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ABSTRACT 

T r a j e c t o r y  o p p o r t u n i t i e s  have been i d e n t i f i e d  f o r  

Using S a t u r n  V l aunch  v e h i c l e  t echno logy  and assuming 
f ree  r e t u r n  manned f l y b y ,  or e n c o u n t e r ,  m i s s i o n s  to Mars and 
Venus. 
t h e  development  o f  a manned p l a n e t a r y  s p a c e c r a f t  w i t h  two 
y e a r  c a p a b i l i t y ,  m i s s i o n s  t o  t h e s e  p l a n e t s  w i t h  exper iment  
p a y l o a d s  of 5 0 , 0 0 0  l b s  are p o s s i b l e .  

S e l e c t i n g  as a d e s i g n  r e f e r e n c e  m i s s i o n  a t r i p l e  
p l a n e t  (Venus-Mars-Venus) f l y b y  w i t h  a 1977 E a r t h  l a u n c h  
d a t e ,  a p o s s i b l e  exper iment  program i s  o u t l i n e d  which employs 
unmanned p r o b e s  t o  e x p l o r e  Mars and Venus d u r i n g  t h e  p l a n e t a r y  
e n c o u n t e r  p h a s e .  To complement t h i s  a program of  s p a c e  s c i e n c e  
and astronomy expe r imen t s  i s  c a r r i e d  o u t  d u r i n g  t h e  r ema in ing  
p o r t i o n  o f  t h e  m i s s i o n .  

A p r e c u r s o r y  unmanned program o f  o r b i t a l  r e c o n n a i s -  
s a n c e  m i s s i o n s  w i t h  small a tmosphe r i c  and s u r v i v a b l e  s u r f a c e  
i m p a c t e r  p r o b e s  i s  assumed f o r  b o t h  p l a n e t s .  Based on t h i s  
t h e  pr ime o b j e c t i v e  o f  t h e  manned e n c o u n t e r  m i s s i o n  a t  Mars i s  
s u r f a c e  sample r e t u r n  f o r  l i f e  d e t e c t i o n  e x p e r i m e n t s .  Samples 
f rom t h r e e  d i f f e r e n t  s e l e c t e d  areas c o u l d  be  r e c o v e r e d  d u r i n g  
t h e  Mars e n c o u n t e r  phase  o f  t h e  m i s s i o n .  Four  t y p e s  o f  p r o b e s  
are c o n s i d e r e d  f o r  Venus. A m e t e o r o l o g i c a l  b a l l o o n  p r o b e  
d e p l o y s  a d i s t r i b u t i o n  of wea the r  b a l l o o n s  t o  r e c o r d  a t m o s p h e r i c  

r e l a y  s t a t i o n .  Also  c o n s i d e r e d  are s low d e s c e n t ,  non- su rv ivab le  
i m p a c t e r  p r o b e s  which might  take TV p i c t u r e s  o f  t h e  s u r f a c e  from 
below t h e  c l o u d  l a y e r  and s u r v i v a b l e  i m p a c t i n g  l a n d e r  p r o b e s  t o  
i n v e s t i g a t e  s u r f a c e  p r o p e r t i e s .  

da t a .  A coiiipaiiioii fiitbiitey S ~ T \ V ~ S  as 2 b ~ l l ~ ~ ~  tyacl<ipAg azd d ~ t . 2  

S e v e r a l  e n  r o u t e  expe r imen t s  have been i d e n t i f i e d  which 
take p a r t i c u l a r  advan tage  o f  t h e  t r a j e c t o r y  o f  t h e  d e s i g n  refer-  
e n c e  m i s s i o n .  These i n c l u d e  o p t i c a l  o b s e r v a t i o n s  o f  Z o d i a c a l  
l i g h t ,  s e v e r a l  known a s t e r o i d s ,  Mercury, and t h e  moons o f  Mars. 
Radio  o b s e r v a t i o n s  o f  J u p i t e r  and  t h e  s u n  made i n  c o n j u n c t i o n  
w i t h  an e a r t h - b a s e d  s t a t i o n  would a l s o  be o f  i n t e r e s t .  
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EXPERIMENT PAYLOADS F O R  MANNED E N C O U N T E R  
MISSIONS TO MARS AND VENUS 

1 . 0  I N T R O C J U C T I O N  

The U.S. program of p l a n e t a r y  e x p l o r a t i o n  t h r o u g h  s p a c e  
f l i g h t  m i s s i o n s  i s  s t i l l  i n  i t s  e a r l y  s t a g e s .  
i n  t e c h n i c a l  complexi ty  f rom t o d a y ' s  unmanned Mar ine r  f l y b y  
p r o b e s  t h r o u g h  po:,sible manned Mars l a n d i n g s  i n  t h e  1980's a r e  
b e i n g  s t u d i e d .  It a p p e a r s  t h a t  a p l a n e t a r y  program c o v e r i n g  t h a t  
s p e c t r u m  o f  m i s s i o n s  cou ld  a c h i e v e  many of  t h e  s c i e n t i f i c ,  t e c h -  
n o l o g i c a l  and n a t i o n a l  p r e s t i g e  o b j e c t i v e s  a s s o c i a t e d  w i t h  one o f  
t h e  major  g o a l s  o f  o u r  n a t i o n a l  s p a c e  program--the e x p l o r a t i o n  o f  
t h e  s o l a r  sys t em.  

Miss ions  ranqine;  

Assuming t h a t  manned p l a n e t a r y  e x p l o r a t i o n  i n  t h e  l a t e  
1970's i s  a p o s s i b i l i t y ,  t h i s  p a p e r  p o s t u l a t e s  a p l a n e t a r y  pro-  
gram concep t  and i l l u s t r a t e s  t h e  r o l e s  f u l f i l l e d  b y  unmanned 
p r e c u r s o r y  and manned e n c o u n t e r  m i s s i o n s .  I n  p a y t i c u l a r ,  t h e  
p o s s i b l e  c o n t r i b u t i o n  of t h e  e x p e r i m e n t s  pay load  o f  t h e  l a t t e r  
c l a s s  of  m i s s i o n s  t o  o u r  knowledge o f  t h e  s o l a r  sys t em i s  
d e s c r i b e d .  

2 . 0  PROGRAM CONCFPT 

2 . 1  E x p l o r a t i o n  O b j e c t i v e s  

One of t h e  major  g o a l s  o f  our n a t i o n a l  s p a c e  program 
i s  t h e  e x p l o r a t i o n  of t h e  s o l a r  s y s t e m .  Gene ra l  o b j e c t i v e s  which 
n a y  be c i t e d  i n  t h e  I j u r s u i t  o f  t h i s  g o a l  a re  t h e  advancement o f  
s c i e n c e  and t echno logy ,  w i t h  i m p l i c a t i o n s  b e a r i n g  on o u r  n a t i o n a l  
image. 

The s c i e n t i f i c  o b j e c t i v e s ,  as s t a t e d  b y  t h e  Space S c i e n c e  

Board o f  t h e  N a t i o n a l  Academy o f  S c i e n c e s  , (') are  summarized 
as follows. 

A .  The O r i g i n  and E v o l u t i o n  of  t h e  E a r t L ,  Sun, and P l a n e t s  

P e r t i n e n t  q u e s t i o n s  r e l a t e  t o  t h e  s o u r c e  o f  t h e  m a t e r i a l  
and  mechanism o f  f o r m a t i o n  o f  t h e  v i s i b l e  o b j e c t s  o f  t h e  
s o l a r  sys t em,  t h e  t ime  s c a l e  of  t h e  major  e v e n t s  which have 
o c c u r r e d  and a re  o c c u r r i n g  i n  t h e  s o l a r  sys t em,  and t h e  
p h y s i c a l  p r o c e s s e s  r e s p o n s i b l e  f o r  t h e  p r i n c i p a l  ene rgy  
re lease  of  t h e  s u n .  
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B .  The O r i g i n  and E v o l u t i o n  o f  L i f e  

Problems i n c l u d e  t h e  examina t ion  of  what c o n s t i t u t e s  
l i f e ,  t h e  s e a r c h  f o r  r e c o g n i z a b l e  l i f e  e l s e w h e r e  i n  t h e  
s o l a r  s y s t e m ,  t h e  p o s s i b i l i t y  o f  l i v i n g  sys tems based on 
o t h e r  t h a n  hydrogen-carbon c h e m i s t r y ,  and a n  e x a m i n a t i o n  
o f  t h e  l i k e l y  c o n d i t i o n s  n e c e s s a r y  f o r  t h e  o r i g i n  o f  
p r i m i t i v e  l i f e .  

C .  The Dynamic P r o c e s s e s  t h a t  Shape Man's T e r r e s t r i a l  
Environmznt 

One f a c e t  of  t h i s  o b j e c t i v e  i n v o l v e s  t h e  e x a m i n a t i o n  
o f  o t h e r  b o d i e s  o f  t h e  s o l a r  sys tem which a re  e i t h e r  
q u i t e  d i f f e r e n t  from E a r t h  or, i f  s imi la r ,  a r e  a t  d i f f e r -  
e n t  s t a g e s  o f  g e o l o g i c  e v o l u t i o n ,  t o  s t i m u l a t e  i n c r e a s e d  
u n d e r s t a n d i n g  o f  t h e  e v o l u t i o n  and p r e s e n t  p h y s i c a l  s t a t e  
o f  t h e  E a r t h  i t s e l f .  A s econd  f a c e t  i s  t h e  a p p l i c a t i o n  
of o u r  knowledge o f  t h e  t e r r e s t r i a l  environment  t o  t h e  
e x p l a n a t i o n  of  obse rved  p r o p e r t i e s  o f  p l a n e t a r y  atmo- 
s p h e r e s ,  s u r f a c e s ,  and i n t e r i o r s .  

The t e c h n o l o g i c a l  o b j e c t i v e s ,  a l t h o u g h  n o t  n e c e s s a r i l y  
i n d e p e n d e n t  o f  t h e  s c i e n t i f i c  o b j e c t i v e s ,  a re  focused  on s t imu-  
l a t i n g  a wide spec t rum o f  s c i e n t i f i c  and e n g i n e e r i n g  d i s c i p l i n e s  
i n  t h e  n a t i o n  and p r o v i d i n g  t h e  c a p a b i l i t y  t o  c o n t i n u e  manned 
and unmanned e x p l o r a t i o n  o f  s p a c e .  

n.. - - 1 r r e s i i g e  o b j e c t i v e s  f o c u s  on t h e  p o t e n t i a l  enhancement 
o f  n a t i o n a l  power and p o s i t i o n  which can  be  a c c r u e d  by  demon- 
s t r a t i n g  t e c h n o l o g i c a l  l e a d e r s h i p  t h r o u g h  b e i n g  f i r s t  i n  
i m p o r t a n t  new accompl ishments .  

P a r t i c u l a r  s c i e n t i f i c ,  t e c h n o l o g i c a l ,  and p r e s t i g e  
o b j e c t i v e s  which may be pursued  t h r o u g h  a p l a n e t a r y  program are  
summarized as f o l l o w s  : 

S c i e n t i f i c  

S e a r c h  for e x t r a t e r r e s t r i a l  l i f e  i n  the r e c o v e r e d  
Mars s u r f a c e  sample and i n  s i t u  on t h e  Mars s u r -  
f a c e .  

Mapping and r e c o n n a i s s a n c e  of  Mars and Venus to 
u n d e r s t a n d  t h e  c u r r e n t  p h y s i c a l  s t a t e  of  t h e  p l a n e t s  
and t h e i r  h i s t o r y .  

Measurement o f  t he  a t m o s p h e r i c  p r o p e r t i e s  o f  Mars 
and Venus, e s p e c i a l l y  t h e  dynamics o f  t h e  Venus 
a tmosphe re .  
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O p t i c a l  o b s e r v a t i o n s  of  Mercury, l i g h t  s c a t t e r e d  
from i n t e r p l a n e t a r y  d u s t ,  t h e  s a t e l l i t e s  o f  Mars, 
and s e l e c t e d  as te ro ids  which canno t  be made from 
E a r t h  o r b i t .  

Radio o b s e r v a t i o n s  of  J u p i t e r  and t h e  sun  which 
canno t  be  made f r o m  E a r t h  o r b i t .  

I n c r e a s e  i n  o u r  u n d e r s t a n d i n g  o f  Mars and Venus t o  
a l e v e l  where f u l l  u s e  can  be  made o f  t h e  e x p l o r a -  
t i o n  p o t e n t i a l  o f  t h e  s u c c e e d i n g  g e n e r a t i o n  o f  
manned p l a n e t a r y  o r b i t i n g  and l a n d i n g  m i s s i o n s .  

T e c h n o l o g i c a l  

U t i l i z a t i o n  o f  t h e  e x i s t i n g  t e c h n o l o g i c a l  capa-  
b i l i t y  f o r  manned e x p l o r a t i o n  o f  s p a c e .  

U t i l i z a t i o n  o f  t h e  e x i s t i n g  c a p a b i l i t y  f o r  deve lop-  
ment o f  unmanned p robes ,  i n s t r u m e n t a t i o n ,  and data  
p r o c e s s i n g .  

A c q u i s i t i o n  of  e n g i n e e r i n g  d e s i g n  i n p u t  da ta  on 
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  s p a c e  f o r  a p p l i c a -  
t i o n  t o  f u t u r e  sys t ems .  

D e f i n i t i o n  of  t he  r e q u i r e m e n t s  on t e c h n o l o g y  f o r  
t h e  e x p l o r a t i o n  of t h e  e n t i r e  s o l a r  s y s t e m .  

Enhancement of  N a t i o n a l  P r e s t i g e  

Manned p l a n e t a r y  e n c o u n t e r  m i s s i o n .  

- Mars s u r f a c e  sample r e t u r n .  

Unmanned s p a c e c r a f t  r endezvous  w i t h  an  a s t e r o i d .  

Unmanned s p a c e c r a f t  rendezvous  w i t h  a comet.  

- Manned p l a n e t a r y  l a n d i n g .  

O b j e c t s  o f  I n v e s t i g a t i o n  

The s e l e c t i o n  o f  Mars and Venus as t h e  pr ime a r e a s  o f  
i n v e s t i g a t i o n  i n  t h e  e a r l y  phases  o f  p l a n e t a r y  e x p l o r a t i o n  i s  a 
r e f l e c t i o n  o f  t h e  f a c t  t h a t  t h e y  are n o t  o n l y  h i g h l y  i n t e r e s t i n g  
b o d i e s  which w i l l  p r o v i d e  new data b e a r i n g  on t h e  s c i e n t i f i c  
o b j e c t i v e s  o f  s o l a r  sys t em e x p l o r a t i o n ,  b u t  t h e y  a r e  a l s o  t h e  
n e a r - E a r t h  p l a n e t s  w i t h  h i g h e r  l i k e l i h o o d  o f  y i e l d i n g  e a r l y  
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p r i o r i t i  s o f  s o l a r  s y s t e m  e x p l  
t i o n ,  e x c l u s i v e  of  t h e  sun  and t h e  E a r t h ,  which r e f l e c t s  a 
consensus  w i t h i n  t h e  s c i e n t i f i c  communi ty , ( l )  i s  : 

ra-  

1. Mars, Venus 

2 .  Moon 

3. Major p l a n e t s  

4 .  Comets and a s t e r o i d s  

5 .  Mercury 

6. P l u t o  

7.  I n t e r p l a n e t a r y  d u s t  

2 . 2  F l i g h t  O p p o r t u n i t i e s  

T a b l e  I o u t l i n e s  p o s s i b l e  unmanned f l y b y  m i s s i o n s  to 
Mars and Venus i n  te rms  of  t h e  E a r t h  d e p a r t u r e  ene rgy  r e q u i r e -  
men t s ,  C 3 ,  and t h e  h y p e r b o l i c  e x c e s s  v e l o c i t i e s  a t  p l a n e t a r y  
e n c o u n t e r ,  Vm.  O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  f a c t  t h a t  t h e  V 

v a l u e s  a l l  l i e  w i t h i n  t h e  r e l a t i v e l y  low range  o f  2 . 4 - 5 . 6  
km/sec. 

m 

The p a r a m e t e r s  o f  r e p r e s e n t a t i v e  manned Mars and 
Venus e n c o u n t e r  m i s s i o n s  a r e  s e t  f o r t h  i n  T a b l e  11. They a r e  
low-energy t r a j e c t o r i e s  of a f r e e - r e t u r n  t y p e ,  i . e . ,  o n l y  
minor  t r a j e c t o r y  c o r r e c t i o n s  a re  n e c e s s a r y  to a c h i e v e  E a r t h  
e n t r y  f o l l o w i n g  t h e  i n i t i a l  p l a n e t a r y  i n j e c t i o n  maneuver i n  
E a r t h  o r b i t .  The m i s s i o n s  i n c l u d e  s i n g l e  p l a n e t  e x p l o r a t i o n ,  
as w e l l  as d u a l  and t r i p l e  p l a n e t  f l i g h t s .  

2 .3  P r e c u r s o r y  Program 

It i s  e x p e c t e d  t h a t  t h e  p l a n e t a r y  program of  t h e  n e x t  
decade  would Dave t h e  way f o r  c o n t i n u e d  achievement  o f  o u r  
n a t i o n a l  s p a c e  o b j e c t i v e s  through manned p l a n e t a r y  o r b i t i n g  and 
l a n d i n g  m i s s i o n s .  The t i m e  s c a l e s  f o r  c a r r y i n g  o u t  t h e  more 
advanced  m i s s i o n s  are d i f f i c u l t  t o  f o r e c a s t ,  b u t  a r e a s o n a b l e  
p l a n n i n g  a s sumpt ion  i s  t h a t  t h e i r  accomplishment  would b e  
f e a s i b l e  i n  t h e  1.980'~. This  t i m i n g  s u g g e s t s  t h a t  an i n i t i a l  
manned p l a n e t a r y  e n c o u n t e r  mis s ion  b e  conducted  i n  t h e  l a t e  
1970's and t h a t  i t  b e  preceded  by (1) a manned E a r t h  o r b i t a l  
p rogram aimed s p e c i f i c a l l y  a t  t h e  development o f  a c a p a b i l i t y  
f o r  l o n g  d u r a t i o n  f l i g h t  and ( 2 )  an  unmanned program t o  pro-  
v i d e  e a r l y  data  on t h e  p l a n e t s  t h r o u g h  t h e  mechanism o f  E a r t h -  
l a u n c h e d  p r o b e s .  
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T h i s  a s sumpt ion  i s  one o f  s e v e r a l  t h a t  c o u l d  b e  made 
a t  t h i s  t i m e .  Al though p a r t i a l l y  b a s e d  on opt imism toward  what  
might be  done,  i t  was chosen t o  p e r m i t  t h e  s e l e c t i o n  o f  an  
i l l u s t r a t i v e  manned e n c o u n t e r  m i s s i o n  as t h e  bas i s  f o r  a con- 
c e p t u a l  d e s i g n  o f  an exper iment  pay load .  The s y s t e m ,  m i s s i o n  
and program d e t a i l s  d e s c r i b e d  s h o u l d  b e  c o n s i d e r e d  as i l l u s -  
t r a t i v e  of  f e a s i b i l i t y  r a t h e r  t h a n  as a p l a n  f o r  t h e  f u t u r e .  

Achievement o f  a long  d u r a t i o n  s p a c e c r a f t  would un- 
doub ted ly  r e q u i r e  a ma jo r  new s t a r t  i n  t h e  manned s p a c e  f l i g h t  
program. It i s  e i i v i s i o n e d  as h a v i n g  a v e r s a t i l e ,  f l e x i b l e  
c a p a b i l i t y  b u i l t  a round a " s t a n d a r d i z e d "  module which can  p ro -  
v i d e  a t  l e a s t  two years  of  l i f e  s u p p o r t  i ndependen t  of  e x t e r n a l  
s o u r c e s .  The f o l l o w i n g  p r e c u r s o r y  needs  o f  t h e  manned p l a n e -  
t a r y  program s h o u l d  b e  p rov ided  i n  t h e  manned E a r t h  o r b i t a l  
program: 

D e t e r m i n a t i o n  o f  C r e w  C a p a b i l i t y  

- Maintenance and r e p a i r  

Experiment  o p e r a t i o n  and d a t a  a n a l y s i s  

Development o f  Technology 

Long-dura t ion  subsystems 

Experiment  subsys t ems ,  p a r t i c u l a r l y  a l a rge  o p t i c a l  
t e i e s  cope 

Development o f  O p e r a t i o n a l  Techniques  

O r b i t a l  assembly and l aunch  

Exper iments  p robe  deployment and c o n t r o l  

F i g u r e  1 o u t l i n e s  a p o s s i b l e  program which would u s e  
e x i s t i n g  c a p a b i l i t i e s  for unmanned e x p l o r a t i o n  and p r o v i d e  a 
sound s c i e n t i f i c  base on which  t o  p r o c e e d  w i t h  t h e  manned en- 
c o u n t e r  m i s s i o n .  The f o u r  b a s i c  t y p e s  o f  p r o b e s  c o n s i d e r e d  
are o r b i t e r s ,  a tmosphe r i c  p robes ,  s u r v i v a b l e  s u r f a c e  i m p a c t e r s ,  
and s o f t  l a n d e r s .  

E a r l y  o r b i t e r  probes are d e s i r a b l e  t o  p r o v i d e  recon-  
n a i s s a n c e  data  u s e f u l  i n  t h e  t a r g e t i n g  o f  l a t e r  p r o b e s  such  as 
s o f t  l a n d e r s .  Fu r the rmore ,  a s  a comparison of  T a b l e s  I and I1 
i n d i c a t e s ,  t h e  p a s s a g e  v e l o c i t i e s  a t  b o t h  Mars and Venus are 
i n  g e n e r a l  l e s s  when t h e  p r o b e  i s  l aunched  d i r e c t l y  f rom E a r t h ,  
t h e r e b y  r e d u c i n g  t h e  p r o p u l s i o n  r e q u i r e m e n t s  f o r  p l a n e t a r y  
o r b i t  i n j e c t i o n .  



. BELLCOMM, I N C .  I .  - 6 -  

Smal l  a t m o s p h e r i c  p robes  i n  t h e  50-200 l b  c l a s s  
cou ld  b e  d e l i v e r e d  to d i f f e r e n t  r e g i o n s  of  t h e  a tmospheres  of 
b o t h  p l a n e t s  b y  b e i n g  deployed from a p a r e n t  o r b i t e r  space -  
c r a f t  e i t h e r  b e f o r e  or a f t e r  t h e  o r b i t a l  i n j e c t i o n  maneuver.  
Data on t h e  a t m o s p h e r i c  s t r u c t u r e  p r o v i d e d  by these  p r o b e s  
would be  used  i n  t h e  mis s ion  p l a n n i n g  f o r  l a n d e r  p r o b e s  t a r -  
g e t e d  t o  s p e c i f i c  s u r f a c e  s i t e s  and would p r o v i d e  p r e l i m i n a r y  
m e t e o r o l o g i c a l  data .  

Impac t ing  l a n d e r  probe t echno logy  f o r  Venus has 
a l r e a d y  been  t e s t e d  by t h e  Russ ians  (Venus 4 s p a c e c r a f t ) .  
Atmospheric  b r a k i n g  w i t h o u t  r e t r o p r o p u l s i o n  i s  s u f f i c i e n t ,  
and t h e  t echno logy  i s  a v a i l a b l e  f o r  s h o r t  t e r m  s u r f a c e  m i s -  
s i o n s  a t  t h e  h i g h  t e m p e r a t u r e s  which are  b e l i e v e d  t o  e x i s t .  
Such a p robe  would p r o b a b l y  communicate t h r o u g h  i t s  p a r e n t  
orb i t e r .  

JPL has s t u d i e d  s h o r t  t e r m  (%l d a y )  s u r v i v a b l e  impact  
p r o b e s  f o r  Mars which c o u l d  b e  d e l i v e r e d  by a Mar iner  f l y b y  
s p a c e c r a f t .  (2) Having a g r o s s  weight  o f  350 l b s ,  t h i s  p robe  
would l a n d  about  13 l b s  o f  s c i e n t i f i c  i n s t r u m e n t s  and t r a n s -  
m i t  6 0 0  b i t s  o f  da ta  d i r e c t l y  t o  E a r t h .  Such a p robe  s h o u l d  
a l s o  b e  d e l i v e r a b l e  from an o r b i t a l  s p a c e c r a f t .  By i n s t r u -  
men t ing  t h e  e n t r y  s h e l l  o f  t h i s  t y p e  of  p r o b e ,  t h e  f u n c t i o n  
of t h e  a tmosphe r i c  p robe  could  b e  per formed on t h e  same 
m i s s i o n .  T h i s  i s  t h e  mode assumed i n  F i g u r e  1. 

S o f t  l a n d e r  p r e c u r s o r y  p r o b e s  have been s t u d i e d  f o r  
Mars, b u t  w i t h o u t  s a t i s f a c t o r y  s o l u t i o n .  Cand ida te  c o n c e p t s  
are t h e  S a t u r n  V Voyager and t h e  T i t a n  I I I / C e n t a u r  l a n d e r .  
The l a t t e r  concept  i s  adopted f o r  t h e  p u r p o s e s  of  F i g u r e  1, 
w i t h  f u t u r e  s t u d y  r e q u i r e d  t o  de t e rmine  t h e  e x a c t  n a t u r e  o f  
t h e  l a n d e r .  An a p p r o p r i a t e  r e s o l u t i o n  o f  t h i s  mat te r  may b e  
t h a t  t h e  T i t a n  I I I / C e n t a u r  probe  i n c l u d e  a second g e n e r a t i o n  
Mars o r b i t e r  s p a c e c r a f t  ( t h e  f i r s t  g e n e r a t i o n  b e i n g ,  p e r h a p s ,  
a Mar ine r  d e r i v a t i v e )  and a l a r g e  s u r v i v a b l e  impact  p r o b e ,  
w i t h  s o f t  l a n d i n g  p robes  l e f t  t o  t h e  manned program. 

S o f t  l a n d e r  probes  f o r  Venus were n o t  c o n s i d e r e d  
b e c a u s e  i t  was f e l t  t ha t  t h e r e  i s  i n s u f f i c i e n t  da ta  on t h e  
s u r f a c e  environment  t o  s u p p o r t  t he  d e s i g n  o f  such p r o b e s .  

A p a r a l l e l  program o f  f l y b y  m i s s i o n s  t o  comets and 
a s t e r o i d s  i n  t h e  l a t e  1970's would c a p i t a l i z e  on Mar ine r  
s p a c e c r a  t t echno logy  and r e q u i r e  o n l y  t h e  A t l a s / C e n t a u r  l aunch  
vehic le . f ; )Another  program o f  f l y b y  m i s s i o n s  t o  J u p i t e r  and t h e  
ma jo r  p l a n e t s  i n  t h e  middle  and l a t e  1970's would s e r v e  as t h e  
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f o c a l  p o i n t  o f  new t echno logy  i n  t h e  unmanned program which 
would c a r r y  o v e r  i n t o  t h e  1 9 8 0 1 s  when manned s y s t e m s  are 
e x p e c t e d  t o  p r o v i d e  t h e  major means o f  e x p l o r i n g  Mars and 
Venus. 

2 . 4  Miss ion  S e l e c t i o n  

E v a l u a t i o n  o f  t h e  r e l a t i v e  mer i t s  o f  t h e  manned 
m i s s i o n s  o u t l i n e d  i n  T a b l e  I1 r e v e a l s  t h a t  t h e  1 9 7 7  t r i p l e  
p l a n e t  e n c o u n t e r  i s  t h e  most a t t r a c t i v e  f o r  p u r p o s e s  o f  t h i s  
a n a l y s i s .  I n  a d d i t i o n  t o  b e i n g  s u f f i c i e n t l y  l a t e  to p e r m i t  
a s u i t a b l e  unmanned p r e c u r s o r y  program and to a f f o r d  a 
r e a s o n a b l e  p e r i o d  f o r  development and t e s t  o f  t h e  l o n g  dura-  
t i o n  s p a c e c r a f t ,  t h a t  mi s s ion  a p p e a r s  t o  win most o f  t h e  t r a d e  
o f f s  i n  sys t em r e q u i r e m e n t s .  

D i s c o u n t i n g  t h e  one y e a r  1975  Venus e n c o u n t e r ,  t h e  
1 9 7 7  m i s s i o n  competes f a v o r a b l y  w i t h  r e g a r d  t o  m i s s i o n  dura-  
t i o n .  I n  p a r t i c u l a r ,  i t  i s  s u p e r i o r  t o  t h e  1978 and 1981  
t r i p l e  p l a n e t  f l i g h t s ,  e a c h  of which r e q u i r e s  i n  e x c e s s  o f  
two y e a r s .  T h i s  m i s s i o n  a l s o  has t h e  lowes t  E a r t h  e n t r y  
v e l o c i t y  of  a l l  t h e  m i s s i o n s .  It s h o u l d  b e  n o t e d ,  t hough ,  
t h a t  a l l  t h e  E a r t h  e n t r y  v e l o c i t i e s  shown a r e  i n  a r a n g e  
(12.0-14.9 km/sec) t h a t  can  be accommodated by Apol lo  t e c h -  
n i q u e s  and t e c h n o l o g y .  The space  envi ronment  t h r o u g h  which 
t h e  f l i g h t  would pass i s  also f a v o r a b l e  s i n c e  t h e  s p a c e c r a f t  
would n o t  e n t e r  t h e  a s t e r o i d  b e l t  and would n o t  come c l o s e r  
t o  t h e  s u n  t h a n  Venus. 

While t h e  e n c o u n t e r  geometry and parameters are 
s h o r t  o f  b e i n g  i d e a l ,  t h e y  a r e  no worse  t h a n ,  and i n  some 
c a s e s  b e t t e r  t h a n ,  t h o s e  o f  t h e  o t h e r  t r i p l e  p l a n e t  f l i g h t s .  
The combina t ion  o f  e n c o u n t e r  v e l o c i t i e s  a p p e a r s  t o  b e  t h e  
b e s t ;  p e r i a p s i s  v e l o c i t i e s  o f  app rox ima te ly  1 2 . 0  km/sec a t  
Venus are comparable  t o  t h o s e  o f  o t h e r  m i s s i o n s ,  and t h e  low 
v e l o c i t y  ( 5 . 6  km/sec) a t  Mars n o t  on ly  a f f o r d s  g r e a t e r  t ime  
i n  t h e  v i c i n i t y  o f  t h e  p l a n e t ,  b u t  a l s o  r e d u c e s  t h e  AV re-  
q u i r e m e n t s  on expe r imen t s  probe d e l i v e r y  and r e t r i e v a l  
s y s t e m s .  The p e r i a p s i s  a l t i t u d e s  are n o t  a s  low as t h e  300-  
500 km r a n g e  of t h e  s i n g l e  p l a n e t  m i s s i o n s ;  h w e v e r ,  t h e y  
are g e n e r a l l y  more s u i t a b l e  t o  r e c o n n a i s s a n c e  o f  t h e  p l a n e t  
f rom t h e  f l y b y  v e h i c l e  t h a n  t h o s e  of  t h e  o t h e r  t r i p l e  p l a n e t  
f l i g h t s .  Also,  d u r i n g  e a c h  p l a n e t a r y  approach  b e t t e r  t h a n  
h a l f  of t h e  p l a n e t a r y  area p r o j e c t e d  on t h e  "p lane -o f - the -  
sky" i s  i l l u m i n a t e d  by t h e  sun. 

The p r i n c i p a l  drawback o f  t h e  m i s s i o n  i s  i t s  h i g h  
E a r t h  d e p a r t u r e  v e l o c i t y .  I n  t h e  f a m i l y  o f  1977  f r e e  r e t u r n  
o p p o r t u n i t i e s  t h e r e  are  o t h e r  m i s s i o n s  w i t h  s i g n i f i c a n t l y  
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lower  i n j e c t i o n  ene rgy  r e q u i r e m e n t s .  These, however, g e n e r a l l y  
r e q u i r e  o r b i t a l  p l a n e  changes e n  r o u t e  t o  t h e  p l a n e t s  and have 
E a r t h  e n t r y  v e l o c i t i e s  t h a t  a r e  o u t s i d e  t h e  r ange  c i t e d  above .  
There  are a l s o  n o n - b a l l i s t i c  f l i g h t s  w i t h  lower  i n i t i a l  
v e l o c i t y  r e q u i r e m e n t s .  The 1977 f l i g h t  o f  t h i s  c l a s s  which 
has been  s t u d i e d  r e q u i r e s  an i m p u l s i v e  maneuver of a p p r o x i -  
ma te ly  0 . 2  km/sec a t  t h e  f i r s t  Venus e n c o u n t e r .  

3 .0  SPACE VEHICLE CONFIGURATION AND MISSION PROFILE 

3 .1  Space  V e h i c l ?  C o n f i g u r a t i o n  

To p r o v i d e  a b a s i s  f o r  s i z i n g  t h e  expe r imen t  pay load  
t o  be  ca r r i ed  on t h e  d e s i g n  r e f e r e n c e  m i s s i o n ,  an es t imate  of 
t h e  s y s t e m  c a p a b i l i t y  n e c e s s a r y  t o  meet per formance  r e q u i r e -  
ments w i t h i n  t h e  c o n s t r a i n t s  of  t h e  m i s s i o n  has been  made, 
u s i n g  t h e  r e s u l t s  o f  a n a l y s e s  conducted  w i t h i n  NASA and 
Bellcomm and by o t h e r  c o n t r a c t o r s .  S t u d i e s  have shown t h a t  
a crew s i z e  o f  between f o u r  and s i x  w i l l  b e  needed  t o  conduct  
t h i s  c l a s s  of m i s s i o n .  Exc lus ive  o f  e x p e r i m e n t s  p a y l o a d ,  t h e  
s p a c e c r a f t  weight  f o r  a four-man crew would be  i n  t h e  r ange  
of 145-150,OOO pounds,  and i n c r e a s i n g  t h e  crew t o  s i x  would 
e n t a i l  a we igh t  p e n a l t y  o f  20-25%.  The u s e  o f  S a t u r n  V 
t e c h n o l o g y  r e f l e c t i n g  improvements p o s s i b l e  i n  t h e  n e x t  decade  
s h o u l d  p e r m i t  i n j e c t i o n  of  a t o t a l  pay load  we igh t  of 2 4 0 , 0 0 0  
pounds i n t o  t h e  i n t e r p l a n e t a r y  t r a j e c t o r y .  

3 .2  Miss ion  P r o f i l e  

S p a c e c r a f t  i n j e c t i o n  takes  p l a c e  l a t e  i n  J a n u a r y ,  
1 9 7 7 .  The f i r s t  Venus encoun te r  o c c u r s  on t h e  149 th  day of  
t h e  m i s s i o n ,  t h e  Mars e n c o u n t e r  on t h e  3 4 5 t h  d a y ,  and t h e  
second Venus e n c o u n t e r  on t h e  5 7 4 t h  day.  E a r t h  e n t r y  takes 
p l a c e  i n  J a n u a r y ,  1979,  j u s t  s h o r t  o f  two y e a r s  a f t e r  E a r t h  
d e p a r t u r e .  The geometry of  t h e  s p a c e c r a f t  s o l a r  o r b i t  i s  
shown i n  F i g u r e  2 .  

The m i s s i o n  i s  a s i n g l e - i m p u l s e  f l i g h t  which makes 
h y p e r b o l i c  e n c o u n t e r s  w i t h  each p l a n e t  and p r o v i d e s  a f r e e  
r e t u r n  t o  E a r t h  f o r  e n t r y  a t  a v e l o c i t y  of 1 2 . 9  km/sec. Mid- 
c o u r s e  c o r r e c t i o n s  are made a s  n e c e s s a r y  d u r i n g  t h e  i n t e r -  
p l a n e t a r y  phases.  

The two Venus e n c o u n t e r s  have a number o f  s imi l a r  
f e a t u r e s .  The a n g l e s  of i n c l i n a t i o n  t o  t h e  Venus o r b i t  p l a n e  
are 80.4O and  80 .5O,  r e s p e c t i v e l y ,  and b o t h  f l i g h t s  p a s s  o v e r  
t h e  s o u t h  p o l a r  r e g i o n .  On t h e  f i r s t  e n c o u n t e r  p e r i a p s i s  
o c c u r s  on t h e  s u n l i t  s i d e  of t h e  p l a n e t  a t  an a l t i t u d e  o f  
680 km, and f o r  t h e  second ,  on t h e  da rk  s i d e  a t  700 k m .  The 
Mars e n c o u n t e r  has a p e r i a p s i s  a l t i t u d e  of  3960 km on t h e  
d a r k  s i d e  of t h e  p l a n e t ,  w i t h  t h e  f l y b y  p l a n e  i n c l i n e d  29.7 '  
t o  t h e  Mars e q u a t o r i a l  p l ane .  
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4 . 0  EXPERIMENT PROGRAM FOR A TRIPLE PLANET ENCOUNTER MISSION 

4 . 1  Miss ion  O b j e c t i v e s  

The expe r imen t  program f o r  t h e  t r i p l e  p l a n e t  e n c o u n t e r  
m i s s i o n  can b e  d i v i d e d  i n t o  t h ree  d i s t i n c t  c a t e g o r i e s ,  namely,  
e x p e r i m e n t s  per formed a t  Mars, expe r imen t s  pe r fo rmed  a t  Venus, 
and en  r o u t e  e x p e r i m e n t s .  Each of  t hese  c a t e g o r i e s  has a 
s p e c i f i c  s e t  o f  o b j e c t i v e s .  

Mars 

The a v a i l a b l e  e x p e r i m e n t a l  da ta  on Mars s u g g e s t  an 
envi ronment  which would be r e l a t i v e l y  h o s p i t a b l e  to s o f t  l and -  
i n g  s p a c e c r a f t .  The atmosphere i s  t h i n  compared to t h e  E a r t h ' s ,  
c o n t a i n i n g  a. small  amount o f  h a z e  which does  n o t  seem t o  p r e -  
c l u d e  good photography of t h e  s u r f a c e .  It i s  c a p a b l e  o f  pro-  
v i d i n g  a s u b s t a n k i a l  amount of a e r o b r a k i n g ,  t h e r e b y  d e c r e a s i n g  
t h e  t o t a l  t h r u s t  r e q u i r e d  f r o m  a d e s c e n t  p r o p u l s i o n  sys t em.  
Our c u r r e n t  u n d e r s t a n d i n g  o f  t h i s  a tmosphere  appears s u f f i c i e n t  
t o  s u c c e s s f u l l y  d e s i g n  e n t r y  s h e l l s  and r e t r o p r o p u l s i o n  sys t ems  
for unmanned s p a c e c r a f t ,  a l t h o u g h  a d d i t i o n a l  data from atmo- 
s p h e r i c  e n t r y  p r o b e s  would l e a d  t o  a h i g h e r  c o n f i d e n c e  i n  t h e s e  
d e s i g n s .  

The Mars s u r f a c e  has been  photographed  t o  a r e s o l u -  
t i o n  of s e v e r a l  k i l o m e t e r s  and a p p e a r s  "moon-like.  "(4) I n  t h e  
a b s e n c e  of s t r o n g  p h y s i c a l  ev idence  t o  t h e  c o n t r a r y  w e  can  
assume t h a t  t h i s  su r f ' ace  i s  i a n a a b i e  i n  iiie Saiiie seiise that 
t h e  l u n a r  s u r f a c e  i s  l a n d a b l e  t o  a Surveyor  or Apol lo  space-  
c r a f t .  Here a g a i n ,  h i g h e r  r e s o l u t i o n  imagery of  t h e  s u r f a c e  
i s  d e s i r a b l e  b e f o r e  a t t e m p t i n g  t o  l a n d  any p r o b e s .  

One o b j e c t i v e  o f  t h e  manned e n c o u n t e r  program s h o u l d  
b e  t o  p r o v i d e  p l a n n i n g  da ta  f o r  t h e  n e x t  ma jo r  s t e p ,  a manned 
Mars l a n d i n g .  The f u n c t i o n  o f  t h i s  da t a  s h o u l d  f i r s t  b e  t o  
c o n f i r m  t h a t  manned l a n d i n g  i s  a wor thwhi l e  g o a l ,  and t h e n  t o  
p r o v i d e  e n v i r o n m e n t a l  da ta  which w i l l  a f f e c t  t h e  d e s c e n t ,  
s u r f a c e ,  and a s c e n t  s t r a t e g y  and hardware  d e s i g n  of  t h e  l and-  
i n g  m i s s i o n .  

A s econd  o b j e c t i v e  i s  t o  e x t e n d  t h e  s c i e n t i f i c  i n v e s -  
t i g a t i o n  o f  Mars beyond t h e  p o i n t  r e a c h e d  i n  t h e  p r e c u r s o r y  
program. C o n s i s t e n t  w i t h  t h e  p l a n  o u t l i n e d  i n  S e c t i o n  2 . 3 ,  i t  
i s  assumed t h a t  t h e  manned e n c o u n t e r  m i s s i o n  w i l l  b e  p receded  
by a program of  o r b i t a l  r e c o n n a i s s a n c e ,  i n  s i t u  measurements 
o f  t h e  a tmosphere ,  and measurements a t  t h e  p l a n e t  s u r f a c e .  
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A common f o c u s  f o r  b o t h  of these  o b j e c t i v e s  i s  t h e  
r e t u r n  o f  a sample from t h e  s u r f a c e  o f  Mars. The s e a r c h  f o r  
e x t r a t e r r e s t r i a l  l i f e  i s  one o f  t h e  most c h a l l e n g i n g  s c i e n t i -  
f i c  problems o f  t h e  p l a n e t a r y  program, and i t  seems t h a t  
sample r e t u r n  s h o u l d  b e  t h e  next  s t e p  a f t e r  accompl i sh ing  a 
s o f t  l a n d i n g  by unmanned p robes .  The d i f f i c u l t y  i n  d e f i n i n g  
a f i n i t e  s e t  of expe r imen t s  t o  d e t e c t  l i f e  and t o  a d e q u a t e l y  
c h a r a c t e r i z e  i t ,  once h a v i n g  been  d e t e c t e d ,  s u g g e s t s  sample 
r e t u r n  as a r e a s o n a b l e  cour se  o f  a c t i o n .  

The  immzdiate  b i o - a n a l y s i s  o f  p a r t  o f  a sample  o f  
Mars i n  a l a b o r a t o r y  on board t h e  manned s p a c e c r a f t  b y  a w e l l  
t r a i n e d  a n a l y s t ,  coup led  w i t h  a more d e t a i l e d  a n a l y s i s  o f  t h e  
r e m a i n d e r  of  t h e  sample i n  ea r th -based  l a b o r a t o r i e s ,  appears 
t o  b e  t h e  most p r o m i s i n g  approach t o  t h e  s e a r c h  f o r  l i f e  on 
Mars. There  i s  no g u a r a n t e e  t h a t  t h i s  approach  would lead  t o  
a s u c c e s s f u l  i d e n t i f i c a t i o n  o f  l i f e  - o r  p r o o f  o f  i t s  absence .  
However, t h i s  approach  does  have t h e  advan tage  of  p e r m i t t i n g  
s c i e n t i s t s  t o  e x h a u s t  t h e i r  i m a g i n a t i o n s  and r e f l e c t  what t h e y  
l e a r n  i n  t h e  d e f i n i t i o n  o f  a d d i t i o n a l  e x p e r i m e n t s  t o  p e r f o r m  
on t h e  samples. On t h e  o t h e r  hand ,  t h e  approach  o f  p l a c i n g  a 
package  of expe r imen t s  on t h e  s u r f a c e  of Mars b y  an unmanned 
l a n d i n g  p robe  would on ly  produce d e f i n i t i v e  r e s u l t s  i f  a 
p o s i t i v e  i d e n t i f i c a t i o n  and  c h a r a c t e r i z a t i o n  o c c u r r e d .  

Forward con tamina t ion  o f  Mars i s  an obvious  problem 
i f  t h e  s e a r c h  f o r  l i f e  i s  pursued .  While a d e q u a t e  s t e r i l i z a -  
t i o n  can  b e  approached  f o r  an  unmanned p r o b e ,  i t  can  n e v e r  b e  
a guarantee Tor a manned system. 'The risk o f  a n  a c c i d e n t  on 
t h e  s u r f a c e  which would expose an  u n s t e r i l i z e d  a s t r o n a u t  cou ld  
b r i n g  t h e  s e a r c h  f o r  l i f e  to a r a p i d  c o n c l u s i o n .  It t h e r e f o r e  
seems r e a s o n a b l e  t o  t r y  t o  s o l v e  t h e  q u e s t i o n  o f  l i f e  on Mars 
b e f o r e  a t t e m p t i n g  a manned l a n d i n g .  Sample r e t u r n ,  w e  f e e l ,  
o f f e r s  t h e  b e s t  chance f o r  meet ing t h i s  g o a l .  

The re  i s  a l s o  t h e  r e l a t e d  q u e s t i o n  o f  back-contamina- 
t i o n  o f  t h e  E a r t h .  I n  t h e  f l y b y  sample r e t u r n  mode t o  b e  d i s -  
c u s s e d  i n  S e c t i o n  4 .3 ,  a s t e r i l i z e d  p r o b e  r e t r i e v e s  t h e  sample,  
which i s  s u b s e q u e n t l y  t r a n s f e r r e d  b e h i n d  a b i o l o g i c  b a r r i e r  f o r  
f u r t h e r  h a n d l i n g  b y  t h e  a s t r o n a u t s .  B e f o r e  t h l s  s p a c e c r a f t  
r een te r s  t h e  E a r t h ' s  a tmosphere,  i t  must b e  de t e rmined  by 
a n a l y s i s  t h a t  t h e r e  i s  no r i s k  due t o  known p a t h o g e n i c  organisms.  
F u r t h e r m o r e ,  if t h e  q u e s t i o n  o f  p a t h o g e n i c  organisms were t o  
e x i s t  a t  t h e  t i m e  of a proposed manned l a n d i n g ,  t h e  sum t o t a l  
o f  t h e  c o n s t r a i n t s  t h i s  might p l a c e  on t h e  s u r f a c e  sys tems and 
o p e r a t i o n a l  p l a n  could  b e  s u f f i c i e n t  t o  compromise t h e  l a n d i n g  
m i s s  i o n .  
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Venus 

The p h y s i c a l  p i c t u r e  o f  Venus i s  q 1 e d i f f e r e n t  
f rom t h a t  o f  Mars. The r e c e n t  Russ i an  p robe  Y' 5 F has conf i rmed 
e a r l i e r  s p e c u l a t i o n  as t o  t h e  h i g h  s u r f a c e  p r e s s u r e ,  r e v e a l i n g  
i t  to b e  some 15-22 E a r t h  a tmospheres .  T h i s  p robe  r e c o r d e d  
t h e  s u r f a c e  t e m p e r a t u r e  on t h e  dark s i d e  t o  b e  approx ima te ly  
2 8 O o C ,  and t e m p e r a t u r e s  on the  s u n l i t  s i d e  are p robab ly  h i g h e r .  
However, e x c e p t  f o r  t h e  s u r f a c e  t e m p e r a t u r e ,  which has a l s o  
been  e s t i m a t e d  from t h e  r a d i o  e m i s s i o n  b r i g h t n e s s ,  and a n  
a v e r a g e  s u r f a c e  d t e l e c t r i c  c o n s t a n t  which has been  measured 
by earth-based radar ,  p h y s i c a l  p r o p e r t i e s  of  t h e  s u r f a c e  are 
l a r g e l y  unknown. Aspec ts  o f  t h e  s u r f a c e  environment  o f  i n -  
t e r e s t  t o  t h e  s p a c e c r a f t  d e s i g n e r  are whe the r  i t  i s  s o l i d  or 
l i q u i d ,  t h e  topography,  and t h e  n a t u r e  of  t h e  n e a r  s u r f a c e  
winds .  The Russ i an  Venus 4 probe a p p a r e n t l y  d i d  n o t  s u r v i v e  
t h e  l a n d i n g ,  and one can only s p e c u l a t e  as t o  t h e  n a t u r e  of  t h e  
s u r f a c e  which caused  i t s  demise. 

The v i s i b l e  p i c t u r e  o f  Venus as s e e n  from E a r t h  i s  
t h a t  o f  a p l a n e t  cove red  by c louds .  Photographs  of  t h e  E a r t h  
f rom s p a c e  l e a d  u s  t o  s p e c u l a t e  t h a t  t h e  Venus c loud  c o v e r  may 
be  i n t e r m i t t e n t  w i t h  r e g i o n s  t h r o u g h  which t h e  s u r f a c e  might  
be viewed.  Un l ike  Mars, however, Mar iner  photography has n o t  
been  a t t e m p t e d  f o r  Venus, s o  i t s  v i s i b l e  appea rance  must b e  
based on r a the r  c r u d e  ev idence .  

A g r o s s  c h a r a c t e r i z a t i o n  o f  Venus, t h e n ,  i s  t h a t  i t  
i s  a c loud-covered  p l a n e t  w i t h  a dense  atmospherae and a h o t  
s u r f a c e .  Also, i t  i s  roughly  t h e  s i z e  o f  t h e  E a r t h  w i t h  a 
Venus day b e i n g  e q u a l  t o  about  1 2 0  E a r t h  days .  T h i s  s o r t  o f  
p i c t u r e  i s  n o t  r e a d i l y  conducive t o  t h o u g h t s  o f  a manned Venus 
l a n d i n g .  I n s t e a d ,  t h e  r e a c t i o n  i s  one o f  p r o b i n g  t h e  env i ron -  
ment more t h o r o u g h l y  to under s t and  t h e  b a s i c  p h y s i c s  and 
c h e m i s t r y  (and  p o s s i b l y  b i o l o g y )  o f  t h e  p l a n e t .  

O r b i t a l  r e c o n n a i s s a n c e  should  p r o v i d e  v i s i b l e  imagery o f  t h e  
c l o u d  p a t t e r n s  and microwave imagery  o f  t h e  s u r f a c e .  Atmo- 
s p h e r i c  p r o b e s  can  measure thermodynamic p r o p e r t i e s  a l o n g  t h e i r  
d e s c e n t  p a t h s  th rough  t h e  atmosphere.  S h o r t  t e r m  s u r v i v a b l e  
l a n d e r  p r o b e s  may b e  ab le  t o  p r o v i d e  e a r l y  data  on t h e  propeG- 
t i e s  o f  t h e  s u r f a c e .  

* 

The p r e c u r s o r y  program can  make a good s t a r t  on t h i s .  

The o b j e c t i v e  o f  t h e  manned Venus e n c o u n t e r  e x p e r i -  
ment program, t h e n ,  i s  t o  ex tend  these  p r e c u r s o r y  i n v e s t i g a -  
t i o n s  o f  t h e  Venus environment  a s t e p  f u r t h e r ,  h o p e f u l l y  t o  
a l s o  d e f i n e  t h e  n a t u r e  o f  a fo l low-on program. Three  p a r t i c u l a r  
t y p e s  of  e x p e r i m e n t s  are f e l t  t o  b e  a key  pa r t  o f  t h i s  e x t e n -  
s i o n .  
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F i r s t ,  t h e r e  i s  s t r o n g  s c i e n t i f i c  i n t e r e s t  i n  under -  
S t a n d i n g  t h e  meteoro logy  of t h e  Venus a tmosphe re .  F a c t o r s  such  
as t h e  l e n g t h  of t h e  Venus day, t h e  d e n s i t y  of  t h e  a tmosphe re ,  
and t h e  p l a n e t ' s  p r o x i m i t y  t o  t h e  sun  may l e a d  t o  q u i t e  a 
d i f f e r e n t  sys tem t h a n  we have obse rved  on E a r t h .  A ne twork  o f  
w e a t h e r  b a l l o o n s  i s  e n v i s i o n e d  as t h e  means o f  c a r r y i n g  o u t  
t h i s  e x p e r i m e n t .  

Secondly ,  i t  i s  p o s s i b l e  t h a t  t h e  p l a n e t  has a pe r -  
manent c l o u d  c o v e r  which s t i l l  t r a n s m i t s  enough l i g h t  t o  
i l l u m i n a t e  t h e  su;.face below - much l i k e  a c loudy d a y  on E a r t h .  
I n  this c a s e  i t  would b e  v a l u a b l e  t o  have v i s i b l e  pho tographs  o f  
t h e  s u r f a c e  t a k e n  from b e n e a t h  t h e  c l o u d  l a y e r .  A Ranger - type  
TV sys t em c o u l d  p r o v i d e  t h i s  da t a ,  w i t h  s e v e r a l  o f  t h e s e  p robes  
b e i n g  dep loyed  t o  d i f f e r e n t  pa r t s  of t h e  s u n l i t  s i d e  of  t h e  
p l ' ane t  on a s i n g l e  f l y b y .  

And t h i r d l y ,  i t  seems wor thwhi l e  t o  ex tend  t h e  e x p l o r a -  
t i o n  o f  t h e  s u r f a c e ,  a l b e i t  w i t h  s h o r t - t e r m  p r o b e s ,  t o  examine 
t h e  r a n g e  o f  s u r f a c e  p r o p e r t i e s  a t  p l a c e s  such  as t h e  sub- and 
a n t i - s o l a r  p o i n t s  and t h e  p o l e s .  

There  a r e  a t  l e a s t  two p o s s i b l e  p robe  c o n c e p t s  which 
s h o u l d  be  c o n s i d e r e d  f o r  a fol low-on program. One i s  a buoyant  
l a b o r a t o r y  s t a t i o n  d e s i g n e d  t o  f l o a t  i n  t h e  a tmosphe re  and 
make d e t a i l e d  compos i t ion  and thermodynamic measurements ,  o b s e r v e  
t h e  s u r f a c e ,  and p o s s i b l y  even s e a r c h  f o r  l i f e  i n  t h e  more 
t e m p e r a t e  r e g i o n s  o f  t h e  a tmosphere .  Such a p r o b e  would prob-  
a b l y  have  t h e  c a p a c i t y  f ' o r  a s e v e r a l  hundred  poui-id sc le i?ce 
P a y l o a d ,  a t  t h e  same t i m e  p r o v i d i n g  a c o n t r o l l e d  envi ronment  
i n  which t h e  expe r imen t s  could  b e  o p e r a t e d .  T h e  weather b a l l o o n  
expe r imen t  i s  a n e c e s s a r y  p r e c u r s o r  t o  t h i s  p robe  i n  g a t h e r i n g  
da ta  on wind c i r c u l a t i o n  p a t t e r n s ,  a tmosphe r i c  t u r b u l e n c e ,  
and t e m p e r a t u r e  and p r e s s u r e  p r o f i l e s .  

A second follow-on p r o b e  might  be a l o n g - l i f e  s u r f a c e  
l a n d e r .  P a r t  of t h e  t a s k  of  t h e  s h o r t - l i f e  l a n d e r s  c o n s i d e r e d  
f o r  t h e  f i r s t  e n c o u n t e r  m i s s i o n  would be  t o  d e t e r m i n e  whether  
t h e r e  i s  a need f o r  t h e  advanced l a n d e r ,  and i f  s o ,  t o  p r o v i d e  
t h o s e  d e s i g n  c r i t e r i a  which a re  d i c t a t e d  by  t h e  env i ronmen t .  

En Route  Exper iments  

j e c t i v e s :  (1) t o  c a r r y  o u t  a b i o l o g i c a l  a n a l y s i s  of  t h e  sample 
mater ia l  c o l l e c t e d  from t h e  Mars s u r f a c e  and ( 2 )  t o  t ake  advan tage  
o f  t h e  e n c o u n t e r  m i s s i o n  t r a j e c t o r y  t o  per form e x p e r i m e n t s  i n  
s p a c e  s c i e n c e  and astronomy which canno t  be done e q u a l l y  w e l l  

The en  r o u t e  expe r imen t s  program has two p r ime  ob- 
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a t  t h e  E a r t h ' s  s u r f a c e  or i n  Earth o r b i t .  S e v e r a l  o f  t hese  
e x p e r i m e n t s  which are p a r t i c u l a r l y  s u i t e d  to manned o p e r a t i o n  
i n v o l v e  e x t e n s i v e  o b s e r v a t i o n s  w i t h  a l a r g e  o p t i c a l  t e l e s c o p e .  
These i n c l u d e  o b s e r v a t i o n s  of Mercury, c e r t a i n  a s t e r o i d s ,  t h e  
s a t e l l i t e s  of Mars, and f a i n t  s t a r s  and g a l a x i e s .  A d d i t i o n a l  
e x p e r i m e n t s  would b e  t h e  u s e  of  a p a s s i v e  microwave r e c e i v e r  
t o  r e c o r d  r a d i o  e m i s s i o n  from J u p i t e r  and t h e  s u n  i n  conjunc-  
t i o n  w i t h  a s i m i l a r l y  equipped  s t a t i o n  a t  E a r t h ,  and a small 
hand-held camera t o  r e c o r d  t h e  i n t e n s i t y  o f  Z o d i a c a l  l i g h t  a t  
p o i n t s  removed from t h e  E a r t h .  

4 . 2  F i r s t  Venus Passage  

The geometry o f  t h e  f i r s t  Venus p a s s a g e  o f  t h e  t r i p l e  
p l a n e t  e n c o u n t e r  m i s s i o n  i s  shown i n  F i g u r e  3 ( i n  t h e  f l y b y  
v e ' h i c l e  p l a n e )  and F i g u r e  4 .  Four t y p e s  of  p r o b e s  and s e v e r a l  
e x p e r i m e n t s  on boa rd  t h e  f l y b y  v e h i c l e  a re  c o n s i d e r e d  e s p e c i a l l y  
c o m p a t i b l e  w i t h  t h e  exper iment  o b j e c t i v e s  o u t l i n e d  i n  S e c t i o n  
4 . 1 .  

M e t e o r o l o g i c a l  B a l l o o n  Probe  System 

The p r imary  o b j e c t i v e s  of  t h e  m e t e o r o l o g i c a l  b a l l o o n  
s y s t e m  are:  (1) t o  d e t e r m i n e  t h e  g r o s s  a t m o s p h e r i c  c i r c u l a t i o n  
p a t t e r n s  by t r a c k i n g  b a l l o o n s  from a n  o v e r - f l y i n g  o r b i t e r ,  and 
( 2 )  t o  g a i n  a g e n e r a l  u n d e r s t a n d i n g  o f  e x i s t i n g  a t m o s p h e r i c  
c o n d i t i o n s  from t h e  b a l l o o n  s e n s o r  p a y l o a d s .  

'l'he b a l l o o n s  are d e l i v e r e d  t o  the  a tmosphere  by two 
s e p a r a t e  p r o b e s ,  e a c h  c o n t a i n i n g  s i x  b a l l o o n s ,  t o  b e  dep loyed  
at  a l t i t u d e s  of  45, 40, 30 ,  25, 10 and 5 km. A s h a l l o w  
e n t r y  p a t h  a n g l e  o f  a b o u t  1 2  d e g r e e s  i s  s e l e c t e d  as a r e a s o n a b l e  
compromise between t h e  t o t a l  heat l o a d ,  maximum h e a t i n g  r a t e ,  
and maximum d e c e l e r a t i o n  e x p e r i e n c e d  b y  t h e  p robe .  

The two t a r g e t  a r e a s  f o r  t h e  f i r s t  p a s s a g e  are  shown 
i n  F i g u r e  5.  These areas nominal ly  l i e  n e a r  t h e  t e r m i n a t o r  
a b o u t  1 2  d e g r e e s  f rom t h e  l imb,  s e p a r a t e d  by 156 d e g r e e s  o f  
c e n t r a l  a n g l e .  S i n c e  f o r  t r a c k i n g  p u r p o s e s  t h e  t a r g e t s  must 
l i e  c l o s e  t o  t h e  o r b i t a l  p l a n e ,  a n e a r  p o l a r  o r h i t  r e q u i r e m e n t  
f o r  t h e  t r a c k i n g  o r b i t e r  i s  e s t a b l i s h e d .  Although somewhat 
a r b i t r a r y  a t  t h i s  t i m e ,  t h e  t a r g e t i n g  s t r a t e g y  adop ted  p e r m i t s  
t h e  a c q u i s i t i o n  of a tmosphe r i c  i n f o r m a t i o n  f rom two wide ly  
s e p a r a t e d  r e g i o n s  o f  t h e  p l a n e t .  P r e c u r s o r y  da t a  from t h e  
r e c o n n a i s s a n c e  o r b i t e r s  and a tmosphe r i c  p r o b e s  s h o u l d  p r o v i d e  
b e t t e r  g u i d e l i n e s  on where to t a r g e t  t h e  m e t e o r o l o g i c a l  
b a l l o o n  p r o b e s .  
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The s i x  a l t i t u d e s  a t  which b a l l o o n s  are  dep loyed  were 
chosen  t o  p r o v i d e  a means o f  i n v e s t i g a t i n g  t h e  low,  i n t e r m e d i a t e  
and h i g h  a l t i t u d e  domains o f  t h e  atmosphere.  Deployment a t  
a l t i t u d e s  o f  5 and 1 0  km i s  s u g g e s t e d  t o  c o v e r  t h e  n e a r  s u r f a c e  
r e g i o n  o f  t h e  a tmosphere .  S p e c i f i c a t i o n  of 2 5  and 30 km i n t e r -  
mediate a l t i t u d e s  c o v e r s  t h e  domain i n  which a buoyant  l a b o r a -  
t o r y  s t a t i o n  might  b e  deployed.  These b a l l o o n s  would p r o b a b l y  
o p e r a t e  i n s i d e  t h e  c l o u d s .  The two h i g h  a l t i t u d e  b a l l o o n s  a t  
40 and 45 k m  are  e x p e c t e d  t o  y i e l d  da ta  on t h e  c o n d i t i o n s  above 
t h e  c l o u d s ,  p r o b a b l y  i n  t h e  r e g i o n  o f  t h e  t r o p o p a u s e .  E a r t h -  
based o b s e r v a t i o n s  i n d i c a t e  t h a t  v e r y  h i g h  wind v e l o c i t i e s  
p a r a l l e l  t o  t h e  e q u a t o r  may be e n c o u n t e r e d  a t  these  a l t i t u d e s  .(6) 
The b a l l o o n s  were d e s i g n e d  u s i n g  a model a tmosphere  based on 
data from b o t h  t h e  S o v i e t  Venus 4 m i s s i o n  and b r i g h t  e t e m -  
p e r a t u r e  data o b t a i n e d  from ea r th -based  o b s e r v a t i o n s  y7?’ Nominal 
ba’ l loon  l i f e t i m e  i s  one month. 

F i g u r e s  6 and 7 i n d i c a t e  t h e  b a l l o o n  p r o b e  c o n c e p t u a l  
d e s i g n ,  w h i l e  F i g u r e s  8 and 9 show a s p e c t s  o f  t h e  m i s s i o n  
p r o f i l e .  

The pay load  subsys tem c a r r i e d  b y  each  o f  t h e  meteo- 
r o l o g i c a l  b a l l o o n s  w i l l  i n c l u d e  a p r e s s u r e  gauge ,  t h r e e  
m u t u a l l y  o r t h o g o n a l  a c c e l e r o m e t e r s ,  a s f e r i c s  d e t e c t o r ,  and a 
t h e r m i s t o r  f o r  ambient  t e m p e r a t u r e  measurement.  The p r e s s u r e  
and t e m p e r a t u r e  gauges w i l l  be d e s i g n e d  t o  o p e r a t e  w i t h i n  
r a n g e s  a p p r o p r i a t e  t o  t h e  a l t i t u d e  o f  deplcyment .  I n  a d d i t i o n ,  
e a c h  b a l l o o n  w i l l  b e  equipped  w i t h  a humid i ty  gauge .  

The a c c e l e r o m e t e r s  w i l l  measure t h e  g r o s s  e f f e c t s  of  
wind  g u s t s  and t u r b u l e n c e  on t h e  b a l l o o n  motion.  To r e d u c e  
power d i s s i p a t i o n  and t h e  a s s o c i a t e d  t h e r m a l  c o n t r o l  r e q u i r e -  
ment t h e  a c c e l e r a t i o n  data would be  c o l l e c t e d  f o r  t h r e e  minu tes  
i n  e v e r y  f i f t e e n .  Dur ing  t h e s e  p e r i o d s  a r e c o r d  would b e  made 
of  t h e  number of o c c a s i o n s  upon which t h e  v e c t o r  sum o f  t h e  
t h r e e  a c c e l e r a t i o n s  exceeded  a p r e s e t  t h r e s h o l d ,  and  a l s o  o f  
t h e  i n t e g r a t e d  l e n g t h  o f  t ime f o r  which t h i s  o c c u r r e d .  The 
comple t e  r e c o r d  would,  i n  a d d i t i o n ,  c o n t a i n  t h e  maximum 
a c c e l e r a t i o n  e x p e r i e n c e d  i n  each of t h e  t h r e e  d i r e c t i o n s  dur -  
i n g  t he  data c o l l e c t i o n  p e r i o d .  It i s  expec ted  t h a t  knowledge 
g a i n e d  from t h e  a n a l y s i s  o f  t h e  a c c e l e r a t i o n  da t a  w i l l  b e  
a p p l i e d  t o  t h e  d e s i g n  of  l a r g e r  and more complex buoyant  Venus 
p r o b e s .  

S u i t a b l e  t e m p e r a t u r e  measurements can  b e  made w i t h  
c e r a m i c  t h e r m i s t o r  d e v i c e s  i n  t h e  form of  beads  and t h i n  wi res .  
A s  e a c h  b a l l o o n  f l o a t s  i n  t h e  a tmosphere  a t  a known c o n s t a n t  
d e n s i t y ,  measurement of t e m p e r a t u r e  a l l o w s  t h e  ambient  p r e s s u r e  
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t o  b e  c a l c u l a t e d .  However, s i n c e  t h e  redundancy o f  a p r e s s u r e  
measurement r e q u i r e s  on ly  a s m a l l  weight  p e n a l t y ,  i t  i s  con- 
s i d e r e d  wor thwhi l e  t o  make t h i s  measurement as a means of 
c h e c k i n g  t h e  t e m p e r a t u r e  r e c o r d .  Wi th in  t h e  r a n g e  of p r e s s u r e s  
t h a t  w i l l  b e  e n c o u n t e r e d  up t o  an a l t i t u d e  o f  45 km t h e  p e r f o r -  
mance o f  c o n v e n t i o n a l  a n e r o i d  gauges w i l l  b e  q u i t e  a d e q u a t e .  
S i m u l t a n e o u s  p r e s s u r e  and t e m p e r a t u r e  measurements would b e  
t a k e n  e v e r y  15  m i n u t e s .  

The s f e r i c s  d e t e c t o r  c a r r i e d  by each  b a l l o o n  w i l l  
e n a b l e  o b s e r v a t i o i i s  t o  be made o f  t h e  g e n e r a l  e l e c t r i c a l  
a c t i v i t y  o f  t h e  a tmosphere .  The d e t e c t o r ,  c o n s i s t i n g  o f  a 
small whip a n t e n n a  and a broad-band r a d i o  r e c e i v e r ,  w i l l  
o p e r a t e  c o n t i n u o u s l y  and w i l l  coun t  t h e  number o f  d i s c r e t e  
e l e c t r i c a l  d i s c h a r g e s  which produce  s u f f i c i e n t  e l e c t r o m a g n e t i c  
r a ' d i a t i o n  f o r  d e t e c t i o n .  From t h e  a n a l y s i s  o f  t h i s  da t a  a 
g e n e r a l  p i c t u r e  o f  t he  e l e c t r i c a l  a c t i v i t y  b f  t h e  Venus atmo- 
s p h e r e  w i l l  b e  o b t a i n e d .  It s h o u l d  b e  p o s s i b l e  t o  d e t e c t  any 
c o r r e l a t i o n s  between such  a c t i v i t y  and p o s i t i o n  on t h e  p l a n e t .  

D i r e c t  s p e c t r o s c o p i c  o b s e r v a t i o n s  have  s h  wn t h a t  
water v a p o r  e x i s t s  above t h e  c l o u d s  c o v e r i n g  Venus, 'is) and i t  i s  
p o s s i b l e  t h a t  t h e  c l o u d s  themse lves  are p a r t l y  composed of i c e  
c r y s t a l s .  It i s ,  t h e r e f o r e ,  c o n s i d e r e d  d e s i r a b l e  t o  e q u i p  t h e  
b a l l o o n s  w i t h  humid i ty  d e t e c t o r s .  Such a d e t e c t o r ,  c o n s i s t i n g  
o f  an  e l e c t r i c a l l y  conduc t ing  chemica l  f i l m ,  r e g i s t e r s  changes 
i n  h u m i d i t y  by i t s  change i n  r e s i s t i v i t y  a t  15 minu te  i n t e r v a l s .  

The b a l l o o n  t r a c k i n g  and da ia  r e l a y  oi?"vitei? is de- 
p l o y e d  s e v e r a l  days b e f o r e  f l y b y  v e h i c l e  p e r i a p s i s .  I m m e d i a t e l y  
a f t e r  s e p a r a t i o n  from t h e  manned v e h i c l e  t h e  o r b i t e r  pe r fo rms  
a preprogrammed v e l o c i t y  c o r r e c t i o n  t o  a d j u s t  i t s  p e r i a p s i s  
p a s s a g e  a l t i t u d e  t o  4000 k m .  A t  p e r i a p s i s  i t  i s  deboos ted  
v i a  a two s t a g e  r e t r o  s y s t e m  i n t o  a c i r c u l a r  o r b i t  w i t h  about  
a 3 h o u r  p e r i o d .  F i g u r e  1 0  shows t h e  o r b i t e r  s p a c e c r a f t  d e s i g n  
c o n c e p t .  

The b a l l o o n  t r a c k i n g  and data communications s y s t e m  
employs a s q u a r e  a r r a y  an tenna  w i t h  a 27' h a l f  a n g l e .  The 
o r b i t a l  t r a c k i n g  geometry i s  shown i n  F i g u r e  11. The o r b i t e r  
measures  t h e  a n g l e  and range t o  each  b a l l o o n  w i t h i n  i t s  f i e l d  
o f  view on e v e r y  o r b i t .  It a l s o  i n t e r r o g a t e s  e a c h  b a l l o o n  f o r  
t h e  a t m o s p h e r i c  da ta  it has i n  on-board s t o r a g e .  The p o s i t i o n  
of t h e  o r b i t e r  r e l a t i v e  t o  t h e  p l a n e t  i s  e s t a b l i s h e d  by t r a c k -  
i n g  f rom E a r t h .  The l a t i t u d e  and l o n g i t u d e  o f  each  b a l l o o n  
c a n  b e  d e t e r m i n e d  t o  an  u n c e r t a i n t y  o f  a b o u t  1 0 0  km. T h i s  i s  
n o t  a s e r i o u s  e r r o r  s i n c e  t h e  o b j e c t i v e  i s  t o  d e t e r m i n e  atmo- 
s p h e r i c  c i r c u l a t i o n  p a t t e r n s  on a p l a n e t a r y  s c a l e .  B a l l o o n  
a l t i t u d e  w i l l  b e  c a l c u l a t e d  by comparing t h e  on-board p r e s s u r e  
and t e m p e r a t u r e  measurements w i t h  a t m o s p h e r i c  p r o f i l e  data  
c o l l e c t e d  b y  t h e  pho to  s i n k e r ,  l a n d e r ,  and a t m o s p h e r i c  p r o b e s .  
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Each b a l l o o n  i s  programmed t o  t r a n s m i t  some 800  b i t s  
p e r  o r b i t  when i n t e r r o g a t e d .  Consequent ly ,  t h e  o r b i t e r  can 
accumula t e  as many as 9 , 6 0 0  b i t s  p e r  o r b i t .  T h i s  da t a  i s  
r e l a y e d  to E a r t h  t h r o u g h  a n  o m n i d i r e c t i o n a l  command da ta  l i n k  
a t  a 5 b i t / s e c o n d  r a t e ,  r e q u i r i n g  1 2 0  watts of  i n p u t  power. 
The s o l a r  array power supp ly  was s i z e d  f o r  2 6 5  watts c o n t i n u o u s .  
A t t i t u d e  c o n t r o l  c o n s i s t s  of h o r i z o n  s c a n n e r s  and a c o l d  g a s  
s y s t e m  t o  keep t h e  t r a c k i n g  a n t e n n a  p o i n t e d  a l o n g  t h e  g r a v i t y  
g r a d i e n t .  

The p r o p u l s i o n  sys tem was s i z e d  f o r  a t o t a l  AV of  
6 . 2 5  km/sec ( a p p r o x i m a t e l y  0 . 2 5  km/sec to change t h e  p e r i a p s i s  
a l t i t u d e  from t h a t  o f  t h e  nominal f l y b y  p a t h  and f o r  m i d -  
c o u r s e  maneuvers ,  w i t h  t h e  remain ing  6 km/sec f o r  c i r c u l a r i z a -  
t i o n  and p l a n e  c h a n g e s ) .  The t o t a l  AV i s  d i v i d e d  e q u a l l y  
be'tween two s t a g e s ,  w i t h  s t a g e  I b e i n g  used  b o t h  f o r  p e r i a p s i s  
a l t i t u d e  a d j u s t m e n t  and deboos t .  T a b l e  I11 summarizes t h e  
subsys t em weight  breakdown for t h e  o r b i t e r  p r o b e .  

Photo  S i n k e r  Probe  

T h i s  p r o b e  i s  e s s e n t i a l l y  an a t m o s p h e r i c  d r a g  probe  
i n s t r u m e n t e d  to t ake  TV p i c t u r e s  below t h e  Venus c l o u d  l a y e r .  
I f  t h e  p r e c u r s o r y  program e s t a b l i s h e s  t h a t  t h e  s u r f a c e  i s  n o t  
v i s i b l e  f rom o r b i t ,  b u t  t h e r e  i s  s u f f i c i e n t  l i g h t  below t h e  
c l o u d s  f o r  i l l u m i n a t i o n  (pho tomete r  measurement ) ,  t h i s  t y p e  of  
p robe  might p r o v i d e  t he  on ly  l a r g e  area cove rage  o f  t he  s u r f a c e  
i n  t h e  v i s i b l e  r a n g e .  The u t i l i t y  o f  t h e  e n c o u n t e r  m i s s i o n  i s  
t h a t  it can  d e l i v e r  s e v e r a l  p r o b e s  cjri a sii2gI.e passage tc 
p r o v i d e  a good s t a t i s t i c a l  sample.  I f  t h e  s u r f a c e  v i s i b i l i t y  
i s  n o t  u n i f o r m l y  good f o r  photography,  m u l t i p l e  p robes  w i l l  
p r o v i d e  a b e t t e r  chance o f  l o c a t i n g  a s i n g l e  good area. I f  
t h e  v i s i b i l i t y  i s  un i fo rmly  good o v e r  t h e  s u n l i t  s i d e  of  t h e  
p l a n e t ,  m u l t i p l e  p robes  w i l l  p r o v i d e  a s t a t i s t i c a l  sample o f  
t e r r a i n  o v e r  d i f f e r e n t  r e g i o n s  of t h e  p l a n e t .  Knowledge o f  
t h e  v i s i b i l i t y  c o n d i t i o n s  would i n f l u e n c e  t h e  exper iment  
s e l e c t i o n  and m i s s i o n  p l a n  f o r  t h e  f l o a t i n g  l a b o r a t o r y  s t a t i o n ,  
which might  be a second g e n e r a t i o n  a t m o s p h e r i c  p r o b e .  

I n  a d d i t i o n  t o  TV t h i s  probe  c a r r i e s  a complement of  
a t m o s p h e r i c  expe r imen t s  t o  measure t e m p e r a t u r e ,  p r e s s u r e ,  com- 
p o s i t i o n ,  l i g h t  l e v e l  and a l t i t u d e .  A l l  expe r imen t s  c e a s e  to 
f u n c t i o n  when t h e  p robe  impacts  t h e  s u r f a c e .  P r i o r  knowledge 
o f  p robe  d e s c e n t  times ga ined  from t h e  p r e c u r s o r y  program w i l l  
er& a c c u r a t e  t i m i n g  s o  t h a t  t h e  p h o t o g r a p h i c  r e a d o u t  f rom 

?he s i n k e r  p r o b e  o c c u r s  when t h e  f l y b y  v e h i c l e  i s  i n  t h e  
o p t i m a l  r a n g e  p o s i t i o n .  
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P i c t u r e s  are  a c q u i r e d  e v e r y  1 0  seconds  from an a l t i -  

A maximum 

The d e s i g n  concept  f o r  t h i s  probe  i s  shown i n  F i g u r e  

t u d e  o f  a b o u t  30 km. 

t r a n s m i s s i o n  r a n g e  of  6 0 , 0 0 0  km i s  a d e q u a t e  f o r  t h i s  expe r imen t .  

1 2  and i t s  m i s s i o n  p r o f i l e  i n  F i g u r e  1 3 .  
s u p p l i e d  by b a t t e r i e s ,  and t h e r m a l  c o n t r o l  i s  by i n s u l a t i o n  
w i t h  an  i n t e r n a l  c o o l a n t  such as i c e .  

I n i t i a l  p i c t u r e s  have a r e s o l u t i o n  of  

a p p r o x i m a t e l y  120 meters and a cove rage  o f  500  km 2 . 

Probe power i s  

T h i s  p robe  can b e  t a r g e t e d  f o r  a t m o s p h e r i c  e n t r y  
a n g l e s  r a n g i n g  from v e r t i c a l  i n c i d e n c e  to 25' o f f  v e r t i c a l .  
T h i s  l a t t e r  c o n s t r a i n t  i s  t h e  h a l f  a n g l e  o f  t h e  communications 
a n t e n n a  which i s  a l i g n e d  w i t h  t h e  s p a c e c r a f t  s p i n  a x i s .  The 
o n l y  o t h e r  t a r g e t i n g  r equ i r emen t  i s  impact  on t h e  s u n l i t  s i d e .  
P r e c u r s o r y  da t a  i s  e x p e c t e d  t o  c o n t r i b u t e  t o  t h e  t a r g e t i n g  
s t r a t e g y  . 
Venus Lander  Probe  

The l a n d e r  p robe  i s  d e s i g n e d  t o  impact  t h e  Venus s u r -  
f a c e  and s u r v i v e  for one hour .  Dur ing  t h i s  t i m e  i t  c o l l e c t s  
da ta  on t h e  s u r f a c e  envi ronment ,  i n c l u d i n g  a panoramic t e l e -  
v i s i o n  s c a n ,  and t r a n s m i t s  t h e  data  d i r e c t l y  t o  t h e  manned 
f l y b y  v e h i c l e .  The o b j e c t i v e  o f  t h i s  p robe  i s  t o  f i n d  o u t  
w h e t h e r  s u r f a c e  o p e r a t i o n s  on Venus a r e  f ea s ib l e  and t o  i n d i -  
c a t e  which areas a r e  more s u i t a b l e  f o r  l a n d i n g .  T h i s  r e q u i r e s  
t h e  u s e  of s e v e r a l  l a n d e r  p r o b e s .  The large paylcac! c a p z c i t v  
o f  t h e  manned v e h i c l e  makes  it p o s s i b l e  t o  i n v e s t i g a t e  e i g h t  
s u r f a c e  l o c a t i o n s  on a s i n g l e  m i s s i o n .  

F i g u r e s  1 4  and 15 i l l u s t r a t e  t h e  p robe  m i s s i o n  p r o f i l e  
and c o n c e p t u a l  d e s i g n ,  r e s p e c t i v e l y .  The l a n d e r  p robe  i s  
d e s i g n e d  f o r  e n t r y  a t  a n g l e s  r a n g i n g  from v e r t i c a l  i n c i d e n c e  t o  
abou t  7 8 O  o f f  v e r t i c a l ,  which i s  t h e  s k i p  o u t  a n g l e .  
a l s o  t ake  TV p i c t u r e s  i n  t h e  d a r k ,  a s  i t  c a r r i e s  i t s  own 
i l l u m i n a t i o n  s y s t e m .  

It  can 

A s  t h i s  p r o b e  i s  t h e  s u b j e c t  o f  a companion p a p e r  ( 9 )  , 
i t  w i l l  n o t  b e  d i s c u s s e d  f u r t h e r  here .  

On Board Exper iments  

A v a r i e t y  o f  remote s e n s o r  e x p e r i m e n t s  might be  
u s e f u l l y  c a r r i e d  o u t  on board  t h e  manned v e h i c l e  d u r i n g  Venus 
e n c o u n t e r .  I n  p a r t i c u l a r ,  a one meter d i f f r a c t i o n - l i m i t e d  
t e l e s c o p e  which i s  proposed  for e n  r o u t e  astronomy ( see  
S e c t i o n  4 . 5 )  cou ld  b e  used  f o r  photography and s p e c t r a l  measure- 
ments  o f  Venus d u r i n g  t h e  approach and p e r i a p s i s  p a s s a g e  phases.  
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Some o f  t h e  most comprehensive imagery o f  t h e  s u r f a c e  might b e  
o b t a i n e d  from a r a d a r  imagery exper iment  conduc ted  a t  p e r i a p s i s  
pas  s a g e .  

4 . 3  Mars Passage  

The geometry o f  t h e  Mars p a s s a g e  i s  shown i n  F i g u r e s  
1 6  and 1 7 .  Only one t y p e  o f  probe  f o r  i n v e s t i g a t i n g  Mars i s  
i n c l u d e d  i n  t h e  p robe  complement of  t h i s  m i s s i o n .  The Mars 
S u r f a c e  Sample Recovery (MSSR) probe  c o l l e c t s  samples of  t h e  
M a r t i a n  s u r f a c e  m' i ter ia l  and t r a n s p o r t s  them v i a  a rendezvous  
r o c k e t  to t h e  manned f l y b y  v e h i c l e ,  r e t u r n s  f u l l  c o l o r  photo-  
g r a p h s  t a k e n  on t h e  s u r f a c e ,  and emplaces l o n g  t e r m  expe r imen t s  
on t h e  s u r f a c e .  Three MSSR probes  a r e  used t o  i n c r e a s e  t h e  
l i k e l i h o o d  o f  s u c c e s s f u l  s a m p l e  r e t u r n  and h o p e f u l l y  t o  r e t u r n  
samples  f rom d i f f e r e n t  a r e a s .  

F i g u r e  1 8  shows t h e  s i g n i f i c a n t  e v e n t s  i n  t h e  MSSR 
m i s s i o n  p r o f i l e .  P r i o r  t o  deployment ,  t h e  t h r e e  MSSR p robes  
are encased  i n  i n d i v i d u a l  s t e r i l i z a t i o n  c a n i s t e r s  and s t o r e d  
i n  t h e  p robe  compartment o f  t h e  f l y b y  v e h i c l e .  Deployment 
o c c u r s  abou t  5 days  b e f o r e  f l y b y  v e h i c l e  p e r i a p s i s  p a s s a g e  
(M-5 d a y s )  and c o n s i s t s  o f  e j e c t i n g  t h e  p r o b e s  from t h e  f l y b y  
v e h i c l e  and s e p a r a t i n g  t h e  s t e r i l i z a t i o n  c a n i s t e r s  i n  such  a 
way as to p r e v e n t  con tamina t ion  o f  t he  p r o b e s .  

The i n j e c t i o n  p r o p u l s i o n  maneuver,  which i s  s t a r t e d  
as soon as deployment i s  comple te ,  c a u s e s  t h e  p r o b e s  to i n t e r -  
c e p t  t he  p l a n e t  from 2 t o  4 nours  p r i o r  t o  f i y b y  v e n i c i e  
p e r i a p s i s  pas sage .  Fo l lowing  two midcourse  maneuvers and 
j e t t i s o n i n g  of  t h e  r o c k e t ,  t h e  p robes  e n t e r  t h e  a tmosphere  a t  
a h e i g h t  of  2 2 0  km and an  e n t r y  a n g l e  of 19' below t h e  l o c a l  
h o r i z o n t a l .  These e n t r y  c o n d i t i o n s  c o n s t r a i n  t h e  touchdown 
p o i n t s  t o  a l o c u s  o f  abou t  11' beh ind  t h e  l i m b  o f  Mars as 
viewed from t h e  approach ing  manned v e h i c l e .  F i g u r e  19 shows 
t h e  approximate  l a n d i n g  geometry.  S i n c e  t h e  p l a n e t  r o t a t e s  
a p p r o x i m a t e l y  1 4 O  p e r  h o u r ,  i t  takes  a lmos t  an hour  a f t e r  
l a n d i n g  for t h e  MSSR probes  t o  e s t a b l i s h  l i n e - o f - s i g h t  cornmu- 
n i c a t i o n s  w i t h  t h e  manned v e h i c l e .  

A 60° h a l f - a n g l e  sphere-cone shaped a e r o s h e l l  
equ ipped  w i t h  an  a b l a t i v e  h e a t  s h i e l d  p r o t e c t s  t h e  p robe  d u r i n g  
e n t r y .  The r e l a t i v e l y  low b a l l i s t i c  c o e f f i c i e n t  o f  abou t  
0 . 7  s l u g s / f t 2  c a u s e s  t h e  v e l o c i t y  to b e  r educed  to abou t  2000  
f p s  a t  an  a l t i t u d e  o f  2 0 , 0 0 0  f e e t .  At t h i s  p o i n t ,  l a n d i n g  
r o c k e t s  are i g n i t e d  t o  s low t h e  v e h i c l e  f u r t h e r .  
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Gimba led ,  v a r i a b l e  t h r u s t  l a n d i n g  r o c k e t s  and a t t i -  
t u d e  c o n t r o l  r o c k e t s  a r e  used to a c h i e v e  low v e l o c i t y  l a n d i n g  
t h r o u g h  t h e  u s e  of  r a n g e  and Doppler  r a d a r  and a n  a u t o p i l o t  
s y s t e m  s imi l a r  t o  t h a t  of Surveyor .  A f t e r  t h e  v e l o c i t y  has 
b e e n  r educed  t o  abou t  1 0 0 0  f p s  t h e  a e r o s h e l l  i s  s e p a r a t e d  from 
t h e  l a n d i n g  v e h i c l e  and t h e  l a n d i n g  l e g s  a r e  e x t e n d e d .  Touch- 
down o c c u r s  a t  a v e r t i c a l  v e l o c i t y  o f  abou t  5 f p s .  

The l a n d i n g  p o i n t s  of t h e  t h r e e  MSSR p r o b e s  were 
chosen  s o  t h a t  t h e y  would a l l  b e  r o t a t e d  i n t o  t h e  f l y b y  p l a n e  
f o r  l aunch  about  6 minu tes  p r i o r  to manned v e h i c l e  p e r i a p s i s  
p a s s a g e ,  as shown i n  F i g u r e  2 0 .  The v a r i a t i o n  i n  a r r i v a l  t i m e  
a l l o w s  f l e x i b i l i t y  i n  t h e  p r o b e  l a n d i n g  l o c a t i o n .  F i g u r e  2 1  
shows t h e  e a r l y  a r r i v a l  t imes  r e q u i r e d  t o  p r o p e r l y  p o s i t i o n  
t h e  MSSR i n  t h e  f l y b y  p l a n e  a t  l aunch  as a f u n c t i o n  o f  l a n d i n g  
l a t i t u d e .  

S h o r t l y  a f t e r  l a n d i n g  t h e  p robes  b e g i n  programmed 
p re - l aunch  s u r f a c e  o p e r a t i o n s .  The equipment d o o r s  a r e  un- 
f o l d e d  as shown i n  F i g u r e  2 2 ,  and t h e  h i g h  g a i n  a n t e n n a  i s  
d e p l o y e d .  Sample c o l l e c t i o n  i s  besun  u s i n g  a r o c k  d r i l l  t o  
c o l l e c t  s u b - s u r f a c e  mater ia l  and an  a e r o s o l  f i l t e r  t o  c o l l e c t  
s amples  of  mater ia l  suspended i n  t h e  a tmosphe re .  As soon  as 
communicat ions a r e  e s t a b l i s h e d  w i t h  t h e  manned v e h i c l e ,  a 
panoramic  t e l e v i s i o n  p i c t u r e  i s  t r a n s m i t t e d  t o  e n a b l e  t h e  
a s t r o n a u t s  i n  t h e  f l y b y  v e h i c l e  t o  s e l e c t  t h e  most i n t e r e s t i n g  
areas f o r  s u r f a c e  sample c o l l e c t i o n .  S i n c e  i t  i s  n e c e s s a r y  t o  
c o l l e c t  s u r f a c e  samples  a t  l e a s t  1 0 0  f e e t  from t h e  l a n d e d  MSSR 
p r o b e  t o  minimize  c o n t a m i n a t i o n  b y  ruc ice t  exhaust gases , t h z  
s u r f a c e  sample a c q u i s i t i o n  d e v i c e s  a r e  p r o p e l l e d  r a d i a l l y  o u t -  
ward by m o r t a r s  r emote ly  aimed i n  t h e  f a v o r a b l e  d i r e c t i o n s .  
Drag b u c k e t s  or vacuum c l e a n e r  t y p e  samplers, or a combina t ion  
o f  t h e s e ,  are  used  to c o l l e c t  samples of t h e  s u r f a c e  mater ia l .  
The e n t i r e  s ample  a c q u i s i t i o n  p r o c e d u r e  and o t h e r  i n t e r a c t i o n s  
of t h e  p r o b e  w i t h  t h e  s u r f a c e ,  such  as f o o t p a d  p e n e t r a t i o n  and 
r o c k e t  c r a t e r i n g ,  a r e  photographed i n  c o l o r .  The f i l m  i s  
p laced  i n  t h e  rendezvous  r o c k e t  a l o n g  w i t h  t h e  s u r f a c e  samples 
and t h e  p r o b e  i s  readied  f o r  l a u n c h .  

On command from t h e  manned v e h i c l e  t h e  a n t e n n a s  and 
cameras  on t h e  MSSR a re  t h e n  r e t r a c t e d .  The c o n i c a l  s t r u c t u r a l  
s h e l l s  which s u r r o u n d  and suppor t  t h e  rendezvous  r o c k e t  d u r i n g  
t h e  e n t r y  and l a n d i n g  a r e  f o l d e d  outward o v e r  t h e  equipment  
d o o r s .  T h i s  frees t h e  r o c k e t  f o r  l a u n c h  and p r o t e c t s  t h e  equip-  
ment f rom damage by t h e  r o c k e t  e x h a u s t .  On f u r t h e r  commands 
from t h e  manned v e h i c l e  t h e  t h r e e  rendezvous  r o c k e t s  a re  
l a u n c h e d  n e a r l y  s i m u l t a n e o u s l y .  I n e r t i a l  g u i d a n c e  i s  used  t o  
c o n t r o l  t h e  r o c k e t s  as t h e y  a c c e l e r a t e  t o  t h e  speed of  t h e  
f l y b y  v e h i c l e .  The t e r m i n a l  maneuvers a re  made u s i n g  t h e  small  
a t t i t u d e  c o n t r o l  r o c k e t s  on t h e  rendezvous  v e h i c l e .  Rendezvous 
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and dock ing  a re  accompl ished  u s i n g  command gu idance  unde r  
o p t i c a l  and radar o b s e r v a t i o n  from t h e  manned v e h i c l e .  Dock- 
i n g  and t r a n s f e r  of  t h e  payload from t h e  t h r e e  rendezvous  
r o c k e t s  t o  t h e  f l y b y  v e h i c l e  a r e  done i n  a manner which p re -  
v e n t s  c o n t a m i n a t i o n  of  t h e  payload and back-con tamina t ion  of 
t h e  f l y b y  v e h i c l e .  

Pos t - l aunch  s u r f a c e  o p e r a t i o n s  b e g i n  soon  a f t e r  
l a u n c h  of t h e  rendezvous  r o c k e t s  and c o n t i n u e  f o r  t h e  l i f e  o f  
t h e  p r o b e  - nominal ly  two y e a r s .  A 180-pound g e o p h y s i c s  
l a b o r a t o r y  c o n t a i n i n g  n i n e  exper iments  i n c l u d i n g  a t e l e v i s i o n  
camera i s  i n c l u d e d  i n  t h e  landed p a y l o a d .  An a d d i t i o n a l  100 
pounds o f  l anded  pay load  f o r  exob io logy  expe r imen t s  or more 
g e o p h y s i c s  i s  p r o v i d e d  i n  t h e  weight  es t imate  shown i n  Tab le  I V .  
T h e s e  e x p e r i m e n t s  are  s u p p l i e d  power from t h e  MSSR power sub- 
s y s t e m  and t r a n s m i t  data  over  t h e  probe  communication subsys tem.  
When t h e  i n c r e a s i n g  d i s t a n c e  t o  t h e  d e p a r t i n g  f l y b y  v e h i c l e  
r e d u c e s  t h e  t r a n s m i s s i o n  r a t e  below t h a t  of  a d i r e c t  Mars- 
E a r t h  l i n k ,  t h e  MSSR a n t e n n a  a c q u i r e s  t h e  E a r t h  and communi- 
c a t e s  d i r e c t l y  f o r  t h e  remainder  o f  i t s  m i s s i o n .  

So f a r  as on-board expe r imen t s  a re  conce rned ,  o p t i c a l  
photography and s p e c t r o s c o p y  u s i n g  t h e  one meter t e l e s c o p e  may 
b e  a c q u i r e d  d u r i n g  t h e  approach and d e p a r t u r e  phases  o f  t h e  
m i s s i o n ,  b u t  i n f r a r e d  and r a d a r  imagery would have t o  s u f f i c e  
a t  p e r i a p s i s  p a s s a g e ,  s i n c e  t h i s  i s  a d a r k s i d e  f l y b y  o f  Mars. 

4 . 4  Second Venus Passage  

The geometry of t h e  second Venus p a s s a g e  i s  shown 
i n  F i g u r e s  2 3  and 2 4 .  T h e  o b j e c t i v e  i s  t o  repeat  t h e  t y p e  o f  
expe r imen t  program c a r r i e d  o u t  on t h e  f i r s t  p a s s a g e  i n  t h e  
d i f f e r e n t  p l a n e t  geometry.  F i g u r e  5 i l l u s t r a t e s  p o s s i b l e  
t a r g e t  areas f o r  t h e  m e t e o r o l o g i c a l  b a l l o o n  p r o b e s .  A l a r g e  
p o r t i o n  of t h e  da ta  c o l l e c t e d  on t h e  f i r s t  passage w i l l  have 
b e e n  a n a l y z e d  t o  p r o v i d e  c l e a r e r  d i r e c t i o n  t o  t h e  expe r imen t  
and p r o b e  m i s s i o n  p l a n n i n g .  I n  t h i s  s t r a t e g y  t h e  second 
g e n e r a t i o n  c l a s s  of  s u r f a c e  o r  a t m o s p h e r i c  p r o b e s  c o u l d  b e  
c a r r i e d  on some l a t e r  m i s s i o n .  

By t h e  t i m e  o f  t h i s  passage a l l  o f  t h e  e a r l i e r  
b a l l o o n  p r o b e s  would have exceeded t h e i r  d e s i g n  l i f e t i m e .  To 
i n s u r e  a s u c c e s s f u l  m i s s i o n  for t h e  new m e t e o r o l o g i c a l  b a l l o o n  
p r o b e s ,  a s e p a r a t e  t r a c k i n g  and r e l a y  o r b i t e r  would be p r o v i d e d  
f o r  t h e  second  p a s s a g e  exper iment  program. However, i f  t h e  
f i r s t  o r b i t e r  were found t o  b e  stl-11 o p e r a t i o n a l ,  t h e  second 
c o u l d  be used  t o  p r o v i d e  a d d i t i o n a l  s p a t i a l  cove rage  f o r  t h e  
new b a l l o o n  p r o b e s .  The l o c a t i o n  o f  t h i s  o r b i t  ( s t i l l  c i r c u l a r  
a t  4 0 0 0  k m  a l t i t u d e )  would be s e l e c t e d  a f t e r  examina t ion  of t h e  
f i r s t  p a s s a g e  b a l l o o n  t r a c k i n g  da ta .  
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4.5 En Route Exper imen t s  

A number of p a r t i c u l a r l y  r e  a r d i n g  e x p e r i m e n t s  which 
t a k e  a d v a n t a g e  o f  t h e  o r b i t a l  geometry o f  t h e  f l y b y  m i s s i o n  
a re  suge;es ted .  I n  g e n e r a l  these e x p e r i m e n t s  canno t  b e  done 
e q u a l l y  w e l l  i n  E a r t h  o r b i t ,  a l t h o u g h  i n  some c a s e s  s i m i l a r  
measurements  made s i m u l t a n e o u s l y  i n  E a r t h  o r b i t  would enhance  
t h e i r  t o t a l  v a l u e .  

Z o d i a c a l  L i a h t  

Z o d i a c a l  l i g h t  i s  t h e  f a i n t  s c a t t e r i n g  o f  s u n l i g h t  
from i n t e r p l a n e t a r y  d u s t  and gas i n  t h e  e c l i p t i c  p l a n e  back  
to E a r t h .  The d i s t r i b u t i o n  o f  t h i s  d u s t  i n  s p a c e  c a n n o t  b e  
r e s o l v e d  s o l e l y  w i t h  ear th-based measurements .  O f  p a r t i c u l a r  
c o n c e r n  i s  t h e  q u e s t i o n  of  whe the r  t h i s  d u s t  i s  u n i f o r m l y  
d i s t r i b u t e d  a round  t h e  s u n ,  o r  whe the r  t h e r e  i s  a l o c a l  concen-  
t r a t i o n  i n  t h e  v i c i n i t y  o f  t h e  E a r t h ,  g i v i n g  r i s e  t o  t h e  
enhanced  s c a t t e r  f rom t h e  a n t i - s o l a r  d i r e c t i o n  known as 
g e g e n s c h e i n  ( s ee  F i g u r e  25).(10) O b s e r v a t i o n s  from t h e  manned 
v e h i c l e  e n  r o u t e  t o  and from t h e  p l a n e t s  c o u l d  p r o v i d e  u s e f u l  
d a t a  i n  d e t e r m i n i n g  t h e  d i s t r i b u t i o n  o f  t h i s  d u s t .  Us ing  a 
small hand-he ld  camera w i t h  a wide f i e l d  of view ( a t  l e a s t  
lo"), a r e c o r d  o f  t h e  changing  i n t e n s i t y ,  and p o s s i b l y  p o l a r i -  
z a t i o n ,  o f  Z o d i a c a l  l i q h t  i n  v a r i o u s  d i r e c t i o n s  as t h e  s p a c e -  
c r a f t  moves away from E a r t h  s h o u l d  p r o v i d e  key da ta  f o r  t h e  
a n a l y s i s  o f  t h i s  p roblem.  S imul t aneous  measurements  o f  l i g h t  
i n t e n s i t y  f rom E a r t h  o r b i t  would b e  r e q u i r e d  t o  compensa te  f o r  
0 - 7 7  n , . " m : h l h  C m , .  T-,.-A:,.t:--" u r i y  p v a a i u i c  b i i i i c  v a i  i a c l i v i i a  iii f ~ t e ~ ~ l t j : .  

A s t e r o i d  O b s e r v a t i o n s  

Many hundreds  o f  a s t e r o i d s  w i t h  s i z e s  es t imated  t o  
r a n g e  f rom a f r a c t i o n  o f  a k i l o m e t e r  t o  s e v e r a l  hundred  k i l o -  
meters a re  i n  o r b i t  ab u t  t h e  s u n ,  m o s t l y  be tween t h e  o r b i t s  
of Maps and  J u p i t e y . ( l l ?  L i t t l e  i s  known o f  t h e  p h y s i c a l  p r o p e r -  
t i e s  o f  t h e s e  o b j e c t s .  During t h e  1977 f l y b y  m i s s i o n  t h e  
manned s p a c e c r a f t  comes r e a s o n a b l y  c l o s e  t o  f o u r  o f  t h e s e  
a s t e r o i d s ,  as shown be low.  * 

Date  A s t e r o i d  Encoun te r  D i s t a n c e  ( A U )  

I c a r u s  
Aethra 
I c a r u s  
P r i s m a  
A l i n d a  

,048 
* 387 
.670 
532 
.124 

5-11-77 
12-5-77 
8-5-78 
4-14-78 
4-25-78 

+Data i s  c o u r t e s y  of Dr. D .  F.  Bender o f  Nor th  American- 
Rockwel l ,  I n c .  
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Using  a one meter d i f f r a c t i o n - l i m i t e d  t e l e s c o p e ,  t h e  s i z e  o f  
a s t e r o i d s  w i t h  diameters g r e a t e r  t h a n  1 6 0 . ~  k i l o m e t e r s ,  where 
R i s  t h e  d i s t a n c e  t o  t h e  a s t e r o i d  i n  A U ,  c o u l d  b e  measu red .  
Knowing t h e  d iameter ,  t h e  a s t e r o i d  a l b e d o  c o u l d  be d e t e r m i n e d .  
Only f o u r  a s t e r o i d  a l b e d o s  a r e  known t o  d a t e ,  making i t  d i f f i -  
c u l t  t o  d e t e r m i n e  whether  t h e r e  a r e  s e v e r a l  c l a s s e s  O f  a s t e r -  
o i d s  d i f f e r i n g  i n  compos i t ion  and  s t r u c t u r e .  

Another  u s e f u l  o b s e r v a t i o n  which c o u l d  b e  made 
d u r i n g  t h e  e n c o u n t e r  m i s s i o n  would b e  a measu re  o f  a s t e r o i d  
r e f l e c t a n c e  and p ~ l a r i z a t i o n  as  a f u n c t i o n  o f  phase  a n g l e .  
For most a s t e r o i d s ,  phase  a n g l e  data  o b t a i n e d  from E a r t h  i s  
l i m i t e d  to a maximum o f  2 7 O ;  t h i s  c o u l d  b e  i n c r e a s e d  to 40° 
or 50" by o b s e r v i n g  from t h e  f l y b y  s p a c e c r a f t  n e a r  i t s  
a p h e l i o n  p o s i t i o n .  

S t e l l a r  and G a l a c t i c  Astronomy 

A l a r g e  a p e r t u r e  d i f f r a c t i o n - l i m i t e d  t e l e s c o p e  may 
b e  u s e d  t o  a d v a n t a g e  d u r i n g  t h e  f l y b y  m i s s i o n  to o b t a i n  lone; 
e x p o s u r e  p h o t o g r a p h s  t o  s e a r c h  f o r  f a i n t  s t a r s  and  g a l a x i e s .  
Us ing  a one m e t e r  d i f f r a c t i o n - l i m i t e d  t e l e s c o p e  a b l e  to p o i n t  
w i t h i n  a b o u t  0 . 0 4  a r c  seconds  o f  a q i v e n  d i r e c t i o n  for e x p o s u r e  
p e r i o d s  o f  1 0  to 40 h o u r s ,  an improvement i n  t h e  d e t e c t i o n  o f  
f a i n t  s o u r c e s  of s e v e r a l  s t e l l a r  m a g n i t u d e s  s h o u l d  b e  p o s s i b l e  
compared w i t h  t h e  p r e s e n t  d e t e c t i o n  l i m i t  o f  t h e  2 0 0  i n c h  
!It. Palomar r e f l e c t o r .  By p r o p e r  s e l e c t i o n  o f  t h e  o r b i t  
i n c l i n a t i o n ,  comparable  exposure  p e r i o d s  c o u l d  be o b t a i n e d  
I'ur* selecLeCi r e g i o r i s  or^ iiie s k y  fr+orri E a r t h  ~ ~ G l t a l  spacec iTaf t .  
However, i n  t h i s  mode of o p e r a t i o n  t h e r m a l  p rob lems  may b e  
i n t r o d u c e d  b y  t h e  p a s s a g e  from s u n l i q h t  t o  d a r k n e s s  on e a c h  
o r b i t .  There  c o u l d  a l s o  be  a n  a d v a n t a g e  to t h e  f l y b y  mode i f  
i t  i s  d e t e r m i n e d  t h a t  t h e  Zod iaca l  l i g h t  background i s  r e d u c e d  
b y  moving t h e  t e l e s c o p e  a w a y  f rom t h e  E a r t h .  

A s k y  s u r v e y  shou ld  be made t o  c o u n t  f a i n t  s t a r s  i n  
o u r  own g a l a x y  and t h e  ave rage  number o f  g a l a x i e s  as a func-  
t i o n  of d i s t a n c e  ( d e t e r m i n e d  b y  t h e  r ed  s h i f t ) .  Once t h e  s k y  
s u r v e y  i s  r e c o r d e d  on f i l m ,  t h e  s o u r c e s  o f  i n t e r e s t  would t h e n  
b e  c a l i b r a t e d  p h o t o e l e c t r i c a l l y  by c o u n t i n g  p h o t o n s  from t h e  
s o u r c e  r e g i o n  and compar ing  t h i s  l e v e l  w i t h  t h e  n e i g h b o r i n g  s k y  
background .  

A p o s s i b l e  e x t e n s i o n  o f  t h e  f a i n t  s o u r c e  d e t e c t i o n  
e x p e r i m e n t  i s  t h e  measurement of  t h e  s p e c t r a  o f  t h e s e  s o u r c e s .  
One a d v a n t a g e  i n  making t h e s e  measurements  i n  s p a c e  i s  t h e  
a b s e n c e  of  a n  a i r g l o w  spec t rum O f  t h e  n i g h t  s k y  which  p r o v i d e s  
a n  e f f e c t i v e  n o i s e  background a t  E a r t h .  S p e c t r a l  da ta  c o u l d  b e  
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used  t o  c o r r e l a t e  v e l o c i t i e s  of d i s t a n t  g a l a x i e s  ( r e d  s h i f t  
measurement)  w i t h  a p p a r e n t  magni tudes (as  a measure o f  d i s t a n c e )  
t o  f u r t h e r  t e s t  Hubble ' s  law. Also s t e l l a r  s p e c t r a  i n  t h e  n e a r  
i n f r a r e d  and u l t r a v i o l e t  a r e  of i n t e r e s t  i n  d e t e r m i n i n g  s t e l l a r  
s t r u c t u r e  and compos i t ion .  

Another advan tage  of  t h e  f lyby-based  t e l e s c o p e  i s  t h e  
p o s s i b i l i t y  o f  u n i n t e r r u p t e d  o b s e r v a t i o n  o f  v a r i a b l e  s o u r c e s .  
T h i s  i s  e s p e c i a l l y  t r u e  f o r  q u a s a r  i n t e n s i t y  f l u c t u a t i o n s ,  where 
s e v e r a l  d a y s  of  u n i n t e r r u p t e d  o b s e r v a t i o n  a t  s e v e r a l  wave leng ths  
may shed new l i g h t  on t h e  s t r u c t u r e  o f  t h e s e  o b j e c t s .  

O b s e r v a t i o n s  o f  Mercurv 

As i t  i s  t h e  c l o s e s t  p l a n e t  t o  t h e  s u n ,  i n f o r m a t i o n  on 
Mercury i s  i m p o r t a n t  t o  o u r  u n d e r s t a n d i n g  of  t h e  s o l a r  sys t em.  
I n  a d d i t i o n ,  t h e  unusua l  r e l a t i o n s h i p  between i t s  p e r i o d  of  
r e v o l u t i o n  and i t s  s p i n  p e r i o d  leads t o  a s u b s t a n t i a l  amount o f  
uneven h e a t i n g  of t h e  s u r f a c e .  It  has been  e s t i m a t e d  t h a t  t h e  
t o t a l  e n e r g y  absorbed  a t  t h e  p e r i h e l i o n  s u b s o l a r  p o i n t  i s  2 . 5  
times g r e a t e r  t h a n  t h e  p o i n t  90"  away on t h e  e q u a t o r , ( l 2 )  t h i s  
d i f f e r e n c e  h a v i n g  been ma in ta ined  f o r  pe rhaps  a c o n s i d e r a b l e  
f r a c t i o n  of t h e  p l a n e t ' s  h i s t o r y .  T h i s  may have l e d  t o  
permanent  changes i n  t h e  s u r f a c e  p r o p e r t i e s ,  as a f u n c t i o n  
o f  l o n g i t u d e ,  which may b e  observed  o p t i c a l l y  o r  i n  t h e  
i n f r a r e d .  

U n f o r t u n a t e l y  Mercury i s  a ve ry  d i f f i c u l t  p l a n e t  
t o  o b s e r v e  from E a r t h .  A s  i t  n e v e r  g e t s  more iiiaii 28" 1 n---- L'UI11 

t h e  s u n ,  o p t i c a l  o b s e r v a t i o n s  from t h e  E a r t h ' s  s u r f a c e  
are handicapped  e i t h e r  b y  d a y l i g h t  v iewing  f o r  small  z e n i t h  
a n g l e s ,  o r  b y  ex t reme a tmospher i c  d i s t o r t i o n  f o r  n i g h t t i m e  
v iewing .  ( A t  t imes when t h e  s u n  i s  below t h e  h o r i z o n  and 
Mercury i s  s t i l l  i n  s i g h t ,  i t  must be  viewed th rough  t h e  
e q u i v a l e n t  of  s e v e r a l  E a r t h  a t m o s p h e r e s . )  

Obse rva t ions  from E a r t h  o r b i t  would p r o v i d e  a 
c o n s i d e r a b l e  improvement, as  t h e r e  i s  no a tmosphe r i c  d i s -  
t o r t i o n .  A r b i t r a r i l y  assuming tha t  t h e  t e l e s c o p e  l i n e  o f  
s i g h t  i s  k e p t  a t  l e a s t  l o o  from t h e  Ear th-sun  l i n e  ( t o  
minimize  t h e  s c a t t e r  o f  s u n l i g h t  down t h e  t e l e s c o p e  b a r r e l ) ,  
t h e  minimum d i s t a n c e  t o  Mercury i s  a b o u t  0 . 5 4  A U ,  a l t h o u g h  
a t  t h i s  t i m e  t h e  phase  a n g l e  (sun-Mercury-observer)  i s  n e a r l y  
160". For a phase  a n g l e  o f  90" t h e  minimum d i s t a n c e  i s  abou t  
0 . 8 7  A U .  F i g u r e s  26 and 2 7  i l l u s t r a t e  t h e  o b s e r v a t i o n  geometry 
of  Mercury from t h e  f l y b y  s p a c e c r a f t  d u r i n g  t h e  two p a s s a g e s  
of  Venus on t h e  1977 encoun te r  m i s s i o n ,  and T a b l e  V t a b u l a t e s  
t h e  p e r t i n e n t  da t a .  So t h a t  t h i s  data  may b e  compared w i t h  
t h e  E a r t h  o r b i t a l  o b s e r v a t i o n s ,  a n  o p t i c a l  r e s o l u t i o n  f i g u r e  
of m e r i t  i s  i n d i c a t e d  i n  t h e  f a r  r i g h t  column. With t h e  
same t e l e s c o p e  i n  E a r t h  o r b i t ,  t h i s  f i g u r e  of  mer i t  would be 
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1 . 5 8  when Mercury i s  c l o s e s t  t o  E a r t h ,  w i t h  a minimum 
v a l u e  o f  abou t  0 . 8 7 .  
on t h e  f l y b y  m i s s i o n  when t h e  b e s t  l i n e a r  r e s o l u t i o n  o b t a i n a b l e  
a t  t h e  s u r f a c e  of  Mercury would be a p p r o x i m a t e l y  a f a c t o r  
o f  two b e t t e r  t h a n  c o u l d  b e  ach ieved  from E a r t h  o r b i t ,  :.e. , 
a f i g u r e  o f  m e r i t  as low as 0 . 4 4 .  

I n  o t h e r  words ,  t h e r e  are  p e r i o d s  

I n f r a r e d  o b s e r v a t i o n s  would a l s o  b e  v a l u a b l e ,  
and  a g a i n  a p p r o x i m a t e l y  a f a c t o r  o f  two improvement i n  l i n e a r  
r e s o l u t i o n  c o u l d  b e  a c h i e v e d .  I n  p a r t i c u l a r ,  on J . D .  2443276.5 
Mercury i s  a t  a minimum r a n g e  o f  0 . 3  A U  w i t h  n e a r l y  t h e  
f u l l  d i s k  i n  d a r k n e s s .  The  comparable  r a n g e  f rom E a r t h  
o r b i t  i s  0 . 5 4  A U .  

The N a t u r a l  S a t e l l i t e s  o f  Mars 

The d i a m e t e r s  o f  Phobos and  Deimos have  b e e n  e s t i -  
mated a t  19 and 1 0  k i l o m e t e r s ,  r e s p e c t i v e l y ,  b a s e d  on a measured  
b r i g h t n e s s  and an assumed a l b e d o ,  s i n c e  t h e y  c a n n o t  b e  r e s o l v e d  
o p t i c a l l y  from E a r t h .  Phobos i s  t h e  o n l y  o b s e r v e d  s a t e l l i t e  
i n  t h e  s o l a r  sys t em whose o r b i t a l  p e r i o d  i s  s h o r t e r  t h a n  
t h e  s p i n  p e r i o d  of i t s  p r i m a r y .  I t s  l a r g e  a n g u l a r  momen- 
tum s u g g e s t s  t h a t  i t  i s  a c a p t u r e d  a s t e r o i d .  
p h o t o g r a p h s  of Phobos c o u l d  be compared w i t h  s i m i l a r  p h o t o s  
o f  known a s t e r o i d s  t o  s e a r c h  for s i m i l a r i t i e s .  

High r e s o l u t i o n  

The geometry o f  t h e  nomina l  e n c o u n t e r  d u r i n g  t h e  1977 
f l y b y  m i s s i o n  i s  shown i n  F i g u r e  28. 

i n g  t h e  e n c o u n t e r  t i m e  by a p p r o x i m a t e l y  one h o u r ,  b o t h  s a t e l l i t e s  
would have  moved i n t o  ex t r eme ly  f a v o r a b l e  v i e w i n g  p o s i t i o n s .  
T y p e s  o f  o b s e r v a t i o n s  which cou ld  b e  made i n c l u d e  g r o s s  o p t i c a l  
f e a t u r e s  such  as shape ,  d i a m e t e r ,  and  a l b e d o ,  and  p o s s i b l y  t h e  
c o o l i n g  r a t e  if t h e  s a t e l l i t e  is  e c l i p s e d  b y  Mars. It  s h o u l d  
a l s o  b e  n o t e d  t h a t  t h e r e  may be a d d i t i o n a l  s a t e l l i t e s  o f  Mars 
which  have  n o t  been  d e t e c t e d .  

I n  t h i s  c o n f i g u r a t i o n  b o t h  
s a t ~ l l i t ~ .  :qnljld h e  seer? f rom t h e  d z r k  s j d p .  E c ) : A T ~ I / ~ ~ ,  h ~ r  de- tox7-  " U A U J  

Decameter  Radio Emiss ion  from J u p i t e r  

Decameter r a d i a t i o n  (5-40 Mcps) i n  s h o r t ,  i n t e n s e  
b u r s t s  which seem t o  be  c o n f i n e d  t o  cones  o f  a b o u t  10' h a l f -  
a n g l e  has been  o b s e r v e d  coming f rom J u p i t e r .  
i t  has been  o b s e r v e d  t h a t  t h e  s a t e l l i t e  I o  seems t o  a f f e c t  b o t h  
t h e  p r o b a b i l i t y  t h a t  e m i s s i o n  w i l l  b e  r e c e i v e d  a t  E a r t h  and  t h e  
s p e c t r a l  c h a r a c t e r  o f  t h e  e m i s s i o n  above a b o u t  20 Mcps. (13) 
A p p a r e n t l y  t h e  e m i s s i o n  phenomenon depends  on t h e  f a v o r a b l e  
p o s i t i o n i n g  of b o t h  I o  and t h e  J o v i a n  l o n g i t u d e  as s e e n  f rom 
E a r t h .  
t i o n s  would a l l o w  a d e t e r m i n a t i o n  o f  i t s  c h a n g i n g  c h a r a c t e r  as 
t h e  I o - J o v i a n  l o n g i t u d e  geometry changes .  The geometry  o f  t h e  

More s p e c i f i c a l l y ,  

O b s e r v a t i o n s  o f  t h e  e m i s s i o n  f rom two d i f f e r e n t  p o s i -  
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1977 e n c o u n t e r  m i s s i o n  p r o v i d e s  t h e  o p p o r t u n i t y  t o  c a r r y  o u t  
s u c h  an  e x p e r i m e n t .  I n  p a r t i c u l a r ,  a t  t h e  t i m e  o f  Mars 
p a s s  age  t h e  s p a c e  c r a f  t - J u p i t  e r - E a r t h  a n g l e  i s  a p p r o x i m a t e l y  
2 0 ° .  The r a d i o m e t e r  equipment used  f o r  t h i s  expe r imen t  c o u l d  
have  s e v e r a l  a l t e r n a t e  u s e s ,  s u c h  as s i m u l t a n e o u s  d e c a m e t e r  
o b s e r v a t i o n s  o f  t h e  s u n  from t h e  f l y b y  s p a c e c r a f t  and  t h e  
E a r t h .  

O b j e c t s  of O p p o r t u n i t y  

The sudrlen appea rances  o f  comets  o r  a s t e r o i d s  n e a r  
us  i n  t h e  s o l a r  sys t em,  and novae o r  supe rnovae  i n  o u r  own 
or o t h e r  g a l a x i e s ,  p r o v i d e  a good s e c o n d a r y  r e a s o n  f o r  h a v i n g  
a n  o b s e r v a t o r y  a v a i l a b l e  t o  look i n  any d i r e c t i o n  on s h o r t  
n o t i c e .  I n  a d d i t i o n ,  i t  would b e  i n t e r e s t i n g  t o  r e t u r n  pho to -  
g raphy  o f  t h e  E a r t h ,  Mars and Venus t a k e n  from d i s t a n c e s  
r a n g i n g  from a f e w  t h o u s a n d  m i l e s  up t o  an  A s t r o n o m i c a l  Un i t  
t o  compare t h e i r  a p p e a r a n c e s  a t  d i f f e r e n t  d i s t a n c e s .  

5 . 0  P A Y L O A D  SELECTION AND MISSION RETURN 

5 . 1  P a y l o a d  S e l e c t i o n  

S tudy  h a s  shown t h a t  e x p e r i m e n t  p a y l o a d s  on t h e  
o r d e r  o f  5 0 , 0 0 0  l b s  can  b e  e f f e c t i v e l y  u t i l i z e d  on a manned 
p l a n e t a r y  e n c o u n t e r  m i s s i o n .  T h i s  p a y l o a d  w e i g h t  i s  com- 
p a t i b l e  w i t h  e s t i m a t e s  o f  a l lowed  p a y l o a d  a s suming  a S a t u r n  V 
t e c h n o l o g y  based program. C o n s i s t e n t  w i t h  t h e  s c i e n t i f i c  
o b j e c t i v e s  and p r o b e  depioymeni  s'Li;ategy o i i t l l n e d  earlier, 
t h e  f o l l o w i n g  p r e l i m i n a r y  pay load  s e l e c t i o n  i s  made. 

F i r s t  Venus Passage  Weight 

( 2 )  M e t e o r o l o g i c a l  B a l l o o n  P r o b e s  3280 l b s  
( 6  B a l l o o n s  e a c h )  

(1) B a l l o o n  T r a c k i n g  and Data 
R e l a y  O r b i t e r  5750 

(4) Venus Lander  P robes  3600 

( 4 )  Pho to  S i n k e r  P robes  1 5 3 2  If 

Tot a1 14 ,162  l b s  
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Mars Passage  

(3) Mars S u r f a c e  Sample Recovery 
Probes  
(Each e s t a b l i s h i n g  a remote  
geophys ic s  and  b i o l o g i c  
s t a t i o n  i n  a d d i t i o n  t o  r e t u r n -  
i n g  s u r f a c e  m a t e r i a l )  

Weight 

1 4 , 1 5 1  l b s  

Second Passage  

Same as F i r s t  Pas sage  1 4 , 1 6 2  l b s  

Assuming a 5 0 , 0 0 0  l b  expe r imen t  pay load  c a p a b i l i t y ,  
t h i s  l e a v e s  abou t  7 , 5 0 0  l b s  f o r  expe r imen t s  on boa rd  t h e  f l y b y  
v e h i c l e .  Major i t e m s  here i n c l u d e  t h e  one meter d i f f r a c t i o n -  
l i m i t e d  t e l e s c o p e ,  t h e  b i o l o g i c a l  l a b o r a t o r y ,  and a microwave 
mapping radar sys t em.  

5 . 2  Miss ion  Re tu rn  - S c i e n t i f i c  

O r i g i n  and E v o l u t i o n  o f  t h e  E a r t h ,  Sun, and P l a n e t s  

are  b a s e d  on e x t r a p o l a t i o n  from knowledge o f  t h e i r  p r e s e n t  
p h y s i c a l  and chemica l  s t a t e s .  I m p o r t a n t  p r o p e r t i e s  of  t h e  
v a r i o u s  s o l a r  sys t em e lements  which w i l l  b e  i n v e s t i g a t e d  b y  
t h e  f l y b y  expe r imen t  program i n c l u d e  t h e  a p p e a r a n c e  of  Mars, i t s  
moons , Venus , iv7ercur.y , ar~ci iile a s t e i w i d s  ; compositlon of the ‘  
Mars s u r f a c e  and t h e  atmospheres  o f  Mars and Venus; p o s s i b l e  
d i s t r i b u t i o n  and d e n s i t y  o f  i n t e r p l a n e t a r y  d u s t ;  and t h e  s t a t e  
o f  t h e  Mars i n t e r i o r ,  as de termined  b y  s u r f a c e  and o r b i t a l  
g e o p h y s i c s  measurements .  Knowledge of  t h e s e  parameters, i n  
p a r t i c u l a r  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  between t h e  new 
b o d i e s  unde r  i n v e s t i g a t i o n  and t h e  E a r t h ,  p r o v i d e s  i m p o r t a n t  
c o n s t r a i n t s  which t h e  v a r i o u s  h y p o t h e s e s  o f  p l a n e t a r y  o r i g i n  
and  e v o l u t i o n  must s a t i s f y .  As t ronomica l  o b s e r v a t i o n s  o f  
o t h e r  s t a r s  a t  d i f f e r e n t  s t a g e s  of  development w i l l  a i d  i n  
u n d e r s t a n d i n g  t h e  o r i g i n  and h i s t o r y  o f  t h e  s u n .  

I n f e r e n c e s  as t o  t h e  o r i g i n  o f  t h e  E a r t h  and p l a n e t s  

-- 

The O r i g i n  and E v o l u t i o n  o f  L i f e  

Samples r e t u r n e d  from s e v e r a l  areas on t h e  Mars 
s u r f a c e  w i l l  b e  i n v e s t i g a t e d  f o r  l i f e  forms;  t h e s e  c o u l d  b e  
c u r r e n t  or f o s s i l  l i f e .  The r e s u l t s  of t h i s  i n v e s t i g a t i o n ,  
c a r r i e d  o u t  b o t h  on boa rd  the  manned s p a c e c r a f t  a n d ,  subse -  
q u e n t l y ,  i n  an  earth-based l a b o r a t o r y ,  s h o u l d  e s t a b l i s h  t h e  
e x i s t e n c e  or a b s e n c e  o f  l i f e  on Mars. Supplementary  measure- 
ments t o  e s t a b l i s h  t h e  p r e s e n t ,  and p e r h a p s  p a s t ,  chemica l  and 
p h y s i c a l  a s p e c t s  of t h e  b i o l o g i c  envi ronment  ( c h e m i c a l  
c o m p o s i t i o n ,  t e m p e r a t u r e ,  e t c . )  s h o u l d  shed  new l i g h t  on t h e  
mechanism of l i f e  development on E a r t h  and t h e  p o s s i b i l i t i e s  
f o r  s imi la r  (or d i s s i m i l a r )  development elsewhere i n  t h e  
s o l a r  sys t em.  
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Dynamic P r o c e s s e s  t h a t  Shape Man's T e r r e s t r i a l  Environment  

One of t h e  p r imary  f o r c e s  a f f e c t i n g  o u r  eve ryday  
l i v e s  i s  t h e  w e a t h e r ,  which can b e  d e s c r i b e d  as t h e  i n t e r -  
a c t i o n  be tween s o l a r  r a d i a t i o n  and  t h e  E a r t h ' s  a t m o s p h e r e ,  
w i t h  p e r t u r b i n g  e f f e c t s  due t o  t h e  E a r t h ' s  s u r f a c e  
( c o n t i n e n t s  and o c e a n s ) .  Under s t and ing  f e a t u r e s  o f  t h i s  
w e a t h e r  phenomenon, p e r h a p s  t o  t h e  p o i n t  of  a c c u r a t e  p r e -  
d i c t i o n  and l i m i t e d  c o n t r o l ,  would c e r t a i n l y  b e  a c o n s i d e r a b l e  
ach ievemen t .  W h i l e  much e x p e r i m e n t a l  and  t h e o r e t i c a l  work 
r ema ins  t o  b e  car.;.ied o u t  on o u r  own w e a t h e r  s y s t e m ,  i t  i s  
p r o b a b l e  t h a t  t h e  s t u d y  of  t h e  r u d i m e n t a r y  a s p e c t s  o f  a r ad i -  
c a l l y  d i f f e r e n t  w e a t h e r  sys tem,  as q u i t e  l i k e l y  e x i s t s  on b o t h  
Mars and  Venus,  w i l l  p r o v i d e  new i n s i g h t  i n t o  t h e  work ing  o f  
o u r  own a tmosphere .  Obvious p a r a m e t e r s  of  i m p o r t a n c e  t h a t  
a r e  v a r i e d  by s t u d y i n q  Mars and Venus a r e  s o l a r  ene rgy  f l u x ,  
mass and  c o m p o s i t i o n  o f  t h e  a tmosphere ,  r o t a t i o n  r a t e  o f  t h e  
p l a n e t ,  and  p h y s i c a l  n a t u r e  o f  t h e  s u r f a c e .  

The i n v e s t i g a t i o n  of  a n o t h e r  p l a n e t  a t  a d i f f e r e n t  
s t age  o f  g e o l o g i c  e v o l u t i o n ,  w i t h  d i f f e r e n t  d e g r e e s  of b o t h  
i n t e r n a l  and e x t e r n a l  a c t i v i t y ,  s e r v e s  t o  i s o l a t e  and  e m -  
p h a s i z e  t h e  r o l e  v a r i o u s  f a c t o r s  p l a y  i n  t h e i r  complex i n t e r -  
a c t i o n  on E a r t h .  F o r  example i f  i t  were found t h a t  Venus had  
a m o l t e n  c o r e  b u t  no magnet ic  f i e l d ,  t h i s  would c e r t a i n l y .  p ro -  
v i d e  new i n s i g h t  i n t o t h e  dynamo-type m a g n e t i c  f i e l d  g e n e r a t i o n  

w e  b e l i e v e  takes  p l a c e  w i t h i n  t h e  E a r t h .  Such a s i t u a t i o n  
c o u l d  c a l l  f o r  a r e a p p r a i s a l  o f  c u r r e n t  t h e o r i e s .  The 
r e s u l t s  would,  i n  g e n e r a l ,  be  a p p l i c a b l e  t o  a i l  t n e  p i a n e t s .  

5 . 3  M i s s i o n  R e t u r n  - T e c h n o l o g i c a l  

The t e c h n o l o g i c a l  a p p l i c a t i o n  o f  data  d e r i v e d  f rom 
t h e  Mars e n c o u n t e r  m i s s i o n  has two r e l a t e d  f u n c t i o n s :  f i r s t ,  
t o  v e r i f y  t h a t  manned Mars l a n d i n g  i s  a f e a s i b l e  g o a l ;  and  
s e c o n d ,  t o  d e t e r m i n e  t h e  p h y s i c a l  a s p e c t s  o f  t h e  p l a n e t  
env i ronmen t  which w i l l  a f f e c t  t h e  p l a n n i n g  and pe r fo rmance  o f  
s u c h  a m i s s i o n .  The s u c c e s s f u l  per formance  of  t h e  MSSR 
p r o b e  s h o u l d  d e m o n s t r a t e  manned Mars l a n d i n g  f e a s i b i l i t y .  
E n v i r o n m e n t a l  data  c o l l e c t e d  by t h e  p r e c u r s o r y  unmanned p ro -  
gram, c o u p l e d  w i t h  t h e  e n c o u n t e r  m i s s i o n  s o f t  l a n d e r  e x p e r i -  
ments  and  sample  r e t u r n ,  s h o u l d  p r o v i d e  an a d e q u a t e  c h a r a c t e r -  
i z a t i o n  t o  p r o c e e d  w i t h  t h e  fo l low-on program. 

I n  t h e  c a s e  o f  Venus t h e  complex i ty  o f  t h e  e n v i r o n -  
ment ,  combined w i t h  o u r  l a c k  o f  s u f f i c i e n t  d a t a  t o  d e s c r i b e  
i t ,  s u g g e s t  t h a t  t h e  r o l e  of  t h e  t e c h n o l o g i c a l  r e t u r n  w i l l  b e  
t o  d e t e r m i n e  j u s t  what s h a p e  t h e  s u b s e q u e n t  c o u r s e  o f  manned 
e x p l o r a t i o n  s h o u l d  a c t u a l l y  take .  I n  t h e  e v e n t  t h a t  manned 
l a n d i n g  i s  r u l e d  o u t  f o r  some t i m e  t o  come, t h e  da ta  gathered 
d u r i n g  t h e  e n c o u n t e r  m i s s i o n  w i l l  p r o b a b l y  b e  u s e d  t o  de t e r -  
mine t h e  d e s i g n  and per formance  p a r a m e t e r s  f o r  s e c o n d  
g e n e r a t i o n  p r o b e s  which m i g h t  work i n  c o n j u n c t i o n  w i t h  a 
manned Venus o r b i t e r  m i s s i o n .  
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T e c h n o l o g i c a l  r e t u r n  b e a r i n g  on t h e  o v e r a l l  m i s s i o n  
may b e  c o n s i d e r e d  i n  terms of  two v e r y  g e n e r a l  b u t  i n t e r r e l a -  
t e d  a r e a s :  f i r s t ,  a n  e v a l u a t i o n  o f  t h e  pe r fo rmance  o f  b o t h  man 
and  t h e  s p a c e c r a f t  ( i n c l u d i n g  a l l  s u b s y s t e m s )  as a measure  of 
t h e  t e c h n o l o g i c a l  r e q u i r e m e n t s  t o  c o n t i n u e  and  e x t e n d  o u r  
s p a c e  e x p l o r a t i o n  c a p a b i l i t i e s ;  and  s e c o n d ,  an  e v a l u a t i o n  o f  
t h e  manned e n c o u n t e r  ( f l y b y )  m i s s i o n  as a c o m p e t i t i v e  mode o f  
p l a n e t a r y  e x p l o r a t i o n .  S p e c i f i c  p o i n t s  r e l a t e d  t o  t h e  f i r s t  
a rea  c i t e d  above i n c l u d e  t h e  p h y s i o l o g i c a l  and p y s c h o l o g i c a l  
e f f e c t s  o f  l o n g  t e r m  e x p o s u r e  t o  z e r o  g r a v i t y  and  conf inemen t  
when no l o n g e r  i n  E a r t h  o r b i t  and  t h e  pe r fo rmance  of  t h e  
s p a c e c r a f t  w i t h  r e g a r d  t o  q e n e r a l  r e l i a b i l i t y  and  r epa i r -  
a b i l i t y  e f f e c t i v e n e s s ,  Regard ing  t h e  second  a r e a ,  t h e  
i m p o r t a n c e  o f  e v a l u a t i n g  e n c o u n t e r  ( f l y b y )  as a mode o f  e x p l o r a -  
t i o n  can  be  a p p r e c i a t e d  when i t  i s  r e a l i z e d  t h a t  as o u r  s o l a r  
s y s t e m  e x p l o r a t i o n  program d e v e l o p s ,  t h e r e  w i l l  b e  a n  i n c r e a s i n g  
number o f  o b j e c t s  which man w i l l  w i s h  t o  i n v e s t i g a t e  c l o s e l y  
w i t h o u t  e v e r  commit t ing  h i m s e l f  t o  an  o r b i t  or l a n d i n g  mode. 
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TABLE I 

UNMANNED PLANETARY FLYBY M I S S I O N  PARAMETERS 

1971 MARS ( I )  

1972 VENUS ( I )  

1973 MARS ( I )  

EARTH DEPARTURE PLANET ENCOUNTER 
C, (km21sec2) V, (km/sec) 

8 . 2  - 9.6 

13.3 - 29.1 
15.0 - 21.5 

1973 VENUS ( I )  14.0 - 21.6 
1973 VENUS ( 1  I )  7.7 - 9.0 

1975 MARS u) 21.0 - 26.0 

2.8 - 2.9 
3.8 - 5.6 
2.4 - 3.0 
3.0 - 4.4 
4.5 

2.4 - 3.6 
1975 MARS ( I  I )  13.6 - 19.3 2.4 - 2.9 
1975 VENUS ( I )  7.0 - 12.5 3.0 - 3.4 
1975 VENUS ( I  I )  6.8 - 12. I 3.0 - 3.7 
1977 MARS ( I )  20.0 - 29.0 2.4 - 3.6 
1977 MARS ( 1 1 )  11.0 - 13.6 ,- 2.4 - 2.6 
1977 VENUS ( I )  7.9 - 9.4 4.1 - 4.6 

NOTES: ( I )  I N  THE M I S S I O N  COLUMN, " 1 "  AND " I I "  I D E N T I F Y  TYPE 1 AND 
TYPE I I  TRAJECTORIES, RESPECTIVELY. 

(2) THE DATA ARE BASED ON P E R l A P S l S  ALT ITUDES OF 1000 km 
AND 2000 km AT MARS AND VENUS, RESPECTIVELY. 

f 
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TABLE I I I 

BALLOON TRACKING AND DATA RELAY ORBITER 
SUBSYSTEM WEIGHT BREAKDOWN 

ORB I TAL SPACECRAFT 

POWER SUBSYSTEM 

COMMUNICATION SUBSYSTEM 

ATTITUDE CONTROL 

STRUCTURE 

EQU I PMENT 

PROPULSION STAGE I I 

PROPELLANT ( I S p  325 SEC) 

I NERT WE I GHT 

PROPULSION STAGE I 

PROPELLANT ( I S p  325 SEC) 

INERT WEIGHT 

180 LBS. 

I 5 0  

80 

65 

35 

I065 

I35  

3590 

450 

510 LBS 

1200 LBS 

4040 LBS 

5750 LBS 



TABLE I V  

MSSR PROBE SUBSYSTEM WEIGHTS 

RENDEZVOUS ROCKET 9 IO 

SAMPLE ACQU I S I T  I ON SUBSYSTEM 88 

GEOPHYSICS EXPERIMENTS I80 

ADDIT IONAL EXPERIMENTS I O 0  

F L I G H T  CONTROL SENSORS AND ELECTRONICS 60 

RADARS 43 

COMMUN I CAT1 ONS I NCLUD I NG ANTENNAS 70 

DATA HANDLING 30 

POWER 243 

ATTITUDE CONTROL PROPULSION 50 

CABLING 80 

SPACEFRAME 760 

LAND I NG PROPULS I ON 900 

AEROSHELL 578 

INJECTION PROPULSION 380 

S T E R I L I Z A T I O N  CANISTER 405 

GROSS WT. 4717 LBS 
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TRAJECTORY SYMBOLS 
A SPACECRAFT 
@I EARTH 

DATE POS IT IOM DAYS INTO MISSION 

0 JAN. 23, 1977 
74 

149 (VENUS ENCOUNTER) JUNE 21, 1977 
245 
345 (MARS ENCOUNTER) JAN. 3, 1978 
459 
574 (VENUS ENCOUNTER) AUG. 20, 1978 
645 
7 1 6  (EARTH ENTRY) JAN. 9, 1979 

FIGURE 2 - 1977 TRIPLE PLANET MISSION SOLAR ORBIT GEOMETRY 
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\ NORTH \ 
POLE \ 

FIGURE 3 - FIRST VENUS ENCOUNTER - PROJECTION I N  THE FLYBY PLANE 



SUB-SOLAR 
PO I N T  

VIEW ON ARRIVAL 

T I  -EARTH 
PO I N T  

VIEW ON DEPARTURE 

FIGURE 9 - F I R S T  VENUS ENCOUNTER - VIEW ON ARRIVAL AND DEPARTURE 
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6;' D I A .  I 

' I  I I  7 9' 
ACS JET 

/- N O Z Z L E  
CLUSTER ( 4 )  

3 

- 
-CYL I NDR ICAL 

SOLAR C E L L  
ARRAY - io0 FT* 
BALLOON 

TRACK I NG ANTENNA 
55" x 55" SQUARE 

ARRAY 

\ 

F I G U R E  IO - BALLOON TRACKING AND DATA RELAY O R B I T E R  



A L T I T U D E  = 4,000 KM 
O R B I T  R A D I U S  =10,050 KM 

P E R I O D  = 3 . 0 8  HRS. 
O R B I T A L  V E L O C I T Y  = 5.65 KM/SEC 

F I G U R E  I I - BALLOON TRACKING AND DATA RELAY 
ORB ITER TRACK I NG GEOMETRY 



ANT 

FREE 

WEIGHT BREAKDOWN 

SC I E N T  I F I C I NSTRUMENTAT I ON 
COMMUN I CAT I ONS \ LANGMUIR PROBE 

PROPULSION 
STRUCTURE 
COOLANT 
STER I L I ZAT 

MOLECULE PRESSURE 
PROBE 

HEAT S H I E L D  

ION CANISTER 

TOTAL 

\ 
ENG I NE 

\ 
F U E L  TANK 

F I G U R E  12 - O U T L I N E  OF PHOTO S INKER PROBE 

79 LBS 
33 LBS 
26 LBS 

1 5 8  LBS 
12 LBS 
75 LBS 

383 LBS 



I 
MAX I MUM 
HEATING 

( T I M E  = I O  SEC) 

150 KM 
I I 

TERMINAL DESCENT # y HEAT 

BEG I N S  SH I ELD 
DISCARDED (TIME = 1 5  SEC) f 

I 
75 KW 

6olKM 

-L 
=E 
2 

T V  8 
OPERAT I ON T- - I 

IMPACT 
WITH 

SURFACE 
ME = 2000 

FIGURE 13 - PHOTO SINKER M I S S I O N  P R O F I L E  

SEC) 
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STERILIZATION CANISTER . / 

FIGURE 15 - VENUS LANDER PROBE GENERAL ARRANGEMENT 



I 

FIGURE 16 - MARS ENCOUNTER - PROJECTION I N  THE FLYBY PLANE 

I 



ANTI-EARTH 
P O I N T  

VIEW ON ARRIVAL 

SUB-SOLAR 
PO I N T  

V IEW ON DEPARTURE 

F IGURE 17 - MARS ENCOUNTER - V I E W  ON ARRIVAL AND DEPARTURE 





LAND I NG PO I NT 
N 

i/' i I 

LOCUS OF POSSIBLE ' \ 
LANDING POINTS 

f 

LIMB OF MARS 

MANNED V E H I C L E  
' V I E W E D  FROM 

TO MANNED VEHICLE - 

F I G U R E  19 - MSSR ENTRY AND LANDING GEOMETRY 
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LANDING LATITUDE (DEGREES SOUTH) 

FIGURE 21 - MSSR TARGETING 
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ENCOUNTER TRAJECTORY 

/ 
F I G U R E  23 - SECOND VENUS ENCOUNTER - PROJECTION I N  THE FLYBY PLANE 



SOUTH 
POLE 

VIEW OH ARRIVAL 

VIEW ON DEPARTURE 

FIGURE 24 - SECOND VENUS ENCOUNTER - VIEW ON ARRIVAL AND DEPARTURE 



The Zodiacal Liaht 
(The drawing i s  in  the plane of the ecliptic) 

Light Intensity of the Sky Background i n  Space vs. 9 (Schematic) 

A 
Zodiacal Light 

x + - .- 
& 52 
5: 
2 0 ,  
.EJ 3 

v) 

-I- 

0" 180" 

FIGURE 25 - ZODIACAL LIGHT 



SPACECRAFT 

b VERNAL 

EQU I NOX 
c-- 

3308.5 

0 SUN 
3 2 6 7  

J.D.-3252.5 

3k = VENUS ENCOUNTER 

FIGURE 26 - SUN-MERCURY-SPACECRAFT GEOMETRY ON FIRST VENUS PASSAGE 



SUN 

= VENUS ENCOUNTER 

VERNAL EQUINOX 

F I G U R E  27 - SUN-MERCURY-SPACECRAFT GEOMETRY ON SECOND VENUS PASSAGE 
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