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SECTION I 

INTRODUCTION 

T h i s  document d e s c r i b e s  s e v e r a l  p o s s i b l e  s c i e n t i f i c  o b j e c t i v e s  w i t h  

t h e i r  s u p p o r t i n g  e x p e r i m e n t s  and a l s o  p r o v i d e s  t h e  s c i e n t i f i c  i n f o r m a t i o n  

f o r  a p r e l i m i n a r y  mis s ion  s t u d y  of a L a r i n e r - t y p e  s p a c e c r a f t  t o  be f lown 

t o  t h e  p l a n e t  Venue i n  t h e  e a r l y  1970's. The s t u d y  w a s  p repa red  as a 

j o i n t  commit tee  e f f o r t  by t h e  F u t u r e  l T o j e c t s  O f f i c e  and t h e  Space 

S c i e n c e s  D i v i s i o n  of t h e  J e t  P ropu l s ion  Labora to ry  

A l a u n c h  v e h i c l e  w i t h  a t  l eas t  t h e  c s r a b i l i t i e s  of an  A.tlas/Centaur 

can  be  assumed f o r  t h i s  mi s s ion .  T h i s  means a Mariner- type s p a c e c r a f t  

weighing  upward from 1,500 pounds. T h i s  o r d e r  of  c a p a b i l i t y  s u g g e s t s  

the p o s s i b i l i t y  of more t h a n  a s imgle  flyby m i s s i o n ;  r a t h e r ,  a prel imi-  

n a r y  a n a l y s i s  i n d i c a t e s  t h a t  perhaps  t h r e e  t y p e s  of mis s ions  a r e  p r a c t i -  

c a l :  (1) f l y b y  o n l y ,  ( 2 )  Venus c a p s u l e  o n l y ,  and ( 3 )  f lyby /capsu le  

c ombina t i o n .  

The f lyby-on ly  mis s ion  i s  a t t r a c t i v e  i n  t h a t  i t  is a compara t ive ly  

e a s y  m i s s i o n  t o  per forn :  and i t  o f f e r s  a h i g h  p r o b a b i l i t y  of o b t a i n i n g  

sone  of  t h e  n e c e s s a r y  Venus s c i e n t i f i c  d a t a .  However, n o t e  t h a t  it is  

e x t r e m e l y  d i f f i c u l t ,  from a f l y b y  s p a c e c r a f t ,  t o  o b t a i n  unamibiguous 

i n f o r m a t i o n  o n ,  s a y ,  t h e  t e m p e r a t u r e ,  p r e s s u r e ,  d e n s i t y ,  e t c  . , of t h e  

C y t h e r e a n  atmosFhere as a f u n c t i o n  of a l t i t u d e ,  o r ,  s a y ,  t h e  h a r d n e s s  

- 1 -  



of t h e  p l a n e t a r y  s u r f a c e .  

omits t h e  p l a n e t a r y  measurements t h a t  can  be made from t h e  f l y b y  space -  

c r a f t  c o n c e r n i n g  c l o u d  s t r u c t u r e ,  s u r f a c e  s t r u c t u r e ,  and compos i t ion  

of t h e  uppe r  a tmosshe re .  It is a l a 0  d i f f i c u l t  t o  per form a c a p s u l e -  

o n l y  m i s s i o n  w i t h  t h e  many env i ronmen ta l  and mechaniza t ion  u n c e r t a i n -  

t i e s  r e d u c i n g  t h e  p r o b a b i l i t y  of miss ion  s u c c e s s .  

A t  t h e  same t i m e ,  t h e  capsu le -on ly  mis s ion  

O f  t h e  t h r e e  m i s s i o n s ,  t h e  f l y b y / c a p s u l e  combina t ion  is t h e  most 

i n t e r e s t i n g ,  s i n c e  i t  h a s  t h e  p o t e n t i a l  f o r  p r o v i d i n g  t h e  h i g h e s t  

r e t u r n  i n  s c i e n t i f i c  i n f o r m a t i o n  . It not o n l y  p e r m i t s  d i r e c t  measurement 

of t h e  t e m p e r a t u r e ,  p r e s s u r e ,  and  d e n s i t y  of t h e  Cytherean  a tmosphere  as 

a f u n c t i o n  of a l t i t u d e ,  and pe rhaps  a n  order -of  -magnitude measurement of 

t h e  h a r d n e s s  of t h e  e u r f a c e ,  bu t  i t  a l s o  p e r m i t s  r a d a r  and microwave 

examina t ion  of t h e  p l a n e t a r y  s u r f a c e  as well as u l t r a v i o l e t  and infra- 

red e x a m i n a t i o n  of t h e  upper  a tmosphere.  These f a c t o r s ,  t o g e t h e r  w i t h  

a cer ta in  amount of redundancy of measurements between t h e  f l y b y  space -  

c r a f t  and  t h e  c a p s u l e ,  make t h i s  mi s s ion  v e r y  a t t r a c t i v e  s c i e n t i f i c a l l y .  

- 2 -  



SECTION I1 

THE PLANET VENUS 

A. ATMOSPHERE 

Accurate physical  knowledge of  t h e  p lane t  Venus was l imi t ed  s t r i c t l y  t o  

t h e  o r b i t a l  elements u n t i l  1932, when Adams and Dunham obtained spectroscophic  

evidence of  CO 

axial i n c l i n a t i o n  have become known only s ince  1962 from high-powered r ada r  

s t u d i e s .  An accura te  mass d e f i n i t i o n  r e su l t ed  from t h e  Mariner I1 f l i g h t  of  

1962. 

In s p i t e  of t h e  f a c t  t h a t  Venus approaches c l o s e s t  t o  Earth of a l l  t h e  p l ane t s ,  

our  knowledge of i t  is  s t i l l  very l imi t ed ,  and i t  w i l l  t ake  a r a t h e r  "heroic" 

approach t o  s i g n i f i c a n t l y  improve t h e  s i t u a t i o n .  

i n  t h e  atmosphere of  the planet .  The per iod of r o t a t i o n  and 2 

The r a d i u s  is st i l l  only poorly known due t o  t h e  p l a n e t ' s  t h i c k  clouds. 

Astrophysical  s tudy of Venus began with the  previously mentioned discovery 

Severa l  a t tempts  t o  determine t h e  abundance of CO of C02 i n  1932. 

a l though i t  seemed l i k e l y  t h a t ,  due t o  t h e  high opac i ty  of t h e  atmosphere, 

only a lower l i m i t  could be obtained;  t h a t  i s ,  the  absolu te  amount above some 

" e f f e c t i v e  r e f l e c t i n g  layer".  

20 m atrn t o  2000 m atm, al though recent  work by Chamberlain has ind ica ted  

t h a t  t h e  higher  values  a r e  probably much too  high. 

i n  reaching  an  accu ra t e  conclusion have been descr ibed i n  r a t h e r  pointed 

d e t a i l  by Chamberlain. 

followed, 2 

Such est imates  of  abundance have ranged from 

The r e a l  problems involved 

Furthermore, accurate  atmospheric s t r u c t u r e  and abundance 

- 3 -  
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determinat ions depend upon an accu ra t e  theory o f  s p e c t r a l  l i n e  formation. 

The atmosphere of Venus is o p t i c a l l y  th ick  and f u l l  o f  p a r t i c u l a t e  mat ter  

(c louds) .  

provide a secure  p i c t u r e  of t h e  atmosphere near t h e  cloud tops ,  t o  say noth- 

Nei ther  theory nor observat ions a r e  y e t  i n  a state s u f f i c i e n t  t o  

ing  about t h e  deeper atmosphere. 

atmosphere of  Venus? 

What then do we a c t u a l l y  know about t h e  

We do know that i t  conta ins  the  abovementioned C02. Kuiper and o t h e r s  

12  18 16 have i d e n t i f i e d  i s o t o p i c  bands due t o  13C02 and t o  

normal C02 with 12C and l60. A t  l e a s t  some CO must be present  as a d issoc ia-  

t i o n  product of  C02, but t h e  spectroscopic  i d e n t i f i c a t i o n  by Sin ton  i n  1962 

at 2.35~ must be considered t e n t a t i v e  s i n c e  i t  was 'lway down i n  t h e  noise". 

The 1963 "confirmation" of 1.5 cm atm of  CO by Moroz is unconvincing s ince  i t  

C 0 0, as well  as t h e  

c o n s i s t s  v i r t u a l l y  of  a simple statement by Moroz with no presenta t ion  of 

observa t iona l  evidence. 

I n  1959 Strong repor ted  t h e  poss ib le  ex is tence  of  H20 on t h e  p lane t  Venus, 

based on bal loon f l i g h t  observa t ions  by Moore and Ross. 

repor ted  1OOp of water vapor, based on observat ions of t h e  1 . 4 ~  band from 

Jungfraujoch. I n  1964 Bottema, Plummer, and Strong flew an improved (and 

t h i s  t i m e  unmanned) bal loon with a spectrograph using t h e  so-cal led Benedictine 

(mul t ip l e )  slits; they confirmed t h e  r e s u l t  reported i n  1959 f o r  t he  1 . 1 3 ~  H20 

band. They found 110-470p of H 0, the exact amount depending upon t h e  unknown 

"base l e v e l t 1  pressure.  Very mysteriously,  however, t h e  repeated a t tempts  made 

by Spinrad t o  de t ec t  i n d i c a t i o n s  of water vapor a t  

exis t ing s p e c t r a  and some new spec t r a  taken with t h e  very f i n e  1204.11. r e f l ec -  

t o r  at t h e  Lick Observatory at a d ispers ion  of 1.8 I/m, have u t t e r l y  f a i l e d .  

I n  1963 Dollfus  

2 

X 8180, using both t h e -  

- 4 -  
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4 

Spinrad ' s  abso lu t e  upper l i m i t  is 7 0 p  of  H20. 

clue about t h e  Venus atmospheric s t r u c t u r e ,  a l though i t  remains unexplained. 

Questions raised about t h e  c a l i b r a t i o n  o f  t h e  ba l loon  experiment a r e  being 

checked. 

This  may be a s i g n i f i c a n t  

I n  1963 Prokofyev and Petrova reported t h e  discovery of 0 on Venus from 2 

s t u d i e s  of t h e  o-band a t  16300. The observa t ions  seemed r a t h e r  marginal 

(a l though t h e  au tho r s  claimed firn: convic t ion) .  

Prokofyev i n  1964 were l i t t l e  b e t t e r  than t h e  ear l ier  observat ions.  

observa t ions  by Spinrad and Richardson d i spu te  t h i s  discovery.  Observations 

of t h i s  type are  d i f f i c u l t ,  a n d  d i f f e rences  here  could conceivably be caused 

by a c t u a l  changes on Venus, perhaps i n  cloud he ight .  

Fur ther  s t u d i e s  repor ted  by 

Other 

Nitrogen is a l s o  a major question. I n  1954 Kozyrev repor ted  auroral- type 

emission f e a t u r e s ,  which he a t t r i b u t e d  t o  N2 and N+ i n  t h e  atmosphere of  

Venus. 

ment with Kozyrev's r e s u l t .  

confirm Newkirk's (or Kozyrev's) e a r l i e r  work. Once aga in ,  observat ions are 

d i f f i c u l t  t o  make, r equ i r ing  de tec t ion  of a f a i n t  emission on t h e  dark s i d e  

o f  Venus immediately ad jacent  t o  the  b r i l l i a n t l y  r e f l e c t i n g  l i g h t e d  s i d e  at 

a time when t h e  p lane t  i s  r e l a t i v e l y  low on t h e  obse rve r ' s  horizon. Further-  

more, i t  i s  not expected t h a t  auroral- type emission w i l l  be constant  i n  time, 

but r a t h e r  a c l o s e  funct ion of s o l a r  a c t i v i t y .  This is  p a r t i c u l a r l y  t r u e  of 

a p l ane t  which has l i t t l e  o r  no magnetic f i e l d ,  as  is  apparent ly  t h e  case 

with Venus. 

2 

I n  1959 Newkirk repor ted  a p a r t i a l  confirmation and partial disagree-  

I n  1961 Weinberg and Newkirk were unable t o  

- 5 -  
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It might  b x p e c t e d  t h a t  ome a r g o n  should b found i t h e  Ve u s  

a tmosphere .  There  is no e a s y  way t o  v e r i f y  t h i s  f rom t h e  s u r f a c e  of t h e  

E a r t h  s i n c e  a r g o n  h a s  no  l o w - e x c i t a t i o n  a b s o r p t i o n  spec t rum.  Other  sub-  

s t a n c e s  have been s u c g e s t e d  from time t o  time as p o s s i b l e  c o n s t i t u e n t s  

of t h e  Venus a tmosphere  . None h a s  been i d e n t i f i e d  s p e c t r o s c o p i c a l l y .  

Only C 0 2  and i ts  i s o t o p e s  are a b s o l u t e l y  a c c e p t e d  by a l l  o b s e r v e r s  

as b e i n g  p r e s e n t  i n  t h e  a tmosphere  of Venus. Yet, i ndependen t  s t u d i e s  

by Kaplan ,  S p i n r a d ,  and Chamberlain a l l  a g r e e  t h a t  CO is a r e l a t i v e l y  

minor c o n s t i t u e n t  of t h e  Venus a tmosphe re ,  c o m p r i s i n g  pe rhaps  a few 

p e r c e n t  by mass. I t  is u s u a l l y  assumed t h a t  t h e  r ema inde r  of t h e  atmos-  

phe re  is N2 f o r  w a n t  of any b e t t e r  i d e a .  

2 

The b r i g h t n e s s  t e m p e r a t u r e  o f  Venus at microwave wave leng ths  is q u i t e  

h i g h .  Some v a l u e s  are g i v e n  i n  Tab le  1. A number of worke r s  have t r i e d  

t o  e x p l a i n  t h e s e  b r i g h t n e s s  t em1 ,e ra tu re s  a s  someth ing  o t h e r  t h a n  a t r u e  

s u r f a c e  t e m p e r a t u r e .  The Kariner IX o b s e r v a t i o n s  of l imb  d a r k e n i n g  made 

t h i s  t ask  much more d i f f i c u l t ,  and t h e  1965 paper  of C l a r k  and  Kuz'min 

on t h e  p o l a r i z a t i o n  a c r o s s  t h e  d i s k  of Venus a t  10.6 cm made i t  v i r t u a l l y  

i m p o s s i b l e ,  i n s i s t i n g  as i t  does  t h a t  t h e  r a d i a t i o n  comes from a compact 

s u r f a c e  . 
g i v i n g  a b o u t  2 3 4 O K ,  and apFea r  t o  r e f e r  t o  a l e v e l  in t h e  v i c i n i t y  of 

t h e  c l o u d  t o p s .  D e t a i l e d  s t u d i e s  on phase e f f e c t  and l imb-darkening  

r e s u l t s  have been made, p a r t i c u l a r l y  by Sagan and P o l l a c k ,  b u t  r e q u i r e  

c o n s i d e r a b l e  s p a c e  f o r  a d e q u a t e  e x p o s i t i o n .  

I 

The t e m p e r a t u r e s  a t  8-14 tc a r e  much l o w e r ,  most measurements 

I 

- 6 -  
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40 cm 
21.4 cm 
21 cm 
10 cm 

3.75 cm 
3.15 cm 

2.07 cm 
1.35 cm 

1.18 cm 

8.6 mm 

8.6 mm 
8.6 m 

8.5 mm 

8.35 IU 
8mm 
8mm 
4.3 mm 

4.3 mm 

4.3 mm 

3.2 

3.2 mm 

Table 1. Venus Microwave Brightness Temperatures 

409" ? >60° 

5950 f 6" 
6220 f 6" 
616" ? 400 
6120 700 
5000 ?: 700 
5200 ? 400 

+ 75" 

410" + 30" 
375" 2 52" 
353" f loo 

+ 72" 
380" 340 

395" f 60" 
427" ? 

528" 2 33" 

395" - 55" 

374" ?: 75" 

+ 50" 

+ 56" 

+ 57" 
300" .. ,270 
290" f 30° 

390" 2 120" 

350" 30" 

33'" - 360 

Drake (1964) 
Drake (1964) 
Davies (1964) 
Drake (1964)' 
Haddock and Dickel (1964) 
Mayer , McCullough, and Slomaker (1963) * 
KcCullough and Boland (1964) 
Gibson and Corbett (1963) 

S tae l in ,  Barrett, and Kusse (1964) 

Gibson (1963) 
T o l b e r t  and S t r a i ton  (1964) 
Coptland and Tyler (1964) 

Lynn, Meeks, and Sohigian (1964) 

Thornton and Welch (1964) 
Basharinov, e t  a1 (1964)* 
Kuz'min and Salomonovich (1963) 
Kislyakov, Kuz'min, and Salomonovich (1962) 

Grant ,  Corbe t t ,  and Gibson (1963) 

T o l b e r t  and S t ra i ton  (1964) 

T o l b e r t  and St ra i ton  (1964) 

iipst e i n  (1964 1 

These are mean temperatures (at phase angle near 90"). A l l  o thers  
were taken near i n f e r i o r  conjunction by observers who were unable  
t o  f ind any s ign i f i can t  phase effect .  

- 7 -  
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The p r i n c i p a l  f a c t  of conce rn  is a t h e r m a l  g r a d i e n t  of 8ome 4 5 O o K  

between t h e  c l o u d s  and s u r f a c e  of Venus. The t e m p e r a t u r e  l a p s e  ra te  is 

a t  most a d i a b a t i c  and p o s s i b l y  s u b - a d i a b a t i c .  

a tmosphere  and a v e r y  h igh  s u r f a c e  p r e s s u r e  of f rom 5 t o  pe rhaps  100 or 

more a t m o s p h e r e s ,  depending upon t h e  p r e s s u r e  a t  t h e  c l o u d  deck ,  e x a c t  

T h i s  i m p l i e s  a v e r y  t h i c k  

a t m o s p h e r i c  c o m p o s i t i o n ,  e t c .  It a l s o  r a i se s  t h e  q u e s t i o n  of how t h e  

e l e v a t e d  s u r f a c e  t e m p e r a t u r e s  are main ta ined .  What c a u s e s  t h e  t remen- 

dous  a t m o s p h e r i c  o p a c i t y ?  P r e s s u r e  broadened  CO CO and H20, C02 p l u s  

an  unknown a b s o r b e r  , t h e  c l o u d s  ( p a r t i c u l a t e  m a t t e r ) ,  and v a r i o u s  combi- 

2' 2 

n a t i o n ~  of t h e s e  have been sugges t ed  as s o u r c e s  of t h e  o p a c i t y .  J h t u a l l Y ,  

n e i t h e r  t h e o r y  no r  o b s e r v a t i o n 8  have been a d e q u a t e  t o  deal  w i t h  t h e  prob- 

lem, a l t h o u g h  a t  t h e  moment, t h e o r y  i s  pe rhaps  i n  be t t e r  shape  t h a n  o b s e r -  

v a t  i o n  

P o l l a c k  and  Sagan have emphasized t h e  u r g e n t  need f o r  a c c u r a t e  l imb-  

d a r k e n i n g  c u r v e s  a t  l a r g e  a n g l e s  t o  t h e  normal ,  a j o b  bes t  a t t e m p t e d  on 

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

r a t e  c l o u d - h e i g h t  d e t e r m i n a t i o n  by combining o p t i c a l  ( l a s e r )  and microwave 

radar measurements  f rom a f l y b y .  A l a s e r  might a l s o  a l l o w  d e t e r m i n a t i o n  

of a c c u r a t e  a l b e d o s .  Heeded ground-based work i n c l u d e s  ve ry  a c c u r a t e  

d e t e r m i n a t i o n s  of e q u i v a l e n t  w i d t h s  , t e m p e r a t u r e s ,  and  p r e s s u r e s  of a l l  

a c c e s s i b l e  CO 

a n g l e  at t h e  h i g h e s t  p o s s i b l e  d i s p e r s i o n  . A d d i t i o n a l  p o l a r i z a t i o n  o b s e r -  

v i b r a t i o n - r o t a t i o n  bands as a f u n c t i o n  of time and phase 2 

v a t i o n s  may a l s o  be u s e f u l ,  bo th  of Venuo, w i t h  t e l e s c o p e  and from space -  

c r a f t ,  and i n  t h e  l a b o r a t o r y .  Frobe s p e c t r o s c o p y  i n  t h e  i n f r a r e d  and  

u l t r a v i o l e t  r e g i o n s  w i l l  be n e c e s s a r y  . 
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The clouds remain one of  t h e  g r e a t  myster ies  of  Venus. Accepting Bottema, 

Plummer, and St rong ' s  water vapor abundance, i t  seems un l ike ly  t h a t  i c e  clouds 

could form at t h e  temperatures and pressures  e x i s t i n g  i n  t h e  clouds. There 

are enough p o s s i b i l i t i e s  of e r r o r  here ,  however, t o  make i t  unwise t o  d i sca rd  

t h e  i c e  hypothesis  a l t o g e t h e r ,  e spec ia l ly  s ince  no good s u b s t i t u t e  ma te r i a l  

has been suggested i n  p lace  of  i c e .  

Suggest ive observa t ions  of cusp extension at i n f e r i o r  conjunction and l a c k  

of  coincidence of  v i s u a l  and geometric dichotomy on Venus have been made fo r  

years.  There has been no s e r i o u s  published attempt t o  work on the  theory of  

s c a t t e r i n g  i n  a s p h e r i c a l  geometry t o  attempt t o  i n t e r p r e t  t hese  observat ions.  

Norton is p resen t ly  working on such a theory. 

Scale-height information e x i s t s  for  t h e  upper atmosphere of Venus (consid- 

e rab ly  above t h e  c louds) ,  based upon observat ions of t h e  1959 occu l t a t ion  of 

Regulus by Venus. 

t h e  lower atmosphere. 

This  information is not p a r t i c u l a r l y  use fu l  i n  r e l a t i o n  t o  

Considerable information about Venus has  been gained i n  t h e  pas t  decade. 

T h i s  information is only suggest ive,  however, and i s  not s u f f i c i e n t  t o  allow 

one t o  s e r i o u s l y  propose a d e l i n e a t i o n  of the atmosphere of Venus. 

composition is st i l l  unknown, as a r e  atmospheric th ickness  and su r face  pres- 

sure .  

measure t h e s e  q u a n t i t i e s ,  t he  problem will be d i f f i c u l t  t o  so lve ,  but perhaps 

not impossible ,  given a combined e f f o r t  of  ground-based astronomy and space- 

c r a f t  f lybys.  

The 

Until  a probe can a c t u a l l y  en te r  t h e  Venus atmosphere and d i r e c t l y  
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B . PLANETOLOGY 

Our knowledge of t h e  s o l i c  body of t h e  p l a n e t  Venus is p r e s e n t l y  

l i m i t e d  by t h e  c l o u d  deck ,  which c o m p l e t e l y  o b s c u r e s  t h e  u n d e r l y i n g  6ur- 

f a c e .  T e l e s c o p i c  and pho tograph ic  o b s e r v a t i o n s  do n o t  r e v e a l  any s h a r p  

p l a n e t a r y  f e a t u r e s .  Some i n d i s t i n c t  f e a t u r e s  and o c c a s i o n a l  d a r k  and 

l i g h t  s p o t s  have been  r e c o r d e d  and a t t r i b u t e d  t o  s u r f a c e  markings;  

however,  t h e y  g e n e r a l l y  l a c k  r e p r o d u c i b i l i t y  i n  p o s i t i o n  and shape  i n  

s e q u e n t i a l  o b s e r v a t i o n s .  I n f r a r e d  photographs  show no d e t a i l s ;  however,  

u l t r a v i o l e t  p h o t o g r a r h s  show bands  and o t h e r  a t m o s p h e r i c  markings t h a t  

seem t o  be  a normal  a l t h o u g h  changing  f e a t u r e  of t h e  v i s i b l e  d i s k  of t h e  

p l a n e t .  These o b s e r v a t i o n s  and the  high v i s u a l  a l b e d o  of t h e  p l a n e t  

c e r t a i n l y  s u g g e s t  a dense  c l o u d  cove r  t h a t  permanent ly  o b s c u r e s  t h e  

s o l i d  s u r f a c e  of Venus. 

Between F e b r u a r y  and  riugust 1964, e x t e n s i v e  r a d a r  o b s e r v a t i o n s  were 

made of Venus, ernploying one of t h e  &- foo t  p a r a b o l i c  a n t e n n a s  at t h e  

NASA/JPL Deep Space I n s t r u m e n t a t i o n  F a c i l i t y  l o c a t e d  a t  Golds tone  , C a l i -  

f o r n i a .  C a r p e n t e r ' s  a n a l y s i s  of t h e s e  d a t a  i n d i c a t e s  t h a t  Venus h a s  a 

s i d e r e a l  r o t a t i o n  period of -250 days (243 t o  254 days) with t h e  s p i n  a x i s  

o r i e n t e d  w i t h i n  20' of t h e  o r b i t  po le .  

t i a t e  t h e  e x i s t e n c e  of phys iog raph ic  f e a t u r e s  on t h e  p l a n e t a r y  s u r f a c e  . 
The o b s e r v a t i o n s  f u r t h e r  s u b s t a n -  

The o b s e r v e d  r a d i u s  of Venus i s  u s u a l l y  g i v e n  as 6200 km, b u t  t h e  

r a d i u s  t o  t h e  s o l i d  s u r f a c e  is n o t  known because  of u n c e r t a i n t y  abou t  

t h e  h e i g h t  of t h e  l a y e r s  of t h e  atmosphere t h a t  a r e  t a k e n  as t h e  o u t e r  

s u r f a c e .  Allowing 60 k m  f o r  t h i s  h e i g h t  l e a d s  t o  t h e  va lue  6140 km. 
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The c u r r e n t  v a l u e  for t h e  mass of Venus w a s  c a l c u l a t e d  from p e r t u r b a t i o n s  

on t h e  o r b i t  of I k r i n e r  11, and i s  g i v e n  as 4,86954 x lo2? grams. These 

figures g i v e  a d e n s i t y  of approx ima te ly  5 g/cm3, b u t  because  of t h e  t r u e  

r a d i u s  of  t h e  p l a n e t  n o t  b e i n g  known, e s t i m a t e s  of t h e  d e n s i t y  of Venus 

v a r y  from 4.8 t o  5.4 g/cm 3 . 
1-ieasurements of  t h e  o b l a t e n e s s  are  a l s o  of dub ious  va lue .  Models of 

i n t e r n a l  s t r u c t u r e  are d i f f i c u l t  t o  c o n s t r u c t  because  eo l i t t l e  i s  known 

abou t  Venus'  shape  o r  moment of i n e r t i a .  The r o t a t i o n a l  a n g u l a r  momentum 

is a n  obv ious  boundary c o n d i t i o n  i n  any  o r i g i n  t h e o r y .  The r o t a t i o n  r a t e  

a l o n e  w i l l  n o t  g i v e  t h e  r o t a t i o n a l  a n g u l a r  momentum of Venus. For  t h a t ,  

the i n t e r n a l  d i s t r i b u t i o n  of m a t e r i a l  i s  needed.  S i n c e  Venus i s  s imilar  

t o  t h e  E a r t h  i n  b o t h  -6s and r a d i u s ,  i t  might be expec ted  t h a t  t h e  

p l a n e t  c o n s i s t s  of t h r e e  zones  l i k e  t h e  Earth-a l i q u i d  c o r e ,  a s o l i d  

man t l e ,  and  a n  o u t e r  c r u s t .  Thus,  assuming Venus is n o t  ex t r eme ly  anoina- 

l o u s  i n  i t s  m a s s  d i s t r i b u t i o n ,  t h e  r o t a t i o n  ra te  does  g i v e  an  o rde r -o f -  

magni tude e s t i m a t e  of t h e  a n g u l a r  momentum. 

The s i m i l a r i t y  of mass and d e n s i t y  of Venus and t h e  E a r t h  s u g g e s t s  

t h a t  t h e  two p l a e t s  have had b road ly  similar e v o l u t i o n s .  By ana logy  w i t h  

t h e  p r o b a b l e  d e n s i t y  d i s t r i b u t i o n  of t h e  Z a r t h ,  Venus c o n t a i n s  a c o r e  

whose r a d i u s  approx ima tes  h a l f  t h e  r a d i u s  of t h e  p l a n e t .  T h i s  i n f e r e n c e  

is s u p p o r t e d  by U r e y ' s  c a l c u l a t i o n  t h a t  Venus c o n t a i n s  about  45 p e r c e n t  

(by w e i g h t )  i r o n - n i c k e l  phase ,  based on t h e  a s sumpt ion  t h a t  t h e  mean 

d e n s i t y  of t h e  p l a n e t  ( p  = 4.8 g/cc> i s  produced by s i l i c a t e s  ( P = 3.3 

g /cc )  a n d  metal phase ( p  = 7.2 g /cc>.  L y t t l e t o n ,  based  on a two-zone 
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model and s e v e r a l  boundary c o n d i t i o n s  which he c a r e f u l l y  d i s c u s s e s ,  g i v e s  

core-mass f o r  Venus as 1.0 x g ,  or j u s t  o v e r  o n e - f i f t h  of t h e  mass 

of t h e  p l a n e t ,  as compared t o  one - th i rd  f o r  t h e  E a r t h ' s  c o r e .  

The i n t e r n a l  t he rma l  regime o f  Venus is o b v i o u s l y  unknown, b u t  i f  a 

s u r f a c e  t e m p e r a t u r e  of 600°b h a s  e x i s t e d  on t h e  p l a n e t  f o r  some l e n g t h  

of  t ime,  t h e  f l u x  of h e a t  from t h e  i n t e r i o r  has been a f f e c t e d  i n  a n  

h p o r t a n t  way, MacDonald (1962) h a s  c a l c u l a t e d  t h a t  t e m p e r a t u r e s  a t  a 

d e p t h  of 200 km i n  Venus a r e  abou t  2OO0C h i g h e r  t h a n  a t  t h e  same dep th  

i n  t h e  E a r t h ,  assuming Venus t o  have a c h o n d r i t i c  abundance of t h e  r a d i o -  

a c t i v e  e l e m e n t s .  These t empera tu res  s h o u l d  exceed  t h e  m e l t i n g  p o i n t s  of  

s i l i c a t e s  a t  t h i s  d e p t h ,  and magmas may be formed t o  a g r e a t e r  degree  i n  

Venus t h a n  on t h e  E a r t h .  

The p r o b a b i l i t y  of m e l t i n g  i n  Venus s u g g e s t s  t h a t  vo lcanism has  

o c c u r r e d  and t h a t  c o n s t r u c t i v e  l a n d  forms have been 60 produced. The 

complex i ty  of a Venusian c r u s t  is probably  a f u n c t i o n  of the k i n d s  and 

i n t e n s i t i e s  of e r o s i v e  and d e p o s i t i o n a l  mechanisms o p e r a t i v e  . I f  l i q u i d  

w a t e r  is c u r r e n t l y  a b s e n t  f r o %  t h e  s u r f a c e  of Venus, t h e  p r e s e n t  r e l i e f  

would be a f u n c t i o n  of t h e  r a t e  of wind e r o s i o n  v e r s u s  ra tes  of c r u s t a l  

d e f o r m t i o n  and volcanism,  I f  t h e  a tmosphe r i c  c i r c u l a t i o n  is v e r y  grea t ,  

t h e  p l a n e t a r y  s u r f a c e  w i l l  agproach a v a s t  p l a i n  o v e r l a i n  by a d u s t - f i l l e d  

a tmosphe re .  

I t  s h o u l d  be emphasized,  however, t h a t  c u r r e n t  c o n d i t i o n s  on t h e  s u r -  

f a c e  of  Venus may be v a s t l y  d i f f e r e n t  f rom c o n d i t i o n s  i n  t h e  past. Urey 

(1952) f i rs t  p o i n t e d  ou t  t h a t  H 0 is by f a r  t h e  most c o s m i c a l l y  abundant  

o x i d i z i n g  a g e n t  and t h a t  much wa te r  n e c e s s a r i l y  must have e x i s t e d  on Venus 

2 
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i n  t h e  p a s t  in o r d e r  t o  p rov ide  s u f f i c i e n t  oxygen f o r  C O  Photo-disso-  2' 

I c i a t i o n  of H 0,  o x i d a t i o n  of carbonaceous  molecu le s ,  and e sczpe  of hydro-  2 

gen were t h e  p robab le  e v e n t s  in t h e  d e p l e t i o n  of  Venus' wa te r .  The more 

r a p i d  d e p l e t i o n  of  w a t e r  from Venus t h a n  from t h e  E a r t h  may have been due 

t o  i t s  c l o s e r  Froximi ty  t o  t h e  Sun. Urey (1952)  f u r t h e r  sugges t ed  t h a t  

i n c r e a s i n g  C O  p r e s s u r e  was b u f f e r e d  i n  t h e  p re sence  of wa te r  by t h e  

r e a c t  i o n  

2 

2 CO + C a ,  Mg s i l i c a t e s  - c a r b o n a t e s  + S i 0  2 

A t  room t e m p e r a t u r e s ,  t h e  Gibbs f r e e  energy  i s  n e g a t i v e  a t  CO pres -  2 

s u r e s  exceed ing  atm. I t  is t h u s  p o s t u l a t e d  t h a t  g r e a t  q u a n t i t i e u  of 

c a r b o n a t e  r o c k s  were formed on Venus u n t i l  i n s u f f i c i e n t  wa te r  remained on 

t h e  p l a n e t  a s  a r e a c t i o n  mediuni. A t  h i g h  t e m p e r a t u r e s ,  t h e  r e a c t i o n  is 

r e v e r s e d ,  and Urey s u p ~ o s e d  t h a t  the  l i m e s t o n e s  were d e c o q o s e d  by p l u t o n i c  

a c t i v i t y  t o  r e s t o r e  CO t o  t h e  atmosphere.  Although s p e c i f i c  e v e n t s  i n  

t h i s  sequence  a r e  obv ious ly  somewhat o b s c u r e ,  i t  emphasizes  t h e  p o i n t  t h a t  

Venus h a s  probably  evolved  through a wide spec t rum of c o n d i t i o n s .  

2 

0 
I f  t h e  i l l u m i n a t e d  s i d e  of Venus h a s  a t emFera tu re  of around 750 k. and 

s u r f a c e  w a t e r  p r e s s u r e  i s  n e g l i g i b l e ,  s u r f a c e  c o n d i t i o n s  a r e  t r u l y  i n  t h e  

metamorrhic  r ea lm.  Sur face  phase assemblages  forrted i n  t h e  past may have 

been t r a n s f o r m e d  t o  new assemblages which a r e  s t a b l e  under  t h e  e x i s t i n g  

envi ronment .  I n  g e n e r a l ,  many hydrous FhaSeS would have e i t h e r  p a r t l y  

d e h y d r a t e d  o r  have conve r t ed  t o  new anhydrous  Fhases  a t  750 h, z e r o  w a t e r  

p r e s s u r e ,  and 50 atm of t o t a l  p r e s s u r e .  For  i n s t a n c e ,  prominent h y d r a t e s  

0 
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. -  
on Earth such as b r u c i t e ,  k a o l i n i t e ,  ch ryso t i l e ,  g i b b s i t e ,  and geo th i t e  may 

not occur on t h e  i l lumina ted  su r face  of Venus. 

From t h e  foregoing sec t ion ,  i t  is  f a i r l y  obvious t h a t  we must acqui re  some 

very fundamental f a c t s  about Venus before  we can proceed with a complicated 

s c i e n t i f i c  i nves t iga t ion .  

as it is  today. We f i r s t  need t o  determine t h e  su r face  temperature and i t s  

v a r i a t i o n s  with time and l o c a t i o n ,  t h e  atmospheric pressure  and atmospheric 

composition at t h e  sur face ,  t h e  r o t a t i o n a l  period of t h e  planet  and its a x i a l  

o r i e n t a t i o n ,  wind condi t ions  on t h e  p lane t ,  and, of  most importance, t h e  

amount of r e l i e f  on t h e  Venusian surface.  These f a c t s  would al low u s  t o  

understand t h e  su r face  as i t  i s  today and the  modif icat ions that i t  undergoes 

under t h e  e x i s t i n g  environment. 

The i n i t i a l  s t e p  i s  t o  develop a model o f  Venus 

Furthermore, g ross  body parameters of  Venus must be measured s o  t h a t  t h e  

present  conf igura t ion  and i n t e r n a l  s t r u c t u r e  of t h e  p lane t  can be understood. 

Measurements of  mass, r a d i i ,  and moments of i n e r t i a  a re  needed. Measurements 

of  t h e  su r face  heat  f l ux  a r e  necessary f o r  eva lua t ion  o f  t h e  e x i s t i n g  i n t e r n a l  

thermal regime of Venus. 

with knowledge o f  t h e  s i z e  of  t h e  p l ane t ' s  core ,  may f u r t h e r  t h e  understanding 

of t h e  o r i g i n  of t h e  Ea r th ' s  magnetic f i e l d .  

The s t r eng th  o f  t he  magnetic f i e l d  of  Venus, toge ther  

The p r i n c i p a l  problem of Venus, however, is t h e  change t h a t  has been occur- 

r i n g  on t h e  su r face  during t h e  h i s to ry  of  t h e  p lane t .  

h i s t o r y  a r e  probably w e l l  recorded i n  t h e  s t r a t ig raphy  of t h e  su r face  l a y e r s  

of  Venus, and examination of s t r a t i f i e d  rocks on t h e  su r face  of  t h e  planet  

should t a k e  major emphasis i n  subsequent lander  and o r b i t e r  missions.  

The d e t a i l s  of  that 

From 



d e t a i l e d  v i sua l ,  t e x t u r a l ,  and mineralogical  s t u d i e s  of t h e  Cytherean rocks,  

combined with r e l a t i v e  and abso lu te  age determinat ions,  t he  geologica l  h i s t o r y  

of t he  p lane t  may be recons t ruc ted .  

oceans ex i s t ed  on t h e  p l ane t ,  t h e  time at which e x i s t i n g  condi t ions  s t a r t e d ,  

t he  degree of i n t e r n a l  mel t ing,  t h e  erosive mechanisms of t h e  pas t ,  and t h e  

ex is tence  of l i f e  i n  t h e  past. These i n v e s t i g a t i o n s  must consider  t h e  prob- 

a b l e  t ransformations t h a t  t h e  rocks may have undergone i n  t h e  e x i s t i n g  sur- 

face temperature-pressure environment and t ec ton ic  a c t i v i t y .  Visual recon- 

naissance on a l a r g e  s c a l e  is necessary i n  order  t o  show t h e  ex is tence  of 

fo ld  b e l t s ,  which w i l l  suggest t h e  p l ane t ' s  past thermal regime. The de l ine-  

a t i o n  of t h e  geological  h i s to ry  of Venus is espec ia l ly  important when i t  is 

considered t h a t  t h e  evolut ionary course of Venus and t h a t  of t h e  Earth might 

be somewhat parallel because of observed similarities i n  mass and i n  bulk 

composition. 

I t  may be poss ib le  t o  a s c e r t a i n  when 

C. BIOLOGY 

The explora t ion  of Venus has s i g n i f i c a n t  p o t e n t i a l  i n t e r e s t  t o  biology. 

Although t h e  resu l t s  of microwave observat ions i n d i c a t e  t h a t  t h e  su r face  

temperaturesare  higher  than 6W0K, these r e s u l t s  are not ye t  conclusive.  

Disagreement still e x i s t s  about t h e  su r face  temperature. If t h e  temperature 

is above 6 0 0 0 ~ ~  t h e  probable exis tence of  conceivable l i f e  on t h e  p lane t  is 

extremely unl ike ly .  However, t h e  interests  of biology are not l imi t ed  only 

t o  t h e  search  f o r  l i f e  on Venus. 
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Assuming t h a t  l i f e  canno t  e x i s t  on t h e  p l a n e t ,  i n f o r m a t i o n  a b o u t  Venus'  

o r g a n i c  c h e m i s t r y  is impor t an t .  The problem of t h e  o r i g i n  of l i f e  is 

c l o s e l y  r e l a t e d ,  by p r e s e n t  t h e o r i e s ,  t o  t h e  o r g a n i c  chemica l  e v o l u t i o n  of 

t h e  p l a n e t s .  Both t h e  p r e s e n t  s t a t e  of o r g a n i c  c h e m i s t r y  on Venus, as w e l l  

as i n f o r m a t i o n  abou t  p o s s i b l e  p a s t  s t a t e s  (as might be de t e rmined  by sub-  

s u r f a c e  e x p l o r a t i o n ) ,  may c o n t r i b u t e  t o  f u r t h e r  development of t h e s e  t h e o -  

r i e s .  Evidence of any the rma l  and o t h e r  c o n d i t i o n s  on Venus f a v o r a b l e  t o  

t h e  o r i g i n  and e v o l u t i o n  of l i f e  i n  t h e  past might s t i l l  be p r e s e r v e d  

benea th  t h e  s u r f a c e  i n  t h e  form of o r g a n i c  chemica l  r e s i d u e s .  

F i n a l l y ,  t h e  r ange  of c o n d i t i o n s  unde r  which b i o g e n e s i s  may occur  and  

t h e  u l t i m a t e  p o t e n t i a l  of b i o l o g i c a l  e v o l u t i o n ,  a r e  q u e s t i o n s  which canr_n+. 

y e t  be answered w i t h  c e r t a i n t y .  T h e r e f o r e ,  i t  i s  p r e s e n t l y  premature  t o  

presuppose  t h a t  Venus i s  n o t  b i o l o g i c a l l y  i n t e r e s t i n g .  

I r e l i m i n a r y  i n f o r m a t i o n  which might i n c r e a s e  o r  d e c r e a s e  i n t e r e s t  in 

t h e  p l a n e t  f o r  b i o l o g i c a l  s t u d i e s  a r e  : 

(1) F u r t h e r  v e r i f i c a t i o n  of t h e  s u r f a c e  t e m p e r a t u r e  . 
(2)  S p a t i a l  d i s t r i b u t i o n  of t h e  s u r f a c e  t e m p e r a t u r e .  

(3 ) Tempera ture  p r o f i l e s  of t h e  a tmosphere  . 
(4)  D e t a i l e d  compos i t ion  of t h e  a tmosphe re ,  i n c l u d i n g  t r a c e  

c o n s t i t u e n t s  and v o l a t i l e  o r g a n i c  compounde. 

( 5 )  E x i s t e n c e  o r  absence  of o r g a n i c  matter, e i t h e r  on o r  b e n e a t h  

t h e  s u r f a c e .  

( 6  Tempera ture  p r o f i l e s  of t h e  s u b s u r f a c e  . 
(7 )  C h a r a c t e r i s t i c s  of o rgan ic  m a t t e r ,  i f  i t  e x i s t s .  
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D .  F I E L D S  AND P A R T I C L E S  

Monitoring o f  t h e  i n t e r p l a n e t a r y  medium with plasma probes,  magnetom- 

e ters ,  and s o l a r  proton d e t e c t o r s  during t h e  ine rp lane ta ry  c r u i s e  phase of a 

Venus f lyby mission is of i n t e r e s t  because of t h e  r a r e l y  a v a i l a b l e  opportun- 

i t y  t h a t  i t  a f f o r d s  t o  d iscr imina te  between temporal v a r i a t i o n s  and spatial 

v a r i a t i o n s  i n  t h e  medium by means of widely separa ted  simultaneous measure- 

ments. The ex ten t  and shape of  plasma clouds or shocks produced by s o l a r  

f l a r e s ,  and of  long-lived plasma streams such as were observed by Mariner 11, 

can probably be determined i n  no other  way. 

t i c u l a r l y  appropr ia te  f o r  such s t u d i e s  because t h e  spacecraf t  i s  c lose  t o  t h e  

same s o l a r  magnetic f i e l d  l i n e  as t h e  Ear th  f o r  a considerable  p a r t  of  t h e  

f l i g h t .  

Venus-bound spacecraf t  are par- 

Because of  t h e  inherent  na tu re  of t h e  plasma physics ,  t h e  s tudy of t h e  

charged p a r t i c l e s  t h a t  make up t h e  in t e rp l ane ta ry  plasma proper,  and t h e  s tudy  

of t h e  magnetic f i e l d s  t h a t  are assoc ia ted  with i t ,  are r e a l l y  inseparable  

parts o f  t h e  same problem. The two main goa l s  are i n  t h e  i n v e s t i g a t i o n  o f  

t h e  phys ica l  processes  i n  t h e  s o l a r  corona and of t h e  bas i c  plasma physics  of  

t h e  in t e rp l ane ta ry  medium. For t h e  former, w e  s h a l l  wish t o  measure t h e  

i n t e n s i t y ,  ex t en t ,  chemical composition, and temporal v a r i a t i o n s  of so l a r -  

plasma streams, and t o  i d e n t i f y  t h e i r  sources .  Measurements over a wide range 

o f  h e l i o c e n t r i c  l a t i t u d e s  and longi tudes w i l l  eventua l ly  be required.  For t h e  

l a t te r ,  we s h a l l  look f o r  i n t e r a c t i o n s  of t h e  plasma with magnetic f i e l d s  

(both  p l ane ta ry  and i n t e r p l a n e t a r y ) ,  with s o l i d  bodies ,  with comet tails, and 

wi th  o t h e r  c louds of plasma, 

be of  i n t e r e s t .  

Wave motion and plasma i n s t a b i l i t i e s  w i l l  a l s o  

The pos i t i on  and nature  of the t r a n s i t i o n s  between "supersonicv1 



and "SUbsGniC" flow i n  t h e  s o l a r  wind, and the  phenomena occurr ing  a t  t h e  

boundary between the  s o l a r  and g a l a c t i c  f i e l d s ,  should be inves t iga t ed .  Other 

quest ions assoc ia ted  with the  physics  of t he  plasmas are the  source of t h e  Van 

Allen b e l t  p a r t i c l e s ,  the  na ture  of the  mechanism of  t h e i r  i n j e c t i o n  i n t o  t h e  

magnetosphere, and the  d e t a i l e d  na ture  of geomagnetic d i s turbances .  

The na ture  of  i n t e r a c t i o n  between t h e  p lane t  Venus and t h e  s o l a r  plasma 

was l e f t  completely undetermined by the Mariner I1 f lyby ,  but i t  could be 

inves t iga t ed  by a spacecraf t  t h a t  passes considerably c l o s e r  t o  t h e  planet  o r  

pene t r a t e s  t h e  conica l  region where the Sun-planet-probe angle  is  g r e a t e r  t han  

about 140 deg. I f  t h e  magnetic moment of Venus is  as high as one percent o f  

t he  Ea r th ' s ,  o r  roughly an order  of  magnitude less  than t h e  upper l i m i t  i n f e r -  

red from the  Mariner I1 r e s u l t s ,  we would s t i l l  expect t o  s e e  a bow shock and 

a t r a n s i t i o n  region i n  t h e  plasma similar t o  that around t h e  Ea r th ' s  magneto- 

sphere.  I f  t h e  moment i s  s t i l l  an order  o f  magnitude sma l l e r ,  t h e  incoming 

s o l a r  wind may be simply absorbed by the  atmosphere, producing no shock and 

no t r a n s i t i o n  region,  but only a narrow c y l i n d r i c a l  cav i ty  i n  t h e  plasma behind 

the  p lane t .  So many unexplained phenomena have been observed i n  our own mag- 

netosphere t h a t  a t tempts  t o  p red ic t  the na ture  of  t h e  Venus-plasma i n t e r a c t i o n  

are  probably f u t i l e .  

I f  t h e  s o l a r  wind is  ab le  t o  make a d i r e c t  encounter w i t n  t h e  upper atmo- 

sphere of t h e  p l a n e t ,  t h e n  a u r o r a l  emissions w i l l  be produced, e i t h e r  uniformly 

over most of the  s u n l i t  hemisphere i f  t h e  magnetic f i e l d  i s  t r u l y  neg l ig ib l e ,  

o r  i n  l o c a l i z e d  reg ions  i f  i t  is not .  A knowledge o f  t h e  inc iden t  solar-wind 

f l u x  and energy, obtained from a plasma spectrometer ,  would assist i n  t h e  
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i n t e r p r e t a t i o n  of s p e c t r a l  measurements of  t hese  emissions,  which might be 

de t ec t ab le  e i t h e r  i n  t h e  u l t r a v i o l e t  or radio-frequency regions.  

It i s  well known t h a t  t h e  Mariner I1 trapped r a d i a t i o n  experiment gave a 

negat ive r e s u l t .  For t h i s  reason,  as brought out i n  t h e  above d iscuss ion  of 

p lane tary  plasmas, any trapped r a d i a t i o n  experiment would r e q u i r e  e i t h e r  t h a t  

t h e  spacec ra f t  pass much c l o s e r  t o  Venus than d id  Mariner I1 (41,000 km from 

t h e  p l a n e t ' s  cen te r )  or at least pene t ra te  t h e  reg ion  where t h e  Sun-planet- 

probe ang le  i s  g r e a t e r  than 140 deg. Obviously, t h e  c o r r e l a t i o n  of  t h e  trapped 

p a r t i c l e  d a t a  with the  magnetometer and plasma da ta  would be o f  g r e a t  i n t e r e s t .  

The instrumentat ion for t h e  trapped r a d i a t i o n  experiment would a l s o  g ive  valu- 

a b l e  d a t a  during in t e rp l ane ta ry  c ru ise .  

The s c i e n t i f i c  ob jec t ives  involved i n  r epea t ing  t h e  measurements of  mag- 

n e t i c  f i e l d s  near Venus would be  t h e  same as f o r  Mariner 11. Important ques- 

t i o n s  concerning t h e  i n t e r i o r ,  t h e  upper atmosphere, and t h e  charged p a r t i c l e  

environment of Venus concern t h e  s t r e n g t h  of t he  magnetic f i e l d .  Direct  

measurement of  t h e  magnitude, mult ipole  order ,  and o r i e n t a t i o n  of  an  i n t r i n s i c  

f i e l d  could have an  important bear ing on t h e  v a l i d i t y  of t h e  dynamo theory o f  

p l ane ta ry  magnetism and t h e  r e l a t e d  quest ion of  whether or not Venus has a 

molten core.  

depends, i n  p a r t ,  on t h e  a b i l i t y  o f  a p lane tary  f i e l d  t o  d i v e r t  t h e  s o l a r  wind. 

A p lane ta ry  magnetic f i e l d  governs the  t rapping  of high-energy charged p a r t i c l e s  

and t h e  ex ten t  t o  which cosmic and s o l a r  r a d i a t i o n  can pene t r a t e  t o  t h e  sur face .  

The s p a t i a l  ex ten t  and temperature of t h e  upper atmosphere 

To do a s i g n i f i c a n t l y  b e t t e r  job than  Mariner 11, t h e  spacec ra f t  ought t o  

approach a s i g n i f i c a n t l y  c l o s e r  d i s t ance  t o  Venus. The shock f r o n t  assoc ia ted  

wi th  a magnetic d ipo le  moment only times t h e  Ea r th ' s  would probably be 



de tec t ab le  a t  an  aphrodiocent r ic  d i s tance  of  -15,000 km. 

moment is r e a l l y  t h a t  small, t h e  magnetic measurements would have t o  be 

performed a t  about one-half t h e  above d i s t ance  (or -1,000 km above t h e  

su r face )  f o r  a good chance of being r ep resen ta t ive  of t h e  i n t r i n s i c  f i e l d .  

Penet ra t ion  d i s t ances  even c l o s e r  would enhance t h e  chances of  d e t e c t i n g  

t h e  p lane tary  f i e l d ,  or a l t e r n a t i v e l y ,  would serve  t o  lower t h e  bound on t h e  

p lane tary  magnetic moment. 

than  

s i o n  of i n t e rp l ane ta ry  magnetic f i e l d s  i n t o  t h e  p lane t  r a t h e r  than by e l e c t r i c  

cu r ren t s  i n  a molten core.  This  could in t roduce  an element of  ambiguity i n t o  

the  i n t e r p r e t a t i o n  of  t h e  r e s u l t s ,  but i t  would be of  i n t e r e s t  t o  know i n t o  

which category the  magnetic f i e l d  of Venus belongs. 

I f  t h e  d ipo le  

However, i f  t h e  d ipo le  moment is much smaller 

ME, any f i e l d  a t t r i b u t a b l e  t o  Venus might be caused by t h e  d i f fu -  

I f  as suggested,  Venus has a very small i n t r i n s i c  magnetic moment, or none 

at a l l ,  t h e  s o l a r  wind w i l l  c a r ry  its imbedded magnetic f i e l d  down t o  the  poin t  

i n  t h e  atmosphere of  Venus where e i t h e r  t h e  pressure  o f  t h e  ionized components 

of  t h e  atmosphere or t h e  v i s c o s i t y  through t h e  unionized components provides 

enough momentum t r a n s f e r  t o  s t o p  f a r t h e r  pene t r a t ion  of t h e  s o l a r  wind i n t o  

t h e  atmosphere. Outside t h i s  region,  t h e r e  w i l l  be a t y p i c a l  bow shock, except 

t h a t  i ts shape w i l l  be t h a t  surrounding a s p h e r i c a l  obs t ac l e  r a t h e r  than  a 

blunt-nosed magnetospheric shape. Presumably, t h e  bow shock would occur some- 

where i n  t h e  general  range of  1.15 t o  1.3 p lane tary  radi i ,  depending on t h e  

Mach number and t h e  na ture  o f  t h e  subsonic flow between t h e  shock f ron t  and 

t h e  atmosphere. 

would a l s o  be d e s i r a b l e  t o  explore  both t h e  t a i l  and t h e  subsolar  region. 

Thus, a very c lose  passage by Venus would be des i r ab le .  It 
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Although many f e a t u r e s  of  t h e  magnetic environment of  Venus could be 

inves t iga t ed  even i f  t h e  spacec ra f t  f i e l d  produced a n  unce r t a in ty  i n  t h e  

measurement of  2 t o  5 gamma, t h i s  much uncer ta in ty  would make i t  very d i f f i -  

c u l t  t o  determine t h e  t r u e  na ture  o f  the  shock. For such i n v e s t i g a t i o n s ,  t h e  

spacecraf t  f i e l d  should be known t o  at least 0.5 gamma and i t  would be highly 

d e s i r a b l e  t o  aim f o r  0.2 
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SECTION I11 

PRELIMINARY SCIENCE OBJECTIVES AND EXPERIMENTS 

A. OBJECTIVES 

The two p r inc ipa l  ob jec t ives  of planetary sc ience  are t h e  understanding 

o f :  (1)  t h e  o r i g i n  and evolut ion of l i f e ,  and (2) t h e  o r i g i n  and evolu t ion  

of  t h e  s o l a r  system. 

Venus i s  s t i l l  i n t e r e s t i n g  from t h e  point of  view of biology and t h e  o r i g i n  

and evolu t ion  of l i f e .  

i n t e r p r e t a t i o n  of t h e  r ad io  emission from t h e  p l ane t ,  t h e  p o s s i b i l i t y  of 

e leva ted  topography, e spec ia l ly  at high l a t i t u d e s ,  having lower temperatures,  

and t h e  p o s s i b i l i t y  t h a t  aer ia l  l i f e  forms have evolved suspended i n  t h e  cooler  

po r t ions  of  t h e  atmosphere. Moreover, Venus is similar t o  Ear th  i n  mass, s i z e ,  

and dens i ty ;  t he re fo re ,  i t  poss ib ly  has a co re  and its su r face  i s  shaped by 

t h e  same cons t ruc t ion  forces  t h a t  a c t  upon t h e  Earth.  Venus has  a dense, 

meteorological ly  i n t e r e s t i n g  atmosphere, and i t s  study may y i e l d  important 

c l u e s  toward understanding t h e  o r i g i n  and evolu t ion  o f  p lane tary  atmospheres. 

The s tudy of  Venus thus  can be very important i n  a b e t t e r  understanding of 

t e r r e s t r i a l  problems, as  wel l  as providing information use fu l  f o r  a so lu t ion  

o f  t h e  two p r inc ipa l  ob jec t ives  of planetary science.  

I n  s p i t e  o f  t h e  a l l eged  high su r face  temperatures,  

This is because of  some uncer ta in ty  regarding t h e  

I n  t h i s  s e c t i o n ,  s e v e r a l  spec i f i ed  s c i e n t i f i c  ob jec t ives  and t h e  r e s u l t i n g  

s c i e n t i f i c  experiments or inst ruments  t o  s a t i s f y  these  ob jec t ives ,  are  pre- 

sen ted .  

ous t rade-of f  s t u d i e s  involving t h e  s c i e n t i f i c  ins t ruments  and t h e i r  weight, 

This  s e c t i o n  should provide t h e  prel iminary information f o r  t h e  numer- 

- 22 - 



. A -  

* .  
* ,  

power, and data ra te ,  with spacec ra f t  design,  DSIF, t r a j e c t o r y ,  and o the r  

cons idera t ions .  Sec t ion  B and Table A-2 present  t y p i c a l  f lyby sc ience ;  Sec t ion  

C and Table A-3 present  t y p i c a l  capsule science.  

B. FLYBY SCIENCE 

S c i e n t i f i c  i n v e s t i g a t i o n s  t o  b e  conducted from t h e  flyby spacecraf t  involve 

both p lane tary  and i n t e r p l a n e t a r y  experiments. 

involve  t h e  measurement of s e l e c t  por t ions  of t h e  electromagnetic spectrum, 

ranging from t h e  vacuum u l t r a v i o l e t  and f a r  i n f r a r e d  t o  microwave and radar  

f requencies .  The instruments  can vary from reasonably heavy, complicated, high- 

data-rate spectrometers ,  in te r fe rometers ,  image-forming and scanning devices ,  t o  

r e l a t i v e l y  simple,  l ightweight  radiometers and photometers. They a l l  have 

narrow f i e l d s  of  view and exac t ing  point ing and aiming requirements r e l a t i v e  t o  

t h e  p lane t .  

common scan platform t o  provide t h e  gross aiming capab i l i t y .  

m i s s  d i s t a n c e  of 1000 km is  d e s i r a b l e  f o r  t h e s e  experiments; however, a m i s s  

d i s t a n c e  o f  up t o  5000 km would be s a t i s f a c t o r y .  

The p lane tary  experiments 

It is poss ib l e  t h a t  s eve ra l  instruments  could be mounted on a 

A Venus f lyby 

The i n t e r p l a n e t a r y  experiments involve t h e  measurement of p lane tary  magnetic 

f i e l d s  and t rapped r a d i a t i o n s  as w e l l  as t h e  in t e rp l ane ta ry  measurements. 

s e v e r a l  experiments considered here  i n  t h i s  category have e i t h e r  been flown 

before  or t h e i r  a p p l i c a t i o n  t o  t h i s  mission involves  a' r e l a t i v e l y  s t ra ight forward  

ex tens ion  of  instrument s ta te-of- the-ar t .  

The 

I n  t h e  following pages, s e v e r a l  s e l e c t  Venus flyby s c i e n t i f i c  ob jec t ives  

The list is  not complete; however, and t h e  r e s u l t i n g  experiments a r e  presented. 

i t  is considered t y p i c a l  and appropr ia te  f o r  providing t h e  d e t a i l  of  requi red  



- .  
information for a prel iminary mission study. 

i t  would be d e s i r a b l e  t o  f l y  a l l  of  these experiments and o the r s ,  e s p e c i a l l y  

s i n c e  t h e  d a t a  from one experiment w i l l  tend t o  supplement another ,  but  t h i s  

involves  a formidable payload weighing about 200 pounds, not inc luding  t h e  d a t a  

automation system o r  scan platform. 

des igna te  a so-cal led minimum payload f o r  mission ana lys i s .  

t h e  mechanism of t h i s  document t o  completely debate  t h e  abso lu te  s c i e n t i f i c  

meri t  o f  any p a r t i c u l a r  experiment over another ;  however, i n  t h e  judgment of  

t h e  committee preparing t h i s  document, a t y p i c a l  minimum payload f o r  mission 

a n a l y s i s  is comprised of  t h e  f i r s t  e ight  experiments discussed i n  t h e  t e x t  and 

l i s t e d  i n  Table A-2 .  

t h e  i n f r a r e d  experiment, magnetometer, trapped r a d i a t i o n ,  s o l a r  plasma, cosmic 

dus t ,  RF occu l t a t ion ,  and a n  i o n i z a t i o n  charnber/particle f l u x  de tec to r .  

From t h e  poin t  o f  view o f  sc ience ,  

Obviously, some s e l e c t i o n  is requi red  t o  

It is not wi th in  

This group inc ludes  the  combination microwave experiment, 

1. Microwave Experiment. 

Venus is of extreme i n t e r e s t  i n  the  microwave region s ince  i t s  o p t i c a l l y  

t h i c k  cloud seems t o  be pene t rab le  only by microwaves. 

observa t ions  are s u i t e d  f o r  su r face  r e f l e c t i v i t y  measurements and su r face  

imaging; passive ( rad iometr ic )  observat ions a re  idea l  f o r  t he  s tudy o f  su r face  

emis s iv i ty  and su r face  thermal mapping, as well as atmospheric c h a r a c t e r i s t i c s .  

Active microwave ( r ada r )  

I n  t h e  pass ive  microwave a r e a ,  t he  following s p e c i f i c  s c i e n t i f i c  ob jec t ives  

f o r  spacecraft experiments can be l i s t e d  f o r  a l ightweight  f lyby mission: 

a. Atmosphere b r igh tness  temperature d i s t r i b u t i o n .  The limb-to-limb b r igh t -  

nes s  temperature  d i s t r i b u t i o n  of t h e  Venusian atmosphere could be obtained at 

s e v e r a l  wavelengths i n  the  region of 3 mm t o  3 cm. From Earth-based measurements, 
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.. 

it  has been wel l  e s t ab l i shed  t h a t  t he  b r igh tness  temperature in t eg ra t ed  over 

t h e  d i sk  of  t h e  p lane t  v a r i e s  from about 350°K at  3 mm t o  about 575°K at 3 cm. 

The t r a n s i t i o n  curve is i r r e g u l a r ,  appears t o  inc lude  emission l i n e s ,  seems t o  
, 

f l u c t u a t e  as a funct ion of  time, and i n  genera l ,  is thought t o  r e s u l t  e n t i r e l y  

from t h e  complex atmosphere of Venus. The s h o r t e r  wavelengths a r e  thought t o  

o r i g i n a t e  from the  t o p  of  t h e  atmosphere, t he  longer  ones from successively 

deeper l aye r s .  

large por t ion  of  t h e  planet  a t  the  high r e s o l u t i o n  obta inable  from a space- 

c r a f t ,  information such as limb darkening, geographical d i s t r i b u t i o n ,  phase 

angle  e f f e c t s ,  po la r i za t ion ,  and Brewster angle  phenomena could be measured. 

Data of this kind a r e  extremely d i f f i c u l t ,  i f  not impossible,  t o  gather  from 

Ear th  because of t h e  l imi t ed  angular  r e s o l u t i o n  of r ad io  antennas. The i n f o r -  

mation would y i e l d  considerable  d e t a i l  about t h e  composition, t h e  three-dimen- 

s i o n a l  phys ica l  and thermal s t r u c t u r e ,  t h e  c i r c u l a t i o n ,  dens i ty ,  e tc . ,  of t h e  

atmosphere. 

By obta in ing  limb-to-limb br ightness  temperature scans over a 

b. Thermal map of  t h e  Venusian sur face .  A thermal map or image, made at  a 

wavelength longer than  3 cm t o  ensure pene t ra t ion  t o  the  sur face ,  would permit 

i s o l a t i o n  of  su r face  f e a t u r e s  such as mountains, p l a i n s ,  cont inents .  It would 

i d e n t i f y  thermal abnormal i t ies  such as f a u l t  l i n e s ,  volcanoes, and would y i e l d  

estimates of gross  su r face  composition and s t r u c t u r e .  

Both of t h e  above s c i e n t i f i c  ob jec t ives  are bes t  met i f  t he  flyby d i s t ance  

i s  i n  the order  of  lo00 km from t h e  sur face  of  t h e  planet .  A t  t h i s  d i s t ance ,  

t h e  areal r e s o l u t i o n  of instruments  s u i t a b l e  f o r  a l i g h t  spacecraf t  would be i n  

t h e  o rde r  of  k i lometers  t o  t e n s  of ki lometers ,  depending on wavelength. The 
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c l o s e r  one passes  t o  t h e  su r face ,  t h e  higher t h e  r e s o l u t i o n  but t h e  poorer 

t h e  coverage; f a r t h e r  ou t ,  t h e  inve r se  s i t u a t i o n  is t r u e ,  up t o  a poin t .  

Useful information,  however, could be obtained as f a r  as 100,OOO km from 

Venus. A f i n a l  f lyby d i s t ance  s p e c i f i c a t i o n  needs f u r t h e r  study. 

C. Implementation. 

(1) Multifrequency instrument for atmosphere study. 

Wavelengths: 

Weight : 35 l b s .  

Volume : 3 f t .  x 3 f t .  x 2 in .  square antenna = 1.5 CU. f t .  

2 f t .  x 1 f t ,  x 9 i n .  e l e c t r o n i c s  = 1.5 CU. f t .  

2 t o  4 wavelengths between 3 cm and 3 mm. 

Total...... 3.0 cu. f t .  

Power: c ru ise :  none 

encounter: 30 watts avg. 

Data Rate: 30 bps approx. 

Other Requirements: p lane tary  sensing/scan platform t o  scan whole 

radiometer at 1 deg/sec. from limb t o  limb and 

5 deg. beyond each limb. 

not c r i t i c a l  (?l deg.). 

Point ing accuracy 

(2)  Surface imager. 

Wavelength: 3 or 4 cm. 

Weight : 25 lbs. 
Volume : 3 f t .  x 3 f t .  x 2 in .  square antenna = 1.5 CU. f t .  

= 0.8 cu. f t .  
Total...... 2.3 CU. f t .  

1 f t .  x 1 f t .  x 9 i n .  e l e c t r o n i c s  
7 

Power: c ru i se :  none 

encounter: 10 watts avg. 

Other Requirements: planetary sensor  t o  o r i e n t  antenna along l o c a l  

v e r t i c a l ;  required point ing accuracy: +1 deg.; 

instrument scans e l ec t ron ica l ly .  
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(3) Combined atmospheric sensor  and su r face  imager. 

Wavelength: 

Weight : 50 l b s .  

Volume : 3 f t .  x 3 f t .  x 3 i n .  square antenna = 2.5 CU. f t .  

2 f t .  x 2 f t .  x 9 i n .  e l e c t r o n i c s  = 3.0 cu. f t .  

mul t ip le  between 3 mm and 3 cm. 

- 
Total...... 5.5 cu. f t .  

Power : c ru i se :  none 

encounter: 40 watts avg. 

Data Rate: 60 bps approx. 

Other Requirements: planet  sensor/scan platform t o  scan whole 

instrument a t  about 4 deg/sec. 

2 . In f r a red  Experiment. 

The maximum information about t h e  cythereagraphical  d i s t r i b u t i o n  of atmo- 

sphe r i c  composition, v e r t i c a l  temperature s t r u c t u r e ,  and t h e  na ture  and height  

of  t h e  clouds can probably be obtained from measurement of t h e  spectrum from 

1.2 t o  5 microns, with a s p e c t r a l  r e so lu t ion  of 0.5 cm , i f  we r e s t r i c t  our- 

s e l v e s  t o  techniques within the  s ta te -of - the-ar t .  

almost s p e c i f i e s  a Michelson in te r fe rometer  such as t h a t  now being developed at 

JPL f o r  a Mars 1973 Voyager mission. 

-1 

I n  f a c t ,  such a requirement 

-1 A r e s o l u t i o n  of 0.5 cm would be necessary and s u f f i c i e n t  t o  measure 

abso rp t ion  of  solar r a d i a t i o n  at t h e  center  and wings of l i n e s  i n  the high- 

frequency CO 

a n d i n t h e  4.3 micron C02 band, from which high-resolut ion v e r t i c a l  temperature 

s t r u c t u r e  can be determined. This r e so lu t ion  should be more than  s u f f i c i e n t  

t o  provide cloud temperatures from measurements near 4 microns. 

bands, from which C02 amount and cloud height can be determined 2 

The s p e c t r a l  
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r e s o l u t i o n  would a l s o  be necessary t o  i d e n t i f y  and measure some of t h e  gases 

l i k e l y  t o  be present  above and i n  t h e  clouds,  and s u f f i c i e n t  f o r  most. I f  

t h e  clouds a r e  mostly the  condensation proddcts  of  atmospheric gases ,  as is 

l i k e l y ,  t h e s e  could be de tec ted  and measured with s u f f i c i e n t  accuracy t o  iden- 

t i f y  them and determine whether t h e i r  composition i s  cons i s t en t  with t h e  cloud 

temperatures.  

t hese  w i l l  show up very c l e a r l y  i n  the  3 t c  3.5 micron reg ion ,  and probably 

from 2 t o  2.5 micrcns. Likewise, i t  would be poss ib le  t o  determine from 

measurements i n  t h e  H 0 bands whether the cloud tops  could be expected t o  

conta in  i c e  c r y s t a l s .  More d i r e c t  evidence f o r  t h e  cloud composition should 

come from t h e  continuum spec t r a  of the  clouds themselves. Breaks i n  t h e  clouds 

could a l s o  be detected i f  t he re  a r e  a tmcsphtr ic  windows between 3 and 4 microns. 

For example, i f  t h e  clouds are composed o f  organic compounds, 

2 

The information from this experiment shoxld be a great he lp  i n  planning 

f u t u r e  capsule  missions.  Even  i f  a simultaneous capsule  mission i s  planned, 

t h e r e  is a p o s s i b i l i t y  t h a t  i t  w i l l  f a i l  because of incompat ib i l i ty  with t h e  

environment. Thus, a t  t he  l ea s t ,  t h e  flyby measurements would probably i n d i c a t e  

t h e  cause of  t h e  incompat ib i l i ty .  

-1 The data requirement fo r  0.5 cm r e s o l u t i o n  from 1.2 t o  5 microns a t  one 

percent accuracy w i l l  be about 3O0,OW t o  400,000 b i t s  per  interferogram, or  

about 10 b i t s  per second i f  da t a  a r e  sen t  i n  r e a l  time. The instrument would 

weigh about 35 pounds. 

3 
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3. Magnetometer . 

The s c i e n t i f i c  ob jec t ives  involved i n  repea t ing  t h e  measurements o f  

magnetic f i e l d s  near  Venus would p a r a l l e l  those  f o r  Mariner 11. However, i n  

order  t o  notably improve upon Mariner I1 data, t h e  spacec ra f t  ought t o  approach 

s i g n i f i c a n t l y  c lose r  t o  Venus. The shock f ron t  a s soc ia t ed  with a magnetic 

d ipo le  moment only lo-' t imes the  E a r t h ' s  would probably be de t ec t ab le  a t  a n  

aphrodiocent r ic  d i s t ance  of -15,000 km. I f  t h e  d ipo le  moment is  r e a l l y  that 

small, t h e  magnetic measurements would h a v e  t o  be performed a t  about one-half 

t h e  above d i s t ance  t o  h a v e  a good chance of being r ep resen ta t ive  of t h e  

i n t r i n s i c  f i e l d .  Penet ra t ion  d i s t ances  even closer would enhance t h e  chances 

of d e t e c t i n g  the  p lane tary  f i e l d ,  o r  a l t e r n a t i v e l y ,  would serve  t o  lower t h e  

bound on t h e  p lane tary  magnetic moment. If a t r a j e c t o r y  i s  favored t h a t  has  

a c l o s e s t  approach d i s t ance  much i n  excess of 15,000 km, t h e  most i n t e r e s t i n g  

f i e l d  measurements would l i k e l y  r e s u l t  i f  t h e  spacecraf t  passed through t h e  

magnetic t a i l  reg ion ,  i n t o  or c lose  t o  t h e  p l a n e t ' s  o p t i c a l  shadow. 

The s e l e c t i o n  of  a magnetometer t o  ca r ry  out  t h e  above ob jec t ives  should 

be r e l a t i v e l y  simple now t h a t  so much is known of  t h e  in t e rp l ane ta ry  medium 

and a bound has been e s t ab l i shed  f o r  the magnetic moment of Venus. 

f l uxga te  or vector  helium magnetometer would be  adequate,  e spec ia l ly  i f  one 

takes i n t o  account t h e  developments which are l i k e l y  wi th in  t h e  next f i v e  

years .  Conservative estimates of  t h e  m a x i m u m  weight and power requi red  are 

5 pounds and 4 watts, r e spec t ive ly .  

cont inue  t o  be contamination of t h e  measurements by spacec ra f t  magnetic f i e l d s .  

E i the r  a 

The major problem area would undoubtedly 
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4. S o l a r  Plasma Experiment. 

The i d e a l  instrument f o r  making s o l a r  plasma measurements i n  t h e  v i c i n i t y  

of and en r o u t e  t o  Venus would be similar t o  t h e  OGO-E plasma probe, which 

i n c o r p o r a t e s  both a spectrometer  ( e l e c t r o s t a t i c  ana lyze r )  f o r  making d e t a i l e d  

energy measurements and a Faraday cup probe f o r  making f l u x  and d i r e c t i o n  

measurements. 

Voyager. 

and occupies  about 1% cubic  f e e t .  It is capable of provid ing  much b e t t e r  

energy r e s o l u t i o n ,  time r e s o l u t i o n ,  and s e p a r a t i o n  of hydrogen and helium 

solar-wind components than  any plasma probe t h a t  has y e t  been flown. 

such a n  instrument  a t  i ts  m a x i m u m  e f f e c t i v e n e s s  r e q u i r e s  a d a t a  rate of 10 t o  

50 b i t s  per second, s i n c e  plasma d a t a  a r e  most i n t e r e s t i n g  when t h e  plasma 

p r o p e r t i e s  are changing r a p i d l y ,  and such events  cannot be pred ic ted .  

A r ev i sed  des ign  of t h i s  instrument  has  been proposed f o r  

It weighs 15 pounds, consumes 10 watts i f  opera ted  cont inuously,  

To use  

Plasma measurements a t  d a t a  r a t e s  t h a t  are lower by a n  order  of magnitude 

would still  be va luable ,  however. I f  weight and power a r e  a t  a premium, a 

less v e r s a t i l e  instrument  could be suppl ied t h a t  would r e q u i r e  about h a l f  t h e  

weight,  power, and volume of  t h e  proposed Voyager instrument .  

5. Trapped Radiat ion Experiment. 

It is w e l l  known t h a t  t h e  Mariner I1 t rapped r a d i a t i o n  experiment produced 

a n e g a t i v e  r e s u l t .  

r e q u i r e  e i t h e r  that t h e  spacec ra f t  pass much c l o s e r  t o  Venus than d id  Mariner 

I1 (41,000 km from t h e  p l a n e t ' s  c e n t e r ) ,  o r  pene t r a t e  t h e  r eg ion  when t h e  Sun- 

planet-probe ang le  is g r e a t e r  t han  140 deg. 

For t h i s  reason ,  any t rapped r a d i a t i o n  experiment would 
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The genera l  s c i e n t i f i c  purposes of t h e  experiment would be to :  

a. Search for magnet ical ly  trapped p a r t i c l e s  i n  t h e  v i c i n i t y  of Venus 

and, i f  found, make preliminary determinat ion of t h e i r  d i s t r i b u t i o n  

i n  space,  t h e i r  energy spec t r a ,  and t h e i r  i d e n t i t i e s .  

b. Monitor t he  occurrence of solar cosmic r a y s  and ene rge t i c  e l e c t r o n s  

i n  i n t e r p l a n e t a r y  space and study t h e i r  angular  d i s t r i b u t i o n ,  energy 

s p e c t r a ,  and t ime h i s t o r i e s .  

The s c i e n t i f i c  problems concerning which da ta  of interest  could be obtained 

are : 

a. Magnitude and o r i e n t a t i o n  of t h e  magnetic moment of Venus. 

b. Radial  ex ten t  of t h e  atmosphere of Venus. 

C. Del ineat ion of t h e  p o s s i b i l i t i e s  f o r  aurorae  and magnetic storms on 

Venus. 

d. I n t e r a c t i o n  of t h e  solar plasma with t h e  magnetosphere, i f  any, of 

Venus . 
e. Rela t ionship  between solar phenomena and emission of ene rge t i c  p a r t i c l e s .  

f. Propagation of charged p a r t i c l e s  i n  i n t e r p l a n e t a r y  space. 

g. Rela t ionship  of t h e  occurrence of  ene rge t i c  p a r t i c l e s  i n  in t e rp l ane ta ry  

space t o  solar and geophysical e f f e c t s .  

Ins t rumenta t ion  s i m i l a r  t o  t h a t  ca r r i ed  on Mariner I V  would be q u i t e  satis- 

f a c t o r y  f o r  t h e s e  purposes. 

i n  Table  2. 

The c h a r a c t e r i s t i c s  of t hese  d e t e c t o r s  a r e  shown 
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Table 2. C h a r a c t e r i s t i c s  of Trapped Radiation Detectors  

Detect o r  

213 GM Counter No. 1 

213 GM Counter No. 2 

213 GM Counter No. 3 

pn junc t ion  

lower d iscr imina tor  

upper d iscr imina tor  

Charged P a r t i c l e s  
Detected 

Protons > 500 Kev 

+Elec t rons  > 40 Kev 

Protons > 500 Kev 

+Elec t rons  > 40 Kev 

Protons >900 Kev 

+Elec t rons  >70 Kev 

Protons 500 Kev > E L 8 Hev 
No e l e c t r o n  s e n s i t i v i t y  

Protons 900 Kev L E  65.5 M e V  

No e l e c t r o n  s e n s i t i v i t y  

To ta l  weight = 2.6 l b s .  

To ta l  power = 0.6 watt 
2 Tota l  volume = 80 i n .  

Tota l  b i t  rate = 1 bi t / s ec .  

Remarks 

I d e n t i c a l  d e t e c t o r s  

a r e  or ien ted  i n  

d i f f e r e n t  d i r e c t i o n s  

t o  ge t  d i r e c t i o n a l  

information 

6 .  Cosmic Dust. 

T h i s  would l i k e l y  be t h e  same experiment as that flown on Mariner I V  t o  

measure t h e  f l u x  of cosmic dus t  particles as a func t ion  of d i r e c t i o n ,  d i s t ance  

from t h e  Sun, and t h e i r  momentum wi th  respec t  t o  t h e  spacecraf t .  
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7. RF Occul ta t ion.  

T h i s  a l s o  would be much t h e  same experiment as flown on Mariner I V .  It 

would measure changes i n  t h e  spacec ra f t  r a d i o  s i g n a l  r e s u l t i n g  from t h e  e f f e c t  

of t h e  Cytherean atmosphere during occu l t a t ion .  

8. I o n i z a t i o n  Chamber/Particle Flux Detector.  

T h i s  experiment, t h e  same as flown on Mariner I V ,  would measure t h e  t o t a l  

i o n i z i n g  r a d i a t i o n  and provide semiquanti t a t i v e  informati  on about t h e  energy 

and p a r t i c l e  types composing t h e  r a d i a t i o n  i n  i n t e r p l a n e t a r y  space. 

9. U l t r a v i o l e t  Spectroscopy. 

The u l t r a v i o l e t  spectrum of a planetary atmosphere is produced by charged- 

p a r t i c l e  bombardment and s o l a r  r a d i a t i o n ;  t h i s  spectrum is  c h a r a c t e r i s t i c  of  

t h e  atoms and molecules t h a t  make up the  atmosphere and of t h e  phys ica l  processes  

t h a t  e x c i t e  them. The u l t r a v i o l e t  emission s p e c t r a  from Venus r e s u l t s  from, 

f i r s t ,  t h e  dayglow--which is caused by s o l a r  u l t r a v i o l e t  r a d i a t i o n  on t h e  atmo- 

sphere,  and second, du r ing  pe r iods  o f  maximum s o l a r  a c t i v i t y  or i f  trapped r ad ia -  

t i o n  is p r e s e n t ,  t h e  aurora--which is caused by charged-part ic le  bombardment of 

atmospheric c o n s t i t u e n t s .  

o f  molecular s c a t t e r i n g ,  abso rp t ion ,  resonance r e - r a d i a t i o n ,  and f luorescence 

o f  t h e  i n c i d e n t  s o l a r  r a d i a t i o n .  Thus, t h e  composition of  t h e  upper po r t ion  of  

t h e  Cytherean atmosphere may be determined a t  least  i n  p a r t  from a n  a n a l y s i s  o f  

t h e  dayglow s p e c t r a ,  while t h e  u l t r a v i o l e t  au ro ra  s p e c t r a ,  if presen t ,  can be 

used t o  i d e n t i f y  many of t h e  atoms and molecules t h a t  are p resen t .  

p r e s e n t s  a summary of t h e  s p e c t r a l  emissions from both t h e  dayglow and au ro ra  

f o r  Venus. 

The spectrum of t h e  u l t r a v i o l e t  dayglow is t h e  r e s u l t  

Table 3 
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Table 3. Atoms and Molecules t h a t  may be Detected i n  t h e  Cytherean 

Venus 

Resonance Re-radiation H - 1216 A 

3 o - 1300 A 
0 
d 
bD 
2 Fluorescence CO - 4 t h  Pos i t i ve  
CI 1100 - 2600 A 

0 - 2 0 0 0 - 3 0 0 0 A  3 Absorption 
4 

N2 - L-B-H 
N - 1200A 

Aurora 
o - 1 3 0 0 ~  

Atmosphere by Ul t r av io l e t  Spectroscopy 

. 
H - 1216 A 

The experiment c o n s t r a i n t s  and instrument c h a r a c t e r i s t i c s  f o r  t he  u l t r a -  

v i o l e t  spectrometer are as follows: 

(1) It is  des i r ed  t h a t  t h e  measurements begin a t  approximately 1,000,000 

km from t h e  p l ane t ,  t h e  absolu te  d i s t ance  t o  be es tab l i shed  during 

spacecraf t  design. 

(2) Scan ac ross  p lane t  and up t o  one-half diameter o f f  p l ane t .  

( 3 )  I n  order  t o  s a t i s f y  t h e  requirement f o r  s p e c t r a l  r e so lu t ion ,  i t  is 

des i r ed  t h a t  the spacec ra f t  pass  within at l e a s t  5000 km of t h e  

sur face .  Any g r e a t e r  d i s tance  from t h e  p lane t  would decrease t h e  

r e so lu t ion  of  t h i s  instrument and a f f e c t  t h e  measurement objec t ives .  

(4 )  Cross t h e  terminator .  

( 5 )  View shall not be obstructed by spacecraf t  wi th in  4 deg. cone about 

look axis. 
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( 6 )  Fie ld  of view s h a l l  be 2.5 deg. 

(7) Scan no c l o s e r  than 10 deg. t o  Sun-probe l i n e .  

(8) Weight and power approximately 25 l b s .  and 12  watts, r e spec t ive ly .  

( 9 )  Dimensions: 24 i n .  long x 8 i n .  x 9 i n .  

3 (10) Data r a t e  w i l l  be as  high as 10 

approximately 2 x lo5 b i t s  per spectrogram. 

b i t s  per  second i n  real  time, o r  

(11) Great care  must be taken i n  instrument design t o  use a de tec to r  

which w i l l  not be swamped by v i s i b l e  l i g h t  r e f l e c t e d  from t h e  

p lane t .  

10. Photo-Imaging Experiment. 

The photo-imaging experiment. uil the  ‘ ~ S ~ I L S  miceicr? =ill y i e l d  new informa- 

t i o n  about t h e  na ture  and s t r u c t u r e  of t h e  Cytherean atmosphere. Meteorologi- 

c a l  information similar t o  t h a t  obtained by t h e  e a r l y  U.S. weather s a t e l l i t e s ,  

a t  r e s o l u t i o n  a t  l e a s t  an  order  of  magnitude b e t t e r  than  Earth-based observa- 

t i o n s  of  Venus, w i l l  be obtained. 

imaging experiment are as follows: 

The s c i e n t i f i c  ob jec t ives  o f  t h e  photo- 

(1) To ob ta in  photographs of the  e n t i r e  Cytherean d i s k  a t  s e v e r a l  phase 

angles  with about 100 km reso lu t ion .  

( 2 )  To map, i n  p a i r s ,  t h e  appearance of  t h e  planet-wide clouds i n  near- 

UV and yellow l i g h t .  

( 3 )  To de tec t  and observe temporal changes i n  t h e  cloud cover i n  near- 

UV and yellow l i g h t .  
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( 4 )  To c o n s t r u c t  p o l a r i z a t i o n  maps of t h e  Cy the rean  d i s k  a t  s e v e r a l  

phase a n g l e s  w i t h  abou t  100 krn r e s o l u t i o n ,  i n  two s p e c t r a l  

windows. 

( 5 )  To o b t a i n  pho to r raphs  of p o r t i o n s  o f  t h e  Cytherean  disk w i t h  

abou t  10  kni r e s o l u t i o n ,  from t e r m i n a t o r  t o  liuk i n  s e q u e n t i a l  

near-UV and ye l low l i c h t .  

( 6 )  To c o n s t r u c t  p o l a r i z a t i o n  maps of p a r t s  of t h e  area covered  

a t  10 kr; r e s o l u t i o n ,  i n  two s p e c t r a l  windows. 

(7 )  To obsc>rve s u r f a c e  inarkini:s, o r ,  f a i l i n , . ;  t h i s ,  t o  F l a c e  upper  

lilnits on t h e  s i z e  and b r i g h t n e s s  d i f f e r e n t i a l  of any s u r f a c e  

markings t h a t  would remain u n d e t e c t e d .  

'l'he i n s t r u m e n t a t i o n  would c o n s i s t  of two bore - s igh ted  calneras of 

evo lved  Mar iner  d e s i g n ,  mounted on a scan p l a t f o r m .  Tape r e c o r d e r s ,  

similar i n  d e s i g n  t o  t h e  P a r i n e r  C t y p e  b u t  w i t h  h i g h e r  p layback  r a t e s ,  

would be  u t i l i z e d .  The f o l l o w i n g  are i n d i c a t i v e  of t h e  t y p e  of sys tem 

planned:  

Camera t y p e :  Advanced Mariner  C 

Weight:  30 l b s .  (15 on m a n  p l a t f o r m )  

Power consumption:  20 w a t t s  

O p e r a t i o n :  s h u t t e r e d  exposures  a t  minimum of 48-sec. i n t e r v a l s .  

P i c t u r e  r eadou t  24-sec . minimum. 

Volume: 12 x 6 x 10 i n .  on s c a n  p l a t f o r m ;  10  3 i n .  3 on bus.  

A u x i l i a r y  equipment r e q u i r e d :  Data p r o c e s s i n g  e q u i p e n t .  

Video s t o r a g e  system. 
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Auxil iary equipment (cont . ) :  Mechanical platform having two deg. of 

freedom, preferab ly  i n  c lock and i n  

cone angle .  

P lane t  sensor  (op t iona l  i f  ground 

commands used f o r  po in t ing) .  

3 Data Rate: 10 bps t o  spacecraf t  t r ansmi t t e r .  

Data capac i ty  required:  10 b i t s  i n  video s to rage  system (used  7 

severa l  t imes) .  

11. Monostatic Radar iixperiment. 

A d i s t i n c t i o n  is made between monostatic and b i s t a t i c  radar: i n  monostatic 

t h e  t r ansmi t t e r  and r ece ive r  a r e  c lose  ioge ihe i ;  I n  b L s t a t l z  t h e y  B ~ B  v i d o l y  

separa ted .  The power received i n  any monostatic radar system depends on the  

inve r se  fou r th  power of t he  range t o  t h e  t a r g e t ;  thus ,  i f  both te rmina ls  of  a 

radar system can be placed near  t h e  planet  t o  be s tud ied ,  reasonably modest 

powers and antenna s i z e s  can be used as compared with t e r r e s t r i a l - b a s e d  radar 

systems. 

A p r a c t i c a l  minimum monostatic radar  experiment f o r  a Venus flyby mission 

was formulated from t h e  following cons t r a in t s :  

(1) A s  a consequence of t h e  l imi t ed  weight and power c a p a b i l i t i e s  of t h e  

launch vehic le  and spacecraf t ,  t h e  radar experiment i s  l i m i t e d  t o  50 

l b s .  and 75 watts of input  power, r e spec t ive ly .  

(2)  An assumption i s  made t h a t  a m i s s  d i s t ance  o f  about 2000 km from t h e  

su r face  i s  f e a s i b l e ;  as t h e  m i s s  d i s t ance  inc reases ,  t h e  peak power, 

antenna ga in  product must increase  t o  compensate f o r  t h e  added space 

l o s s .  A c l o s e r  approach, of course,  is des i rab le .  
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(3)  The choice of wavelength f a l l s  somewhere between 3 and 10 cm. The 

s h o r t e r  wavelengths l ead  t o  l i g h t e r  equipment but  may not "see through" 

the  Venusian atmosphere. 

(4) The d a t a  ob ta inable  by the  radar must conta in  s i g n i f i c a n t  information 

about t h e  t r a j e c t o r y  and t h e  Venusian sur face .  

I n  order  t o  minimize t h e  weight, a r ada r  system cons i s t ing  of a f ixed  

antenna, a s i n g l e  t r a n s m i t t e r ,  and a rece ive r  is considered. A minimum wave- 

length  of 3.3 cm may be used. An increase  t o  about 6 cm may be  requi red ,  

depending upon t h e  outcome of Earth-based measurements of t h e  Venusian r ada r  

c ross -sec t ion  during 1966. 

The general  parameters of t he  radar system follow: 

Wavelength . . . . . . . . . .  
Antenna . . . . . . . . . . .  
Peak power . . . . . . . . . .  
Pulse width . . . . . . . . .  
Rep. rate . . . . . . . . . .  
Signal-to-noise . . . . . . .  
Input power . . . . . . . . .  
Weight . . . . . . . . . . . .  

3-3  c m  
parabola 1.2 m d i m .  

100 kw 

5 p s e c  
10-20 pulses/sec 

10 t o  40 db 

75 watts 

50 l b s .  ( including 8-ib. antenna) 

The types  of information which would be obta inable  include:  

(1)  Gross p r o f i l e  (averaged over a spot  r a d i u s  of 20 km). 

(2) Range t o  t h e  planetary sur face  ( d a t a  rate 200 bps fo r  30 min.) 

(3 )  Varia t ions  i n  radar  c ros s  sec t ion  with look-angle. 

(4) Pulse-to-pulse f luc tua t ions  ( d a t a  rate 80 bps f o r  30 min.) 

The sur face  parameters ca lcu la ted  from t h e  last two measurements are t h e  

s u r f a c e  roughness t o  a s c a l e  of 1 t o  30 cm, and a b e t t e r  determinat ion of t h e  
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r ada r  r e f l e c t i v i t y .  

Values f o r  p e r m i t t i v i t y  and su r face  l a y e r  dens i ty  can be  made with assumptions 

as t o  su r face  l a y e r  mineral  content or o the r  measurements o f  t h i s  f ac to r .  

These ca l cu la t ions  can be made without assumptions. 

C.  CAPSULE SCIENCE 

A simple capsule or drop sonde can be instrumented t o  provide f i rs t -hand 

information on t h e  temperature,  pressure,  dens i ty ,  and some aspec t s  o f  t h e  

chemical composition of  t h e  Cytherean atmosphere, a l l  as a funct ion of  a l t i t u d e .  

A sonde o f  this type,  although not designed t o  surv ive  t h e  b a l l i s t i c  impact on 

t h e  p l a n e t ' s  sur face ,  should ca r ry  some kind o f  accelerometer t o  d i s t i n g u i s h  

between s o l i d  and l i q u i d  sur faces .  

ins t ruments  t o  ca r ry  out each of these  measurement objec t ives .  

Table 4 lists some poss ib le  s c i e n t i f i c  

I n  consider ing these  capsule  instruments ,  no te  t h a t :  

(1) I n  no case has  t h e  weight of t h e  duc t s  or tub ing  been taken i n t o  

cons idera t ion  (assumed t o  be s t r u c t u r e  weight).  

(2) It i s  desired that t h e  capsule reach a ve loc i ty  o f  Mach I as high 

above t h e  p l a n e t ' s  sur face  a s  poss ib le .  

( 3 )  At t i tude  s t a b i l i z a t i o n  of t h e  capsule  is requi red  f o r  t he  thermo- 

dynamic and photometer measurements. 

(4) The heat  s h i e l d  w i l l  be a source  o f  e r r o r  during t h e  measurements 

due t o  t h e  thermal energy it  w i l l  have a t  t h e  t i m e ,  and due t o  

unpredictable  aerodynamic behavior subsequent t o  the  loss of  t h e  

a b l a t i v e  material. The sh ie ld  should,  t he re fo re ,  be j e t t i s o n e d  or 

its e f f e c t s  on t h e  instruments c l e a r l y  understood. 
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Table 4. T y p i c a l  Capsule  I n s t r u m e n t s  

1 . Thermodynaaic V a r i a b l e s  3 l b s  

a . Tempera ture  

b. F r e s s u r e  

C .  i ) ens i ty  

d .  V e l o c i t y  of Sound 

5 02 

6 o z  

24 oz 
10 02 

2 . Atmospheric Composi t ion 7 lbs 
( s e l e c t  one from t h e  f o l l o w i n g  c a t e g o r i e s )  

a . Mass Spec t romete r  

b.  Gas Chromatograph 

c . Simple Composi t ion 

*2O 

O2 

3 0 

A 

N2 

c02 

5 l b s  

6.5 lbs 
8 lbs 

1.5 l b s  

1.5 l b s  

1.5 l b s  

1.5 l b s  

1.0 l b s  

1.0 l b s  

3. Visual I ’hotoneter  2 l b s  

4. Impact Acce lerometer  3 lbs 

5. S c i e n c e  Data System 4 lbs 
TOTALS 1 9  lbs 

Power - 
2.5 w 

6 w  

6 w  
5 w  
6 w  

l w  

l w  

l w  

l w  

l w  

l w  

l w  

l w  

2 w  

12.5 w 
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1. Thermodynamic V a r i a b l e s .  

Four i n s t r u m e n t s  are sugTes ted  f o r  t h e  thermodynamic v a r i a b l e s  pack- 

age .  These a r e :  p r e s s u r e ,  d e n s i t y ,  t e m p e r a t u r e ,  and  v e l o c i t y  of  sound. 

Each has a n  a n a l o g  o u t p u t .  S t e r i l i z a t i o n ,  i f  r e q u i r e d ,  does  n o t  appea r  

t o  be a r rob lem w i t h  t h e s e  i n s t r u a e n t s .  
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d e n s i t v .  T h i s  i n s t r u m e n t  u s e s  .-rz~rua-ray back  s c a t t e r  w i t h  a 2 C  

c u r i e  s o u r c e  t o  o b t a i n  s s e n s i t i v i t y  of a p p r o x i n a t e l y  2 x 10-5 E m / c c ,  

over  E ~ r e s s u r e  r a n r e  f r o =  ‘2.1 x t o  10 a tEosFneres .  T h i s  in6trurr.ent 

n u s t  be l o c a t e d  a d j a c e n t  t G  t h e  c a p s u l e  w a l l .  

L 

b. Tempera ture .  A v o r t e x  t u b e  mst be deFloyed  i n  f r e e  stream; t h u s ,  

t h e  i n s t r u m e n t  must be c a l i b r a t e d  as p a r t  of t h e  c a F s u l e  s y s t e x .  The 

dynanlic r a n g e  is from 150 I. t o  800 E: and i t  can  rneasure from 0.7 Mach I 

down. 

0 0 

c . k e s s u r e  . Two s e n s o r s  and  a s s o c i a t e ?  e l e c t r o n i c s  are  r e q u i r e d  , 
each  measur ing  1% i n .  d i a m t e r  by 2 i n .  l o n g .  The a c c u r a c y  of  t h e  p r e s s u r e  

r e a d i n g  i s  0.01 p s i  of t h e  ambient  p - e s s u r e ,  and t h e  r e sFonse  t i m e  is a b o u t  

0.4 s ec .  The i n s t r u a e n t  can  measure from 0.7 I.acn I down. The i n s t r u m e n t  

must have B F r e s s u r e  d i f f e r e n c e  between t h e  s t a t i c  p r e s s u r e  p o i n t  of t h e  

c a g s u l e  and  t h e  i n s t r u u e n t  t r a n s d u c e r  which is s u i 1 1  corcpared t c  t h e  magni- 

t u d e  of  t h e  neasu reEen t .  

d .  V e l o c i t y  of Sound. The r e s p o n s e  t i n e  f o r  t h i s  i n s t r u m e n t  i s  n e g l i -  

v E i b l e  and  i t s  a c c u r a c y  i s  abou t  1 p e r c e n t .  It can  measure fron 0.7 I,’.ach I 

down. 



2 . A t m o s ~ h e r i c  Conpos i t i on .  

a. Des i r ed  d a t a .  a t m o s r h e r i c  composi t ion  can  be de t e rmined  by e i t h e r  

a mass s p e c t r o m e t e r ,  gas chroniatograph,  o r  t h e  s e r i e s  of  s i m p l e  composi- 

t i o n  i n s t r u m e n t s .  The elerr ,ents and  compounds of mjor i n t e r e s t  are:  H20, 

3' 6 ,  N2, C02,  hydrocarbons  ( formaldehyde ,  niethol complex) ,  and  0 
O2 

l n  t h e  c a s e  of 02, A ,  t h e  hydrocarbons ,  and 0 i t  would be  d e s i r a b l e  

t o  know t h e  percentar .e  or amount p r e s e n t  t o  a few p a r t s  pe r  m i l l i o n ;  how- 

3 '  

e v e r ,  for II 0 ,  C O z ,  and I? 

be d e s i r a b l e  t o  have t h e  c a p a b i l i t y  of d e t e c t i n g  gaseous  v o l c a n i c  emina- 

a one p e r c e n t  a c c u r a c y  is s u f f i c i e n t .  I t  would 
2 2' 

t i o n s .  

The method of o b t a i n i n g  t h e  a tmosphe r i c  sample f o r  t h e s e  i n s t r u m e n t s  

is a Brimary c a p s u l e  d e s i g n  c o n s t r a i n t .  

0 
b.  -- ILass Spec t ro ine te r .  A 60 magnet ic  s e c t o r  mss s p e c t r o m e t e r  is b e i n g  

It has a dynamic ran;;e of lo5, which would c o n s i d e r e d  f o r  t h i s  exyer iment .  

a l low 0.01 p e r c e n t  components t o  be measured if one assumes a f ac to r  of t e n  

padding i n  t h e  Venus a tmosphe r i c  p r e s s u r e  es t imate .  Gaseous c o n s t i t u e n t s  

w i t h i n  t h e  mass r a n g e  a t  12-50 w i l l  be d e t e c t a b l e .  A few of t h e s e  are:  

C H 4 ,  H20, Ne, N Z s  02, A r ,  C02. 

All of t h e s e  c o n s t i t u e n t s  c a n  be de t e rmined  i n  t h e  p r e s e n t  s y s t e m  down 

t o  0.1 p e r c e n t  b y  volume. The i n p u t  p r e s s u r e  sampl ing  l i m i t  would be  0.5 

a tmosphere  or  l e s s .  The lower  t h e  p r e s s u r e ,  t h e  l e s s  complex t h e  sampl ing  

s y s t e m  would be.  The mass s p e c t r o m e t e r  w i t h  t h e  p r e s e n t  a l l - s o l i d - s t a t e  

e l e c t r o m e t e r  c a n  m a i n t a i n  i t s  dynamic r a n g e  w i t h  a 60-sec. s c a n  between 
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m a  ses 1 2  

scan  cou ld  

nd 50. I f  t h e  dynamic r ang  

be made i n  2 sec .  

w e r  4 r educed  t o  10 , a si 

The number of d a t a  b i t s  r e q u i r e d  by t h i s  exper iment  is d i f f i c u l t  t o  

a s s e s s  w i t h o u t  s y e c i f  i c  t e l e m e t r y  ground r u l e s .  Complete a n a l o g  s p e c t r a  

would r e q u i r e  2500 b i t s .  U t i l i z i n g  peak d e t e c t i o n  methods,  one c o u l d  

de t e rmine  t h e  a b s o l u t e  partial p r e s s u r e s  of t h e  t h r e e  major components 

f o r  l e s s  t h a n  100 b i t s .  The d a t a  r e q u i r e m e n t s  of t h e  mass s p e c t r o m e t e r  

depend e n t i r e l y  upon t h e  s o p h i s t i c a t i o n  of t h e  s c i e n t i f i c  d a t a  r e q u i r e d ,  

I’lany t r a d e - o f f s  occur  between t h i s  lower  l i m i t  of 100 b i t s  and t h e  upper  

l i m i t  of 2500 b i t s  p e r  second. 

3. Impactorneter. 

A d e v i c e  t o  i n d i c a t e  t h e  h a r d n e s s / d e n s i t y  of t h e  Cytherean  s u r f a c e  

from t h e  b a l l i s t i c  impact  of t h e  c a p s u l e  is v e r y  d e s i r a b l e .  In s t rumen ta -  

t i o n  t o  per form t h i s  measurement i s  l i m i t e d  by c a p s u l e  w e i g h t ,  power, d a t a  

r a t e ,  a n d ,  f i n a l l y ,  by d e s t r u c t i o n  upon impact .  

The s u g g e s t e d  experiment  i s  an  impact  a c c e l e r o m e t e r  des igned  t o  p rov ide  

a n  order-of-magnitude measurement of t h e  h a r d n e s s / d e n s i t y  of t h e  s u r f a c e  

i n t o  which i t  impac t s  by i n d i c a t i n g  t h e  r a t e  of change of v e l o c i t y  measured 

between t h e  d i s c h a r g e  of one e l e c t r o d e  i n  t h e  o u t e r  s k i n  of t h e  c a p s u l e  

and a second e l e c t r o d e  in t h e  i n n e r  s k i n  of t h e  c a p s u l e .  The c a p s u l e  would 

be a c t i n g  a s  a hol low s h e l l - t y p e  a c c e l e r o m e t e r .  

A t  i m p a c t ,  t h e  o u t e r  e l e c t r o d e  b e g i n s  t o  c o l l a p s e  o r  f l a t t e n  o u t .  The 

i n n e r  e l e c t r o d e ,  n o t  p h y s i c a l l y  connec ted  t o  t h e  o u t e r  s h e l l ,  f e e l s  no 
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f o r c e s ,  hence c o n t i n u e s  forward  w i t h  i ts  v e l o c i t y  unchanged. If t h e  

t a r g e t  s u r f a c e  i s  comple t e ly  u n y i e l d i n g ,  as is n e a r l y  t h e  c a s e  w i t h  

solid rock, t h e  o u t s i d e  c a p s u l e  s u r f a c e  w i l l  f l a t t e n  on t h e  impact  s u r -  

f a c e ,  and t h e  o r i g i n a l  d i s t a n c e  between t h e  t w o  e l e c t r o d e s  w i l l  c l o s e  a t  

t h e  impact  v e l o c i t y .  I f ,  on t h e  o t h e r  hand,  t h e  impact  s u r f a c e  i s  of  

ve ry  low d e n s i t y ,  or y i e l d i n g ,  such  as  w a t e r ,  t h e  f l a t t e n i n g  of t h e  o u t e r  

s u r f a c e  and t h e  t ime  between p u l s e s  f ro i J  t h e  d i s c h a r g e  of each  e l e c t r o d e  

w i l l  be l o n g e r .  The e n t i r e  c a p s u l e  would be d e s t r o y e d  upon impac t ,  or a 

few microsecond6 a f t e r  t h e  impact a c c e l e r o m e t e r  had passed i t s  two p u l s e s  

t o  t h e  c a p s u l e  t r a n s m i t t e r .  
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Tab le  A - 1 .  S e l e c t e d  F l a n e t a r y  Uata f o r  Venus 

- Hass: 4.86954 x grams ( I h r i n e r  I1 v a l u e ,  1 9 6 2 )  

4.85 x grams ( f r o n  Rabe by p e r t u r b a t i o n s  of a s t e r o i d  Eros ,  1 9 5 0 )  

Diameter:  1 2 , 1 9 8  km (0.955 s p h e r i c a l  E a r t h  d i a m e t e r )  (Menzel and de Vau- 
c o u l e u r ,  from o c c u l t a t i o n  of Regu lus ,  1961; d e p t h  of 
a tmosphere  e s t i m a t e d  a t  49 km) 

1 2 , 5 9 0  km (0.988 Garth) (Rabe, 1 9 2 9 )  

1 2 , 4 0 0  km (0.973 E a r t h )  ( R u s s e l l ,  Dugan, and S t e w a r t ,  1945) 

Dens i ty :  4.99 $0.15 (Habe, 1 9 5 0 )  

4.9 ( R u s s e l l ,  Dugan, and S t e w a r t ,  1945) 
4.86 ('.dhipple, 1941) 
5.03 k0.12 ( J e f f r e y s ,  1937) 
5.06 (Urey , 1957 1 
5.21 (Smar t ,  1951 

- S u r f a c e  Gravi tg :  a round 0.86 E a r t h  g r a v i t y  

O b l a t e n e s s :  unknown 

R o t a t i o n  P e r i o d  and Axis O r i e n t a t i o n :  

+7 days  
-250 dags -4 dags w i t h  s p i n  a x i s  p o i n t i n g  toward 

O t O  6 = 4 8  -4 

Grb i t  a1 E c c e n t r i c  i t  y : 0 . 007 
I n c l i n a t i o n  of O r b i t :  3' 2 4 '  

D i s t a n c e  t o  E a r t h  a t  I C :  42 x 10 km 

D i s t a n c e  a t  S C :  257 x 10 km 

6 

6 -- 
S i d e r e a l  Period 

of Revolution: 225 days 
6 

Mean Distance t o  Sun: 108 x i o  km 
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Table A-2. Typical Flyby Lxperiments 

and directional measurements. - 

Instrument _-___ ______- 
la. Microwave Spectrometer 

(Atmospheric Sensor) 

lb. Microwave Imager 
(Surface Imager) 

-___- 
IC. Microwave Spectrometer/ 

(Combined Atmospheric 
Sensor and Surface 
Imager 1 

- 

2. Infrared Experiment 

. . - -__ 
3. Magnetometer 

- _  ~ -.--- -- 
4. Solar Plasma Experiment 

~~~ -~ ~ ~~ ~ 

Remarks 

Obtain the limb-to-limb bright- 
ness ternpc rature at several 
wavelengths from 3 mm t o  3 cm. 
From these data, one would hope 
to get information about the 
composition, the three-dimen- 
sional physical and thermal 
structure, the circulation, the 
density, etc., of the atmosphere. 

Obtain a thermal map of a tra- 
verse of the Venusian surface at 
a wavelength longer than 3 cm. 
From these data, one would hope 
to get information on planetary 
geomorphology, thermal abnormal- 
ities, and an estimate of sur-  
face composition and structure. 

Same as la and lb. 

. - --.- 

- - - ._ __ -- _ _  

Michelson interferometer tech- 
-1 nique at 1.2 to 5 microns with 

a spectral resolution of 0.5 cm 
for information about atmospheric 
composition, vertical temperature 
and nature and height of clouds. 

To investigate planetary and 
interplanetary magnetic fields, 
their relationship, character- 
istics, magnitude, direction, 
and orientation. 

Similar to OGO-E plasma experi- 
ment for making detailed energy 
measurements, as well as flux 

- - - - - - - - - --_-__-1_1 
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Table A-2. Typical Flyby Lxperiments - (cont . )  

l n s t  rument 
-__I--_ I_ _____-I-- -- 

5 .  Trapped Radiation 
Detectors  

I 

6. Cosmic Dust  

--- .- . - - . - 
7. H.F. Occul ta t ion  

- - . - - - 
8. P a r t i c l e  Flux/ 

Ion Chamber 

- 
9. Photo-Imaging 

Experiment 

- 

10. U l t r a v i o l e t  Spectroscopy 

I . . - - - 
11. Radar Experiment 

- -. --- 
W t - i  g h t  

2.6 I b  

- .  

L * '  l i >  

c '  ' I  1 I, 

15 i~ 

25 I b  

50 l b  

___--___. - x - -  

R m a r k s  
- -  _ I _ _ _ ^ _ I  - . - -  

1 l i~r~t.t .al .)  : 'I L i , t  a rch  fo r  mugnet- 

lil k i c i n i t )  o f  Venus. I f  r,resc.nt 
1 L . ? t u d j  i i i ten:, i ty,  d i r e c t i o n a l  
UIJ :,ilat i a l  di : i t r ibut ion;  a l s o  
j 1 1 1  t 1.1 larit t ~ I I . $ ,  c o s m i c  r a y s .  

l n t  ei planetat-J ; To measure f l u x  
(~t' cosmic dubt p a r t i c l e s  as func- 
1 i o n  of a i r c o t i o n ,  d i s t ance  from 
:;tin, arid nJcJRIent urn with respec t  t o  
h I ~ i ~ C e C r ' a f t  . 
t J l a i r t  t u r y :  I 1 : ; ~  e cher1gt.s i n  
L,'C r a d i o  d g m l  r e s u l t i n g  from 
c i  l e c t  of Venus atmosphere during 
oc c u 3  t a t i on. 

P a r t i c l e  I ' lux,  i n t e rp l ane ta ry :  
Used i n  conjunct ion with i o n  
chamt)ei t o  monitor energe t ic  
p a r t i c l e  and photon r a d i a t i o n  i n  
i n t  e r ~ , l a n e t o i y  space. Provides 
semi quunt i t  at i ve da t a  about 
energy and p a r t i c l e  types com- 
ros ing  t h e  r ad ia t ion .  
JXChamber ,  i n t e rp l ane ta ry :  To 
measure t o t a l  i on iz ing  r a d i a t i o n  
(cosmic rays and/or p a r t i c l e s )  
and v a r i a t i o n  with time and posi-  
t i o n  i n  t h e  s o l a r  system. 

Would provide information about 
na ture  and s t r u c t u r e  of  Cytherean 
atmosphere similar t o  d a t a  from 
e a r l y  U.S. s a t e l l i t e s  f o r  Earth.  

net erminat i on  of abundance and 
height  d i s t r i b u t i o n s  of p r i n c i p a l  
titmospheric cons t i t uen t s  obtained 
from U V  s p e c t r a  of day, n igh t ,  
and twi l igh t  por t ions  of Venus, 
with emphasis on l i g h t e d  s ide .  

Would provide information on 
su r face  p r o f i l e  or topography, 
range t o  p lane tary  sur face ,  small- 
s c a l e  su r face  roughness (1 t o  30 
cm), and r e f l e c t i v i t y  and e lec t r i -  
cal p rope r t i e s  o f  p lane tary  surface.  

1 charged p a r t i c l e s  

- - - _  

- - - __ _ _ ~ -  

- ----- -I--- -- 

- I - - . - - -- _ _  - - - _. 

--- - 
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Table A-3* Typical  Capsule Instruments 

Instrument 

Aerometeorom- 
eter 

P a s s  Spec- 
trometer* 

- . 

Gas Chroma- 
t ogra ph * 

-. 

Simple Corn- 
pos i t i on*  

Measurement C a p a b i l i t i e s  

S t a t i c  Temperatgg: 180-8000~ 

surement) 
of ambient (accuracy of mea- 

s t ~ t i c + m S U T g :  10 2 t o  2.5 x 
2 2 

10 newtons’meter 250 f o r  1(; 
fi ’f 

t o  l*> x 10 f l , u  above 1.5 x 113 
(accuracy of measurement) 

gensi ty:  2 x t o  30 i l p ~  
meter3 *l% of ambient (accui-acy 
of measurement 

Beta &ay: 
tiamma Xay: 

yelaci:ysf S~UXXJ: 250 t o  380 
meters/sec; 1% of ambient 
(accuracj  of  measurement 1 

Determination of t h e  composi- 
t i o n  of t h e  atmosphere i n  the  
mass range of  12  t o  50 amu 

Determination of t h e  composi- 
t i o n  of t h e  atmosphere 

-.I.. - - _ _  .. . . 
H2G (vapor) :  

range 

02: 

0 : 
3 

A : 

0 t o  2ib (dynamic 

0 t o  10% (dynamic range) 

0 t o  5 ppm (dynamic range) 

0 t o  lC% (dynamic range) 

: 0 t o  90,h (dynamic range) 
N2 

CG2: 5 t o  100L (dynamic range) 

~~ 

Approx. 
Weight 

5 02 

6 oz 

12 02 
24 oz 

10 02 

- . - - ___- - 

5 l b  

6.5 l b  

- .  

1.5 l b  

1.5 l b  

1.5 l b  

1.5 l b  

1.0 l b  

1.0 l b  

Approx. 
Fower 

70 mw 

100 mw 

250 mw 
2.0 w 

300 mu 

. - - - -- .- 

6 w  

5 w  

1.0 w 

1.0 w 

1.0 w 

1.0 w 

1.0 w 

1.0 w 

Bits/sample & 
Total Info. 

(Venus 1 

9 bits/sample 
measure every 
500 meters 
9 bits/sample 
7 bits/sample 
measure every 
500 meters 

17 b i ts/sample 

measure every 
500 meters 

10 b i t  s/sample 
measure every 
5000 meters 

1100 b i t s /  
sample; 5500 
b i t s  t o t a l  

-- -- - ---I 

200 b i t s /  
sample; 800 
b i t s  t o t a l  

7 bits/sample 
105 b i t s  t o t a l  

7 bits/sample 
35 b i t s  t o t a l  
7 bits/sample 
105 b i t s  t o t a l  

7 bits/sample 
35 b i t s  t o t a l  

7 bits/sample 
35 b i t s  t o t a l  

7 bits/sample 
70 b i t s  to ta l  

-- 

S e l e c t  one instrument froiit rnd:>:> ril,ect I G m t  t t I , p>as chromatograph, o r  
s imple composi t iorl. 

-_- - - - - 
l_l - - - . 
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Table A-3. Typical Capsule Instruments - (cont.)  

Instrument 

Impact ome t er 

Visual or U V  
1,hotomet e r  

-. . . . . - - .  . . .  

Measurement Capabi l i  t j e s  
.-__-.- -".- . -. - 

Dis t inguish  between a hard cnd a 
s o f t  sur face ;  e a t . ,  unconsc1~-  
da ted  s a n d - l i k e  mzter inl  a11 i <ill.; 

consol idated LUI f A c e  

ky,prox. 
Power 

-_...----- 

I 

Bits/sarnple & 
Tota l  Info. 

(Venus 1 


