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FINAL REPORT 

BUOYANT VENUS STATION FEASIBILITY STUDY 

VOLUME I11 - INSTRUMENTATION STUDY 

By A. R .  Barger  and J.  F. Baxter  
Mar t in  M a r i e t t a  Corpora t ion  

lNSTRUMEN TATlON STUDlES - T A S K  4.2 

The contractor shall establish the scienti f ic objectives and inves- 
tigate various scientific experiments to determine their possible use on 
the buoyant station. The contractor shall establish a reference coordi- 
nate system and investigate the measurements required to determine the 
station p o si tio n. 

SUMMARY 

The p r e s e n t  knowledge of Venus i s  appra i sed  and t h e  g e n e r a l  
s c i e n t i f i c  o b j e c t i v e s  of an e a r l y  Venus mis s ion  a r e  d e f i n e d .  More 
s p e c i f i c  o b j e c t i v e s  o r  measurements a r e  g iven  and p r i o r i t i e s  a s -  
s i g n e d .  Experiments t h a t  r e l a t e  t o  t h e s e  o b j e c t i v e s  and t h a t  are 
compat ib le  w i th  t h e  buoyant Venus s t a t i o n  (BVS) concept  a r e  ex- 
amined and ar ranged i n t o  payloads f o r  a 200- and a 2000- lb BVS. 

The d e t a i l e d  c h a r a c t e r i s t i c s  of t h e  exper iments ,  s e v e r a l  drop 
sonde c o n f i g u r a t i o n s ,  t h e  atmospheric  c i r c u l a t i o n  p a t t e r n ,  p o s s i -  
b l e  BVS miss ions  and t r a j e c t o r i e s ,  and t r a c k i n g  i n s t r u m e n t a t i o n  
a r e  d i s c u s s e d  i n  t h e  Appendixes A t h r u  E .  

The eng inee r ing  i n s t r u m e n t a t i o n  de t e rmina t ion  t a s k ,  which w a s  
o r i g i n a l l y  p a r t  of  t h i s  t a s k ,  i s  d i scussed  i n  Volume I1 of t h i s  
r e p o r t .  



INTRODUCTION 

The t h r e e  broad,  g e n e r a l  o b j e c t i v e s  of a l l  p l a n e t a r y  s c i e n c e  
are: (1) an unders tand ing  of t h e  o r i g i n  and e v o l u t i o n  of t h e  so- 
l a r  system, (2) an unders tand ing  of t h e  o r i g i n  and e v o l u t i o n  of 
l i f e ,  and (3) an unders tand ing  of t h e  dynamic p rocesses  t h a t  shape 
t h e  p l a n e t a r y  environment ( r e f .  1). Each p l a n e t  h a s  a s s o c i a t e d  
w i t h  it a c e r t a i n  body of knowledge, ga ined over  t h e  yea rs  from 
o b s e r v a t i o n a l  and t h e o r e t i c a l  i n v e s t i g a t i o n s .  For each p l a n e t  
t h e r e  i s  a l s o  a s e t  of u n c e r t a i n t i e s  and l i m i t a t i o n s  t o  our  knowl- 
edge. It i s  t h e  b a s i c  o b j e c t i v e  of t h e  buoyant Venus s t a t i o n  (BVS) 
t o  e l i m i n a t e  as many of t h e s e  u n c e r t a i n t i e s  as p o s s i b l e  whi le  a t -  
t a c k i n g  problems of g r e a t e s t  r e l e v a n c e  t o  t h e  t h r e e  o b j e c t i v e s  
s t a t e d  above. 

Although Venus i s  c l o s e r  t o  Ear th  than  Mars, and i s  more l i k e  
E a r t h  i n  mass, s i z e ,  and d e n s i t y ,  our  p r e s e n t  knowledge of Venus 
l a g s  behind t h a t  of Mars. There a r e  s e v e r a l  r easons  f o r  t h i s .  
Most of our  in fo rmat ion  on p l a n e t a r y  c h a r a c t e r i s t i c s  i s  d e r i v e d  
from remote s e n s i n g .  Because Venus a p p a r e n t l y  has  a complete and 
c o n s t a n t  c loud cover  i n  i t s  atmosphere, remote s e n s i n g  of t h e  s u r -  
f a c e  and atmosphere below t h e  c loud  i s  impeded. Thus, we have r e l -  
a t i v e l y  l i t t l e  in fo rmat ion  on subcloud c o n d i t i o n s .  The presence  
of t h e  c loud cover  a l s o  makes i n t e r p r e t a t i o n  of any remote s e n s i n g  
o b s e r v a t i o n s  ext remely  d i f f i c u l t .  With a l a c k  of good o b s e r v a t i o n-  
a l  d a t a ,  a c c u r a t e  t h e o r e t i c a l  deduc t ions  a r e  l i m i t e d .  I n  a d d i t i o n ,  
t h e  apparen t  d i f f e r e n c e s  between E a r t h  and Venus i n  r o t a t i o n  r a t e ,  
c l o u d i n e s s ,  a tmospher ic  p r e s s u r e s ,  t empera tu res ,  and composi t ions  
p rec lude  ex tend ing  our  knowledge by arguments based on analogy.  

The major s c i e n t i f i c  q u e s t i o n s  and u n c e r t a i n t i e s  a s s o c i a t e d  
wi th  Venus revo lve  around t h e  s u r f a c e  and s u b s u r f a c e ,  t h e  c loud 
l a y e r ,  t h e  atmosphere,  and t h e  presence  o r  absence of l i f e  on t h e  
p l a n e t .  Microwave o b s e r v a t i o n s  sugges t  an ex t remely  h o t  s u r f a c e  
- -  600°K. However, r e c e n t  s u g g e s t i o n s  t h a t  t h e  microwave emiss ion 
may b e  i n  l a r g e  p a r t  no t  s u r f a c e  r a d i a t i o n  b u t  r a t h e r  some form 
of e l e c t r i c a l  d i s c h a r g e s  i n  t h e  atmosphere would i n d i c a t e  a much 
lower average  s u r f a c e  t empera tu re .  Thus, a t  p r e s e n t  it  appears 
our knowledge of t h e  average  s u r f a c e  t empera tu re  of Venus may be 
u n c e r t a i n  by a f a c t o r  of two. Our knowledge of t h e  h o r i z o n t a l  
t empera tu re  g r a d i e n t  a t  t h e  s u r f a c e  -- from s u b s o l a r  p o i n t  t o  a n t i  
s o l a r  p o i n t ,  o r  s u b s o l a r  p o i n t  t o  po le  -- i s  even more u n c e r t a i n .  
The c u r r e n t  e s t i m a t e  of t h e  a tmospher ic  p r e s s u r e  a t  t h e  s u r f a c e ,  
about 10 a t m ,  i s  probably  u n c e r t a i n  by a f a c t o r  of f i v e .  The na- 
t u r e  of t h e  s u r f a c e  and s u b s u r f a c e  i s  almost comple te ly  i n  t h e  
realm of t h e o r e t i c a l  s p e c u l a t i o n .  

2 



The c loud  l a y e r ,  t h e  on ly  t h i n g  on Venus t h a t  w e  see, i s  no t  
unders tood a t  a l l .  Although r e c e n t  s p e c t r o s c o p i c  o b s e r v a t i o n s  i n -  
d i c a t e  an i ce  c r y s t a l  composi t ion,  no t  a l l  s c i e n t i s t s  ag ree  wi th  
t h i s  i n t e r p r e t a t i o n .  Thus, t h e  n a t u r e  of t h e  c loud l a y e r  must be 
cons ide red  u n c e r t a i n .  Aside from t h e  u n c e r t a i n t y  i n  t h e  c loud l a y -  
e r ' s  composi t ion,  i t s  t h i c k n e s s  and h e i g h t ,  h o r i z o n t a l  e x t e n t  and 
temporal  v a r i a t i o n s ,  and forming and s u s t a i n i n g  mechanisms are un- 
known. 

Our p r e s e n t  knowledge of  t h e  Venusian atmosphere i s  a l s o  mea- 
g e r .  Carbon d i o x i d e  i s  d e f i n i t e l y  p r e s e n t ,  and t h e r e  a r e  i n d i c a -  
t i o n s  of small amounts of w a t e r  vapor ,  HCR, and HF. However, we 
do n o t  know whether  t he  atmosphere i s  5 o r  90% carbon d iox ide  o r  
what t h e  o t h e r  major c o n s t i t u e n t s  a r e ,  b u t  w e  do know t h a t  oxygen 
i s  n o t  p r e s e n t  i n  any s i g n i f i c a n t  amount. With r ega rd  t o  s t a t e  
and s t r u c t u r e  parameters  such as p r e s s u r e ,  d e n s i t y ,  and tempera-  
t u r e  and t h e i r  v a r i a t i o n s  wi th  h e i g h t ,  l o c a t i o n ,  and t i m e ,  w e  
have on ly  a few i n d i c a t i o n s  based on i n f e r e n c e s  from remote s e n s -  
i n g .  Temperatures i n  t he  v i c i n i t y  of t he  c loud l e v e l  appear  t o  
be about  235°K on both  s u n l i t  and dark  s i d e s  of t h e  p l a n e t  and 
t h e  a tmospher ic  p r e s s u r e s  i n  t he  v i c i n i t y  o f  t h e  c loud l e v e l  ap-  
pear  t o  be abou t  1 atm. Our knowledge of t he  winds and atmos- 
p h e r i c  c i r c u l a t i o n  p a t t e r n  i s  l i m i t e d  t o  some t h e o r e t i c a l  e s t i -  
mates based  on wind systems on a n o n r o t a t i n g  p l a n e t .  No obse rva-  
t i o n s ,  even remote,  of  Venusian winds a r e  a v a i l a b l e .  

With r e g a r d  t o  t h e  p o s s i b i l i t y  of l i f e  on t h e  p l a n e t ,  o n l y  i n -  
d i r e c t  o b s e r v a t i o n a l  i n f e r e n c e s  can be made. I f  t h e  s u r f a c e  i s  
r e a l l y  h o t ,  chances f o r  l i f e  on t h e  s u r f a c e  a r e  remote. But b i -  
o l o g i s t s  would s t i l l  c l i n g  t o  t h e  p o s s i b i l i t y  of l i f e  f l o a t i n g  i n  
t h e  atmosphere, o r  on mountains o r  i n  c o l d  s p o t s  on t h e  p l a n e t .  
I f  t h e  s u r f a c e  tempera ture  i s  n o t  r e a l l y  so h igh ,  t h e  c a s e  f o r  
l i f e  on t h e  p l a n e t  would be enhanced. 

The s p e c i f i c  s c i e n t i f i c  o b j e c t i v e  of t h e  BVS should  be t h e  
conduct of experiments  aimed a t  removing t h e  p re sen t  u n c e r t a i n t i e s  
i n  our  knowledge of t h e  s u r f a c e  and subsu r face ,  c louds ,  atmosphere, 
and l i f e  on Venus, as  desc r ibed  above. The BVS concept  has  t h e  
g r e a t  advantage of a l lowing (1) d i r e c t  i n  s i t u  o b s e r v a t i o n s ,  (2) 
sampling both  v e r t i c a l l y  and h o r i z o n t a l l y ,  and (3) reprograming 
of t h e  experiment format  t o  p e r m i t  i n v e s t i g a t i o n s  based on t h e  
i n i t i a l  o b s e r v a t i o n s .  The experiments  sugges ted  should  be des igned 
t o  answer as many as p o s s i b l e  of t h e  q u e s t i o n s  r a i s e d  above and t o  
f u l l y  u s e  t h e  i n h e r e n t  v e r t i c a l  and h o r i z o n t a l  sampling c a p a b i l i -  
t i e s  of t h e  BVS. 

Appendix E cif t h i s  volume W A S  w r i t t e n  by J. D .  P e t t u s ,  M. L .  
S a l i s ,  and E .  P .  F r i e n d ,  Mar t in  M a r i e t t a  Corpora t ion ,  Denver 
D i v i s i o n .  
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PRESENT KNOWLEDGE OF VENUS 

The f i r s t  t a s k  of t h e  i n s t r u m e n t a t i o n  s t u d y  w a s  t o  a p p r a i s e  
p r e s e n t  knowledge of Venus and t o  i d e n t i f y  those  problems t h a t  
appear most amenable t o  s o l u t i o n  w i t h  the  technology a t  hand o r  
l i k e l y  t o  be a t  hand by the  mid-1970s. Although a comprehensive 
su rvey  and c r i t i q u e  of t h e  p r e s e n t  knowledge of Venus w a s  beyond 
the  scope of t h i s  s t u d y ,  a survey was made of  s e v e r a l  e x i s t i n g  
review a r t i c l e s  and of ea r l i e r  s t u d i e s  performed f o r  NASA ( r e f .  
2 t h r u  1 9 ) .  To paraphrase  a r e c e n t  speaker  on the  s u b j e c t ,  'We 
know a l i t t l e  more than we d i d  s e v e r a l  y e a r s  ago, much l e s s  than 
w e  shou ld ,  and unders tand much, much less than  we know." 

Observat ions  and I n t e r p r e t a t i o n s  

General  p l a n e t a r y  d a t a .  - The r e l a t i v e  p o s i t i o n s  of E a r t h  and 
Venus as they w i l l  be dur ing  1972 a r e  shown i n  f i g u r e  1. Other 
g e n e r a l  c h a r a c t e r i s t i c s  a r e  summarized i n  t a b l e  1. The o r b i t a l  
e lements  are w e l l  known and the  r o t a t i o n  ra te  has r e c e n t l y  been 
determined by r a d a r  methods a t  t h e  J P L  Goldstone f a c i l i t y .  The 
r o t a t i o n  r a t e  g iven by G o l d s t e i n  i s  about  t h a t  r e q u i r e d  by Venus 
t o  p r e s e n t  t h e  same f a c e  t o  E a r t h  a t  each i n f e r i o r  con junc t ion  
(243.16 days ,  s i d e r e a l ) .  Th i s  appears  t o  be a m a n i f e s t a t i o n  of 
a resonance e f f e c t  between E a r t h  and Venus. 

Venus appears  t o  be complete ly  c loud covered and,  hence,  the  
d iameter  of the  s o l i d  g lobe i s  n o t  known. However, r a d i o  i n t e r -  
ometry techniques  i n d i c a t e  t h a t  the  s u r f a c e  ( o r  t h e  r a d i o  e m i t -  
t i n g  l a y e r )  l i e s  about  50 t o  60 km below t h e  top of the  v i s i b l e  
c loud l a y e r .  

This c loud l a y e r ,  which i s  presumably opaque t o  a l l  b u t  micro-  
wave and longer  wavelengths ,  i s  the  main cause of our  l a c k  of knowl- 
edge of the  atmosphere and s u r f a c e  of Venus. 

Atmospheric t empera tu re .  - The a tmospher ic  temperatures  have 
been i n f e r r e d  from i n f r a r e d  radiometry  a t  8 t o  1 4  p and from t h e  
v i b r a t i o n - r o t a t i o n  bands of CO, i n  t h e  nea r  i n f r a r e d  ( e . g . ,  7820 
t o  860011). The temperatures  g iven  by I R  radiometry  (-234OK) r e -  
f e r  t o  l e v e l s  i n  the  v i c i n i t y  of the  c loud t o p s ,  w h i l e  the  temper- 
a t u r e s  g iven b;, the  CO, bands range from 300 t o  700°K and presum- 
a b l y  r e f e r  t o  d i f f e r e n t  l e v e l s  i n  t h e  atmosphere seen  through 
breaks  i n  the  c l o u d s .  The l e v e l s  t o  which t h e  measured tempera- 
t u r e s  correspond cannot  be s p e c i f i e d  t o  g r e a t e r  p r e c i s i o n  than 
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Vernal  
equinox 

D i s t ance  from sun 
Aphelion 

P e r i h e l i o n  

Mean 

O r b i t a l  e c c e n t r i c i t y  

8 

6 
108.9 x 10 km, .728 AU 

107.5 x LO6 km, .718 AU 

108.0 x 10 km, .723 AU 

.00679 

6 

J u l y  24, 1972 

O r b i t a l  i n c  1 i n a  t i o n  

S i d e r e a l  p e r i o d  of r e v o l u t i o n  
(about  sun)  

Longi tude  of a scend ing  node 

Longi tude  of p e r i h e l i o n  

S i d e r e a l  pe r iod  of  r o t a t i o n  
( abou t  p o l a r  a x i s )  

Axis  o r i e n t a t i o n  

Mass 

V i s i b l e  d i ame te r  

Radio  d i ame te r  

Ob l a t e n e s s  

Mean d e n s i t y  

F i g u r e  1. - R e l a t i v e  P o s i t i o n s  of E a r t h  and Venus, 1972 

3'24' 

224d 16h 48m 
(1 .6  deg/day)  

76O.35 

131O.05 

-243 days ( r e t r o g r a d e )  
(1.48 deg/day)  ( a )  

98" 2 5" ( r i g h t  a scens ion )  
-69" 5 2" ( d e c l i n a t i o n )  (a)  

408 300 r e c i p r o c a l  s o l a r  mass 
.a1485 E a r t h  mass 

27 
4 . 8 6 9 ~ 1 0  g (a) 

12 228 2 14 km (deVaucouleurs,  r e f .  20) 
1 2  310 km (Smith,  r e f .  21) (a) 

12 114  5 110 km ( r e f .  22) 

None de  t e e  t e d  

About 5 g/cm3 ( a )  



" in t h e  v i c i n i t y  of the  c loud t o p s , "  "w i t h i n  the  c loud l a y e r , "  o r  
"deep i n  the  atmosphere." A s  a r e s u l t ,  no c o n c l u s i v e  temperature  
p r o f i l e s  can  be produced. 

The temperature  p r o f i l e s  g iven  f o r  the  v a r i o u s  model atmos - 
pheres  t h a t  have been pub l i shed  a r e  d e r i v e d  by assuming v a r i o u s  
l a p s e  r a t e s  f o r  t h e  temperature  g r a d i e n t  between the  c loud tops  
and the  s u r f a c e  (whose temperature  is  d e r i v e d  from microwave ra-  
d i o m e t r i c  measurements, s e e  below).  This g i v e s  the  c loud top 
h e i g h t  above the  s u r f a c e .  Severa l  of t h e  model atmosphere tem- 
p e r s t u r e  p r o f i l e s  a r e  shown i n  f i g u r e  2 .  Note the  i s o t h e r m a l  
c loud l a y e r  p o s t u l a t e d  by Jones ( r e f .  23) t o  e x p l a i n  the  Mariner 
I1 d a t a .  

Surface  t empera tu res .  - The s u r f a c e  temperatures  have been 
i n f e r r e d  from the  microwave r a d i o m e t r i c  b r i g h t n e s s  temperature  
of Venus ( see  f i g .  3 )  by assuming t h a t  a l l  of the emiss ion a r i s e s  
from a h o t  s u r f a c e  mainta ined by a greenhouse e f f e c t .  
7 )  has  reviewed the  d a t a  and g i v e s  the  s u r f a c e  temperatures  i n  
f i g u r e  4 ( a ) .  This r a i s e s  the  q u e s t i o n  a s  t o  what causes  the  t r e -  
mendous a tmospher ic  o p a c i t y  r e q u i r e d  t o  ma in ta in  such s u r f a c e  tem- 
p e r a t u r e s .  Severa l  sources  (e .g . , p r e s s u r e  -broadened C 0 2 ,  60, and 
H,O, the c louds )  have been sugges ted ,  b u t  none seem t o  be com- 
p l e  t e l y  adequa te .  

Sagan ( r e f .  

Recen t ly ,  a number of workers ,  n o t a b l y  Plummer and Strong 
r e f s .  24 t h r u  2 6 ) ,  have a s c r i b e d  p a r t  of  the  observed microwave 
emiss ion as be ing  caused by nonthermal sources  i n  the  lower a t -  
mosphere o r  c l o u d s .  The s u r f a c e  temperatures  t h a t  r e s u l t  by a s -  
suming t h a t  30% of the  emiss ion  i s  caused by nonthermal sources  
(of an u n s p e c i f i e d  n a t u r e )  a r e  shown i n  f i g u r e  4 ( b ) .  Note t h a t  
t h i s  model g i v e s  temperatures  below f r e e z i n g  (-13OC) a t  the  p o l e s ;  
t h e r e f o r e ,  temperate zones where l i f e  might e x i s t  should be found. 

A t  p r e s e n t ,  n e i t h e r  of the  two extreme models can be r u l e d  
o u t .  
t h a t  the  r a d i o  d iameter  of Venus i s  f a i r l y  compact and i s  about 
100 t o  120 km s m a l l e r  than the  v i s i b l e  d iamete r ,  and the  Mariner 
I1 o b s e r v a t i o n s  of limb darkening d e f i n i t e l y  r u l e  o u t  a "hot"  
ionosphere  as being the  source  of h igh  microwave emiss ion ,  b u t  
do n o t ,  a s  has  been proposed r e c e n t l y ,  r u l e  o u t  the lower atmos- 
phere o r  c louds  as a source  of nonthermal emiss ion .  

The o b s e r v a t i o n s  of C l a r k  and Kuz'rnin ( r e f .  22) , which show 
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T e m p e r a t u r e ,  O K  

(a )  NASA SP-3016 Data 

T e m p e r a t u r e ,  "K 

(b) Kaplan and J o n e s  Data  

F i g u r e  2 .  - Venus T e m p e r a t u r e  P r o f i l e s  
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Figure 3. - Microwave Observations of Venus 
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Figure 4 .  - Surface Temperatures 
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Atmospheric p r e s s u r e .  - Since  the  temperature  l a p s e  ra te  be-  
tween t h e  c loud  tops  and t h e  s u r f a c e  i s ,  a t  most, a d i a b a t i c ,  t h e  
h igh  thermal g r a d i e n t  (-450°K) i m p l i e s  a v e r y  t h i c k  atmosphere 
and a h i g h  s u r f a c e  p r e s s u r e  rang ing  from abou t  5 t o  as much as 
100 E a r t h  atmospheres depending on the  c loud  top  p r e s s u r e .  This 
i s  g e n e r a l l y  s u b s t a n t i a t e d  by the  7820h: CO, band p r e s s u r e s  , which 
range from 1 a t m  a t  300°K t o  5.6 a t m  a t  700°K ( r e f s .  27 and 2 8 ) .  

Sagan ( r e f .  29) g i v e s  t h e  c loud top  p r e s s u r e s  as 90 mb on t h e  
da rk  s i d e  and 0 .6  a t m  on the  l i g h t  s i d e ;  the  s u r f a c e  p r e s s u r e  i s  
g r e a t e r  than  30 a t m  and p o s s i b l y  as h i g h  a s  200 a t m .  

The o c c u l t a t i o n  o f  Regulus by Venus i n  1959 gave d a t a  on the  
s c a l e  h e i g h t  

l a y e r  from which a p r e s s u r e  ( a t  60 km above c l o u d s )  of 2 .6  x 10  
mb was i n f e r r e d  ( r e f .  3 0 ) .  However, t h e s e  d a t a  are n o t  of much 
use  f o r  t h e  lower atmosphere.  

(H = 6.8 km) a t  about  60 km above the  v i s i b l e  c loud 
-3 

P r e s s u r e  p r o f i l e s  f o r  the  NASA SP-3016 model atmospheres a r e  
shown i n  f i g u r e  5(a). The d i s p a r i t y  of the  v a r i o u s  e s t i m a t e s  f o r  
the s u r f a c e  p r e s s u r e  i s  shown i n  f i g u r e  5 ( b ) .  

Atmospheric d e n s i t y .  - The d e n s i t y  i s  c a l c u l a t e d  from t h e  
e q u a t i o n  of s t a t e  f o r  the  v a r i o u s  model atmospheres.  There a r e  
no d i r e c t  o b s e r v a t i o n s  of the  d e n s i t y .  F igure  6 shows the  NASA 
SP-3016 model atmosphere d e n s i t y  p r o f i l e s .  

Atmospheric compos i t ion .  - U n t i l  r e c e n t l y ,  CO, was the  only  
gas i d e n t i f i e d  c o n c l u s i v e l y  as a c o n s t i t u e n t  of the  Venus atmos- 
p h e r e .  The p resence  of H,O has  been confirmed by Bel ton and 
Hunten ( r e f .  31) and o t h e r  i n v e s t i g a t o r s  ( r e f s .  32 and 33) and 
t r a c e  amounts of HCR and HF have been observed ( r e f .  34) i n  t h e  
i n t e r f e r o m e t r i c  s p e c t r a  of Venus. The es t ima ted  amount of  CO, 
p r e s e n t  i s  between 5 and 20%. The amount of H,O p r e s e n t  i s  n o t  
known, bu t  i s  a v e r y  minor c o n s t i t u e n t  above t h e  c louds .  The 

es t ima ted  p a r t i a l  p r e s s u r e s  of HCR and HF a r e  10 and t o r r  
near  t h e  c loud t o p s .  

-4 

4 T e n t a t i v e  i d e n t i f i c a t i o n s  have been made of  CO,  N,, 0, bu t  
a t t e m p t s  t o  confirm t h e s e  i d e n t i f i c a t i o n s  have been u n s u c c e s s f u l .  
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Log density, g/cm3 

F i g u r e  6 .  - Venus Dens i ty  P r o f i l e s ,  NASA SP-3016 Data 

Nothing i s  known of t h e  composit ion below the  c louds ,  a l though  
i t  i s  c l e a r  t h a t  CO, i s  a c o n s t i t u e n t .  Ni t rogen i s  g e n e r a l l y  a c -  
cep ted  as t h e  major c o n s t i t u e n t  w i t h  trace amounts of argon p r e s -  
e n t  by analogy w i t h  E a r t h .  However, Suess ( r e f .  35) s u g g e s t s  t h a t  
Venus has  r e t a i n e d  a much l a r g e r  f r a c t i o n  of the  s o l a r  nebula  than  
the  E a r t h  and t h a t  i t  appears  q u i t e  probable  t h a t  t h e  atmosphere 
of  Venus c o n t a i n s  more than  50% and p o s s i b l y  as much as 85% neon.  

It may a l s o  be argued t h a t  because of t h e  c o n s i d e r a b l e  amounts 
of GO, p r e s e n t ,  the  exospher ic  temperature  of Venus may be r e -  
duced by r a d i a t i v e  c o o l i n g  of CO, i n  the  upper atmosphere.  The 
low exospher ic  temperatures  would reduce the  ra te  a t  which g r a v i -  
t a t i o n a l  escape of l i g h t  gases  t akes  p l a c e ,  p e r m i t t i n g  Venus t o  
r e t a i n  i t s  helium c o n t e n t .  Thus, he l ium,  r a t h e r  than neon o r  
n i t r o g e n ,  may be the  predominant a tmospher ic  g a s .  

Winds. - Very l i t t l e  i s  known abou t  the  winds and a tmospher ic  
c i r c u l a t i o n  on Venus. There are  on ly  two o b s e r v a t i o n s  t h a t  may 
be r e l a t e d  t o  t h e  c i r c u l a t i o n .  The f i r s t  i s  the  t i m e- v a r i a b l e  
c h a r a c t e r  of  the 7820w GO, bands,  which has been i n t e r p r e t e d  as 
an i n d i c a t i o n  t h a t  the  c loud tops  a r e  i n  a s t a t e  of tu rbu lence .  

14 



The o t h e r  i s  the  o b s e r v a t i o n  of da rk  pa tches  o r  bands t h a t  have 
been i n t e r p r e t e d  as c i r c u l a t i o n  p a t t e r n s .  D o l l f u s  ( r e f .  3 6 )  r e -  
p o r t s  a v i s i b l e  r a d i a l  p a t t e r n  c e n t e r e d  on the  s u b s o l a r  p o i n t  
whereas Ross r e p o r t s  s t r a i g h t ,  p a r a l l e l  bands i n  t h e  u l t r a v i o l e t .  
The d i f f e r e n c e  i n  appearance  may r e s u l t  from t h e  f a c t  t h a t  d i f -  
f e r e n t  l e v e l s  a r e  being obse rved .  However, t h e s e  i n t e r p r e t a t i o n s  
a r e  s u b j e c t  t o  deba te  and the  n a t u r e  of the  c i r c u l a t i o n  on Venus 
remains u n c e r t a i n  . 

GCA, Inc, w a s  r e q u e s t e d  t o  review t h e  p r e s e n t  t h e o r i e s  of 
c i r c u l a t i o n  on Venus and t o  compute wind v e l o c i t i e s  and d i r e c -  
t i o n s  l i k e l y  t o  be encountered  by t h e  buoyant  s t a t i o n .  Appendix 
C i s  t h e  r e s u l t  of t h e i r  review.  It should  be s t r e s s e d  t h a t  the  
conc lus ions  reached a r e  based on t h e o r e t i c a l  models and are sup-  
p o r t e d  by v e r y  meager (and even q u e s t i o n a b l e )  o b s e r v a t i o n a l  d a t a .  

P a r t i c l e s  and haze above main c l o u d .  - The e x t e n s i o n  o f  the  
cusps  when Venus i s  nea r  i n f e r i o r  c o n j u n c t i o n  i n d i c a t e s  the  ex-  
i s t e n c e  of h i g h  c loud  o r  haze l a y e r s  above t h e  opaque c loud .  A 
r e l a t i v e l y  b r i g h t  haze l a y e r  ex tends  s e v e r a l  k i l o m e t e r s  above t h e  
c loud  t o p s ;  a weaker l a y e r  ex tends  approximate ly  10 km and t h e r e  
is some i n d i c a t i o n  of a v e r y  weak s c a t t e r i n g  l a y e r  a t  h e i g h t s  as 
g r e a t  a s  30 km above the  opaque c l o u d .  Most of the  a e r o s o l  seems 
t o  be conf ined  t o  a l a y e r  abou t  5 km t h i c k .  

Clouds.  - From E a r t h ,  Venus appears  t o  be complete ly  c loud  
covered.  The i n f r a r e d  b r i g h t n e s s  temperature  maps ( s e e  f i g .  7 )  
o b t a i n e d  by Murray ( r e f .  3 7 )  show a v e r y  uniform temperature  
d i s t r i b u t i o n  over bo th  l i g h t  and d a r k  hemispheres w i t h  a s l i g h t -  
l y  g r e a t e r  limb darkening a t  t h e  p o l e s .  The h o t  s p o t  n e a r  the  
s o u t h  po le  i s  presumably a s torm.  Both of  t h e s e  o b s e r v a t i o n s ,  
t h a t  the  p l a n e t  i s  a p p a r e n t l y  complete ly  c loud  covered and the  
temperature  (at  c loud t o p s )  i s  the  same i n  b o t h  hemispheres ,  a r e  
r a t h e r  p u z z l i n g .  The a p p a r e n t l y  complete c loud  cover  may be 
caused by t h e  low r e s o l u t i o n  of Ear th- based t e l e s c o p e s ,  and c l e a r  
s p o t s  may e x i s t  below the  r e s o l u t i o n  l i m i t .  For example, t h e  
Lunar O r b i t e r  p i c t u r e s  show E a r t h  a s  a lmos t  complete ly  c loud  
covered.  

The e x i s t e n c e  of wa te r  vapor  and ice c louds  ( r e f s .  3 1 ,  3 2 ,  
and 3 8 )  o f f e r  an e x p l a n a t i o n  f o r  the  c o n s t a n t  temperature  of the  
c louds  i n  b o t h  hemispheres ( r e f .  3 8 ,  pp. 1 4 7- 1 4 8 ) .  The f a i l u r e  
of  t h e  d a r k  hemisphere t o  coo l  i s  due t o  the  r e l e a s e  of  l a t e n t  
h e a t  of  H,O 
Th i s  i s  i n  agreement w i t h  t h e  observed temperature  (234OK) below 
which s a t u r a t e d  wa te r  vapor  cannot  be coo led  w i t h o u t  spontaneous 
c r y s t a l l i z a t i o n .  This temperature  i s  observed i n  many h i g h - a l -  
t i t u d e  cumulus c louds  on E a r t h .  

vapor ,  (about 620 c a l / g )  as the  vapor  condenses.  
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That t h e  c louds ,  o r  a t  l e a s t  the  upper l a y e r s ,  a r e  composed 
of  i c e  c r y s t a l s  i s  s u b s t a n t i a t e d  by bo th  o b s e r v a t i o n  and theory .  
The observed r e f l e c t i o n  spectrum of  the  Venus c loud  l a y e r  i s  i n  
e x c e l l e n t  agreement w i t h  t h e  r e f l e c t i o n  spectrum of a l a b o r a t o r y  
i c e  c loud  a t  234°K ( r e f .  38, pp .  147-148).  Sagan ( r e f .  38) has  
confirmed,  on a t h e o r e t i c a l  b a s i s ,  S t r o n g ' s  i d e n t i f i c a t i o n  of ice 
as  t h e  c o n s t i t u e n t  of t h e  c louds  and e s t i m a t e s  t h e  mean r a d i u s  of  
the  c loud p a r t i c l e s  t o  be between 7 .5  and 10 p. 

The n a t u r e  o f  the  c louds  below the  opaque upper l a y e r s  i s  un-  
known. Jones ( r e f .  23) has  p o s t u l a t e d  the presence  of an i s o t h e r -  
m a l  c loud  l a y e r  a t  350°K ( see  f i g .  3 )  t o  e x p l a i n  the Mariner I1 
microwave radiometer  d a t a .  

Es t ima tes  of t h e  c loud  top h e i g h t s  vary  from 35 km t o  g r e a t e r  
than 100 km above the  s u r f a c e .  Radio i n t e r f e r e m e t r y  ( r e f .  22) 
i n d i c a t e s  t h a t  the r a d i o  d iameter  of Venus i s  about  100 t o  120 km 
s m a l l e r  than the  v i s i b l e  d i a m e t e r .  
between 50 and 60 km. 

This  g ives  c loud top h e i g h t s  

F igure  8 shows the phase diagram f o r  H,O and the  range of  
p r e s s u r e s  and temperatures  f o r  the  NASA SP-3016 model atmospheres.  
A s  can be s e e n ,  ice c louds  o r  water  c louds  a r e  p o s s i b l e  i n  c e r t a i n  
r e g i o n s  of t h e  atmosphere whi le  only water  vapor can e x i s t  near  
t h e  s u r f a c e .  T h u s  t h e  atmosphere near  t h e  s u r f a c e  may be c l e a r  
--  i f  water  i s  t h e  only c loud forming substance  on Ventls. How- 
ever  because of t h e  extremely h igh  p r e s s u r e s  and t empera tu res  
p o s t u l a t e d ,  o t h e r  types  of c louds  may ferrn. 

Sur face  c h a r a c t e r i s t i c s .  - The s u r f a c e  of Venus a p p e a r s  t o  be 
g e n e r a l l y  smoother than  the  moon's a t  r a d a r  wavelengths .  
f i v e  l o c a l i z e d  a r e a s  appear  rougher than the  surrounding t e r r a i n  
a t  r a d a r  wavelengths.  Two of t h e  most prominent of these  a r e a s  
( r e f .  38 ,  pp .  164-171) are shown i n  f i g u r e  9 .  These a r e a s  have 
been d e s c r i b e d  as e i t h e r  mountain ranges  o r  bou lde r  s t r ewn  f i e l d s .  
However, t h e i r  e x a c t  n a t u r e  i s  n o t  known. 

However, 

Elec t romagnet ic  f i e l d s .  - No f i e l d s  a t t r i b u t a b l e  t o  Venus were 
observed dur ing  the  Mariner I1 f l y b y .  
of  Venus, i f  i t  e x i s t s ,  must be l e s s  than 1/10 t o  1/20 t h a t  of 
Ear th  ( see  s e c t i o n  on Mariner 11). 

The magnetic d i p o l e  moment 
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R a d i a t i o n .  - The experiments 
on Mariner I1 d i d  n o t  d e t e c t  the  
presence  of t rapped r a d i a t i o n  
b e l t s  about  Venus. Due t o  the  
low magnetic f i e l d  of Venus, r a -  
d i a t i o n  b e l t s ,  i f  they e x i s t ,  
w i l l  be found c l o s e  t o  t h e  p l a n-  
e t  and should  be d e t e c t e d  by 
Mariner -Venus 67 (See s e c t i o n  
on Mariner -Venus 67) . 

Table 2 summarizes p r e s e n t  
knowledge of Venus. 

n 

Figure  9.  - Radar S u r f a c e  f e a t u r e s  
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TABLE 2. - SUMMARY OF PRESEWI KNOWLEDGE OF VENUS 

Parameter 

Surfsce temperature 

Atmospheric 
temperature 

Atmospheric 
pressure 

Atmospheric 
dens i ty  

Atmospheric 
composition 

Winds 

P a r t i c l e s ,  haze 
above main cloud 

Electromagnetic 
f i e l d s  

Radiation 

Radiation from 
surface  

Surface c h a r a c t e r -  
i s t i c s  

Cloud top heights  

Cloud p a r t i c l e s  

Relevant observationslcechniques 

Microwave radiometry from Earth and 
Mariner I1 at  wavelengths bemeen 
3 om and 70 cm d e t e c t s  h igh- intens i ty  
r a d i a t i o n  from Venus. Phase e f f e c t  
observed ( r e f s .  39 thru  43) 

Dis t r ibut ion  of p o l a r i z a t i o n  of 
emitted r a d i a t i o n  measured by i n t e r -  
ferometry near  X = 10 cm ( r e f s .  22, 
39, and 44) 

I n f r a r e d  radiometry and thermal 
mapping of Venus from Earth i n  8- 
t o  14-p wavelength i n t e r v a l  and 
from Mariner I1 a t  8 .4-  and 10.4 il 

Radiometry in 17.5- t o  25-p i n t e r -  
v a l  

Spectroscopy of r o t s t i o n a l  f i n e  
s t r u c t u r e  in CO, bands 

Pressure  broadened s p e c t r a l  line pro. 
f i l e  measurements in CO, bands ( r e f s .  
27 and 28) 

Occultation of Regulus ( r e f .  30) 

Polar i m e  t r y  

No d i r e c t  observations 

Observations of absorpt ion  and 
emission s p e c t r a  of atmosphere above 
clouds 

NO observations except poss ib ly  
wheel-spoke markings emanating 
from subsolar point  

Visual and photographic observations 
of  cusps and p o l a r i z a t i o n  ( r e f s .  2, 
20, and 21). 

Mariner I1 measurement of magnetic 
f i e l d s  a8 c l o s e  as 35 000 km t o  
Venus 

Photometric and v i s u a l  observations 

See above f o r  measurements in var iow 
s p e c t r a l  regions. 

Mariner I1 measurements of charged 
p a r t i c l e s  and ioniz ing r a d i a t i o n  neai 
Venus ( r e f .  56) 

Microwave radiometry from Earth and 
Mariner I1 

Radar from Ear th ,  analys is  of pulse 
de lay  time, pulse  length ,  frequency 
s h i f t  and spread, i n t e n s i t y  ( r e f s .  
39, 59) 

Radio interferometry a t  10 cm ( r e f .  
22, 39) 

Spectroscopy and polarimetry from 
Ear th .  

Major r e s u l t s  and i n t e r p r e t a t i o n s  

See f i g .  3 f o r  infer red  br ightness  temperatures and next  s e c t i o n  f o r  Mariner I1 d a t a .  Two 
extremes ( f i g .  4) a re  given by: 
1) 

2) Sagan ( r e f .  7): A l l  emission is thermal arising from surface  insula ted  by greenhouse 
Phase e f f e c t  g ives  -. 70°K di f ference  between l i g h t  

Plummer & Strong ( r e f s .  24, 25, and 39): 
deep clouds, 70% thermal from surface;  implies cold  areas may e x i s t .  

e f f e c t ;  implies very hot  surface .  
and dark s i d e .  

Polar iza t ion  d i s t r i b u t i o n  c o n s i s t e n t  with thermal r a d i a t i o n  from a s o l i d  d i e l e c t r i c  sphere 
(E = 2.5) wi th  the  poles about 25% cooler than the  equator .  
Strong ( r e f .  24) i n t e r p r e t  as in f r g .  3 .  

30% of emission i s  nonthermal a r i s i n g  from 

Sagen ( re f .  7) and Plummer and 

General limb darkening (-. 30’K) and i s o l a t e d  cool spots  observed. 
thermal map. 
arises from v i c i n i t y  of cloud tops. Temporary v a r i a t i o n s  a t t r i b u t e d  t o  breaks in cloud 
layer  Figs 4 and 5 show severa l  model temperature p r o f i l e s .  ( r e f s .  37 and 45 t h r u  48). 
See next s e c t i o n  f o r  Mariner I1 d a t a .  

Infer red  temperatures of 248 +- 10’K a t  20 v - probably from l e v e l s  wi th in  clouds (ref. 49). 

Band a t  7820 ,! shows v a r i a b l e  temperatures and pressures; pressures and temperatures a t  
e f f e c t i v e  s c a t t e r i n g  l e v e l s  range from 1 atm 300’K t o  5.6 atm, 700’K. Implies high t e m-  
pera ture  and pressures a t  surface .  
thru  52). 

Pressures computed from l i n e  width and e f f e c t i v e  r o t a t i o n a l  temperatures of CO, b a d e  
range from 1 atm a t  3W*K near cloud tops to 5 atm a t  700‘K deep wi th in  atmosphere. 
L a t t e r  probably seen through breaks i n  cloud l a y e r .  

Pressure s c a l e  he ight ,  H = 6.8 km a t  60 km above v i s i b l e  cloud layer  and dH/dz = lO-’H; 

estimated pressure  a t  occul t ing  l e v e l ,  P = 2.6  x l o J  mb. 

Cloud top pressure on s u n l i t  s i d e  .l to 1 atm. Estimates of surface  pressure range 
from 5 atm t o  grea ter  than 200 atm. See f i g .  5 f o r  some model atmosphere pressure pro- 
f i l e s .  

See f i g .  7 f o r  typica l  
Infer red  temperatures of . 234°K in bath l i g h t  and dark hemispheres - emissioi 

Bands at’8600 8. indica te  285’K (refs. 27, 28, and 50 

Calculated from equation of s t a t e  f o r  various model atmospheres. See f i g .  6 f a r  models. 

CO d e f i n i t e l y  present in  s i g n i f z c a n t  q u a n t i t i e s  (-- 10 t o  20%) ( r e f .  53). Detection of 
H$ recent ly  v e r i f i e d  ( refs .  26 and 31 thru  33); present  i n  small b u t  uncer ta in  a m u n t s .  
H C I  and HF l i n e s  de tec ted  by Fourier spectroscopy ( r e f .  34) .  Disputed i d e n t i f i c a t i o n  
of  CO, @, 0,, N204. 
composition below clouds o ther  than CO, must be major c o n s t i t u e n t .  Argon and N, p re-  
sumably present  by analogy t o  Earth ( r e f s .  54 and 55). 

Markings may be due t o  high a l t i t u d e  wind streams. 
temperatures seem t o  Lodicate t h a t  cloud tops are turbulent .  

Unsuccessful searches  f o r  N20, CH4, C&, w. Nothing known of  

Observations of  var iable  7820 d; 

Thin layers  of  small p a r t i c l e s  a t  higher a l t i t u d e s  wi th  most of aerosol  confined t o  layer  
5- t o  30-km t h i c k  above top of opaque cloud layer .  

No f i e l d s  a t t r i b u t a b l e  t o  Venus were detec ted .  Implies magnetic d ipole  moment less than 
1/10 t o  1/20 of Ear th’s .  

Albedos: W,  .5; v i s u a l ,  .a; in tegra ted  bolometric,  .75. See r e f s .  20, 57, and 58 f o r  
d e t a i l s  and f i g .  10. 

No phenomena a t t r i b u t s b l e  t o  Venus. 

See surface  temperature above and f i g .  3 .  

R e f l e c t i v i t y  from 12.5 t o  68 cm wavelength = 0.1; d i e l e c t r i c  cons tant  = 4.  R e f l e c t i v i t y  
drops t o  .01 a t  3.6 cm, rises t o  1 .5  of t h a t  expected from smooth conducting sphere a t  
6-7 meters.  Surface genera l ly  smoother than moon‘s. some areas r e f l e c t  more e f f e c t i v e l y  
indica t ing  rough or  mountainous areas. A t  l e a s t  5 rough regions located  (see f i g .  9 ) .  

Radio diameter of Venus about 60 km smaller than diameter of v i s i b l e  cloud surface .  
Other va lues  given are e8timated from model atmospheres and ‘keasonable’’ assumptions, 
range from 3 5  t o  100 km above surface .  

Appear t o  be ice c r y s t a l s  about 10 v, ( r e f s .  24 thru  26, 32, and 38) although the  
i d e n t i f i c a t i o n  is disputed. Other proposals include quar tz  dus t ,  formaldehyde, carbon 
suboxide polymers. 
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Mariner  I1 R e s u l t s  and I n t e r p r e t a t i o n s  

On August 27,  1962, t h e  Mariner I1 s p a c e c r a f t  was launched 
from Cape Kennedy and i n j e c t e d  i n t o  a t r a j e c t o r y  t h a t  c a r r i e d 5 . t  
p a s t  Venus on December 14, 1962.  It c a r r i e d  s i x  s c i e n t i f i c  i n -  
s t r u m e n t s ,  o f  which t h r e e  were d i r e c t l y  concerned w i t h  measuring 
p r o p e r t i e s  of Venus, Tab le  3 l i s t s  t h e  i n s t r u m e n t s  and observa-  
t i o n s  ( r e f s .  60 t h r u  65) .  

Both r a d i o m e t e r s  scanned t h e  
p l a n e t a r y  d i s k  a s  shown i n  f i g u r e  
10 t o  g i v e  18 measurements o f  t h e  
e m i t t e d  r a d i a t i o n  a t  each  of t h e  
f o u r  wavelengths  (A = 8 . 4 p ,  
10.4p,  1.35 cm, and 1 .9  cm). The 
microwave rad iomete r  confirmed t h e  
h igh  i n t e n s i t y  o f  r a d i a t i o n  seen 
from E a r t h .  The l imb darkening 
seen i n  t h e  1.9-cm channel  d i s -  
counted the  t h e o r y  t h a t  t h e  h igh  
microwave b r i g h t n e s s  was caused 
by a h o t  ionosphere .  Limb dark-  
en ing  was a l s o  observed w i t h  t h e  

Radiometer Scans of t h e  r a d i a t i o n  t empera tu res  a t  

To sun- 

F i g u r e  10. - Mariner  11 (1962) IR rad iomete r ,  b u t  t h e  e q u a l i t y  

bo th  wavelengths  i n d i c a t e s  t h a t  
t h e  limb darken ing  comes from a 
c loud s t r u c t u r e  r a t h e r  t h a n  t h e  
a tmosphere ,  The anomaly d e t e c t e d  

by b o t h  r a d i o m e t e r s  near  t h e  end of t h e  second scan was a l s o  ob- 
served from E a r t h  a t  8 t o  14p ( s e e  f i g .  7 )  and was v a r i o u s l y  i n t e r -  
p r e t e d  t o  be caused by a marked i n c r e a s e  i n  c loud o p a c i t y ,  a t r u e  
cloud t empera tu re  v a r i a t i o n ,  o r  a h idden s u r f a c e  f e a t u r e .  The 
magnetometer d i d  not  d e t e c t  any f i e l d s  a t t r i b u t a b l e  t o  Venus, nor 
d i d  t h e  t r apped  r a d i a t i o n  and s o l a r  plasma i n s t r u m e n t s  d e t e c t  any 
changes w h i l e  nea r  Venus. The d e t a i l s  and a n a l y s e s  o f  t h e  r e s u l t s  
of  t h e  exper iments  can be found i n  t h e  r e f e r e n c e s  c i t e d  i n  Table  3 .  

Mariner-Venus 1967 Flyby 

The Mariner-Venus 1967 Flyby s p a c e c r a f t  w i l l  be a conver ted  
Mariner-Mars 1964 s p a r e  s p a c e c r a f t .  It i s  scheduled f o r  launch 
d u r i n g  a 14-day p e r i o d  s t a r t i n g  June 1 2 ,  1967 ( r e f .  76) .  The 
s p a c e c r a f t  w i l l  be i n j e c t e d  i n t o  a 120-day t r a n s i t  t r a j e c t o r y  and 
w i l l  p a s s  behind Venus about  3000 mi les  above t h e  s u r f a c e  a s  shown 
i n  f i g  11. 
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To s u n  

f 

F i g u r e  11. - Proposed Mariner  67 F lyby  (JPL Drawing, r e f .  76) 

ic 

3 

The miss ion  o b j e c t i v e s  a r e  a s  f o l l o w s :  

1) The pr imary o b j e c t i v e  of t h e  Mariner-Venus 67 P r o j e c t  
i s  t o  conduct a f l y b y  m i s s i o n  t o  Venus i n  1967 t o  ob- 
t a i n  s c i e n t i f i c  i n f o r m a t i o n  t h a t  w i l l  complement and 
extend t h e  r e s u l t s  ob ta ined  by Mariner  I1 r e l e v a n t  t o  
de te rmin ing  t h e  o r i g i n  and n a t u r e  o f  Venus and i t s  
environment;  

Secondary o b j e c t i v e s  a r e  t o  a c q u i r e  e n g i n e e r i n g  ex- 
p e r i e n c e  i n  c o n v e r t i n g  and o p e r a t i n g  a s p a c e c r a f t  de-  
s igned  f o r  f l i g h t  t o  Mars i n t o  one flown t o  Venus, and 
t o  o b t a i n  i n f o r m a t i o n  on t h e  i n t e r p l a n e t a r y  env i ron-  
ment d u r i n g  a pe r iod  of i n c r e a s i n g  s o l a r  a c t i v i t y ,  

2) 

The seven s c i e n t i f i c  exper iments  s e l e c t e d  t o  s a t i s f y  t h e s e  
o b j e c t i v e s  a r e  l i s t e d  i n  Tab le  4 .  Of t h e s e  seven,  two r e q u i r e  no 
i n s t r u m e n t a t i o n  o t h e r  t h a n  t h e  t r a n s m i t t e r ,  f o u r  a r e  t o  be accom- 
p l i s h e d  w i t h  e x i s t i n g  i n s t r u m e n t a t i o n ,  and o n l y  one,  t h e  S tanford  
dua l- f requency  exper iment ,  r e q u i r e s  new s c i e n t i f i c  i n s t r u m e n t a t i o n .  
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TABLE 4 .  - MARINER-VENUS 1967 EXPERIMENTS 

I Experiment 

UV photometers 

Observa t ions  

Measure u l t r a v i o l e t  g a d i a t i o n  from atomic  
hydrogen (A  = 1216 A )  and a tomic  oxygen 
( A  = 1300 A ) .  Determine d i s t r i b u t i o n  and 
and d e n s i t y  of H and 0 and temperature  pro-  
f i l e  i n  upper a tmosphere .  

S-band r a d i o  
o c c u l t a t i o n  

Dual- frequency 
r a d i o  p ropaga t ion  

Helium vapor  
magnetometer 

Observe change i n  f requency,  phase ,  and 
ampl i tude o f  2300 mHz t e l e m e t r y  s i g n a l  as 
s p a c e c r a f t  passes behind Venus. Gives 
r e f r a c t i v i t y  o f  t h e  atmosphere a s  a func-  
t i o n  o f  a l t i t u d e .  Can i n f e r  i o n o s p h e r i c  
e l e c t r o n  d e n s i t y  and a tmospher ic  s c a l e  
h e i g h t ,  d e n s i t y .  

S i m i l a r  t o  above bu t  s p a c e c r a f t  r e c e i v e s  
s i g n a l s  from S tanford  210- f t  an tenna ,  which 
a r e  processed on the  s p a c e c r a f t .  

Measure s t r e n g t h ,  m u l t i p o l a r i t y ,  and d i r e c -  
t i o n  of Venus magnetic f i e l d .  

Trapped r a d i a t i o n  
d e t e c t o r  

So la r  plasma probe 

C e l e s t i a l  
mechanics 

Observe p a r t i c l e s  o f  v a r i o u s  e n e r g i e s  t o  
s e a r c h  f o r  t rapped r a d i a t i o n  b e l t s  nea r  
Venus and e n e r g e t i c  p a r t i c l e  emiss ions  from 
t h e  sun.  

Faraday cup d e t e c t o r  f o r  low-energy p r o t o n s  
measures d e n s i t y ,  v e l o c i t i e s ,  t empera tu re ;  
and d i r e c t i o n  i n  s o l a r  wind. 

S p a c e c r a f t  t r a c k i n g  by DSIF t o  r e f i n e  t h e  
as t ronomica l  u n i t ,  t h e  masses of Venus and 

~ t h e  moon, and t h e  ephemerides o f  E a r t h  and 

1 Venus, 

The r a d i o  o c c u l t a t i o n  exper iments  a r e  expected t o  prov ide  i n -  

I f  t h e  d e n s i t y  i s  h igh  enough, 
fo rmat ion  on t h e  lower atmosphere and s u r f a c e  --  i f  t h e  atmos- 
p h e r i c  d e n s i t y  i s  not  too  g r e a t .  
t h e  r a d i o  beams may e i t h e r  be "captured" by r e f r a c t i o n ,  o r  be 
o c c u l t e d  b e f o r e  r e a c h i n g  t h e  s u r f a c e .  
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I n  a n y  e v e n t ,  t h e  r e f r a c t i v e  index  of t h e  atmosphere a s  a 
f u n c t i o n  o f  a l t i t u d e  above some o c c u l t i n g  l e v e l  w i l l  be determined 
from t h e  change i n  f requency,  phase ,  and ampl i tude o f  t h e  s i g n a l s  
p a s s i n g  through t h e  atmosphere ( r e f .  77 and 7 8 ) .  From t h i s ,  t h e  
l o c a l  s c a l e  h e i g h t ,  t h e  e l e c t r o n  d e n s i t y  o f  t h e  ionosphere ,  and 
the  number d e n s i t y  of t h e  n e u t r a l  atmosphere can  be  o b t a i n e d .  I f  
t h e  t e m p e r a t u r e  p r o f i l e  i s  known, t h e  l o c a l  s c a l e  h e i g h t  y i e l d s  
t h e  mean molecular  we igh t ,  t h u s  a l l o w i n g  t h e  c a l c u l a t i o n  o f  p r e s-  
su re  and mass d e n s i t y ,  

The u l t r a v i o l e t  photometers w i l l  measure t h e  i n t e n s i t y  of t h e  
resonance r e r a d i a t i o n  from atomic  hydrogen (1216 A) and a tomic  
oxygen (1302,  1304, and 1306 A) i n  t h e  upper atmosphere.  

While t h e s e  expected measurements w i l l  s i g n i f i c a n t l y  i n c r e a s e  
our  knowledge of Venus, t h e y  w i l l  not  be s u f f i c i e n t  t o  d e f i n e  t h e  
atmosphere of Venus. Unambiguous in fo rmat ion  on t h e  atmosphere 
and s u r f a c e  can o n l y  be ob ta ined  from a v e h i c l e  t h a t  e n t e r s  t h e  
atmosphere and makes d i r e c t  measurements. 

SCIENTIFIC OBJECTIVES FOR A BUOYANT VENUS STATION 

A s  can be seen from t h e  preceding s e c t i o n s ,  t h e r e  i s  a t  b e s t  
a l a r g e  u n c e r t a i n t y  i n  t h e  knowledge o f  some paramete r s  and no 
knowledge o t h e r  than  t h e o r e t i c a l  e s t i m a t e s  f o r  o t h e r s ;  f o r  s t i l l  
o t h e r s ,  t h e r e  i s  merely  s p e c u l a t i o n .  T h i s  p a u c i t y  of d e f i n i t i v e  
d a t a  on t h e  Cytherean environment below t h e  c l o u d s  a l lows  t h e  d a t a  
t o  be  i n t e r p r e t e d  nonuniquely.  I n  f a c t ,  a lmost  any t h e o r y  o r  
model atmosphere c a n  c l a i m  t h e  suppor t  of  t h e  o b s e r v a t i o n a l  d a t a  
i f  one o r  two p i e c e s  o f  d a t a  can be j u d i c i o u s l y  ignored .  While 
t h e  d i f f e r e n t  models may no t  be a b l e  t o  e x p l a i n  a l l  o f  the  obse r-  
v a t i o n s  and a r e  somewhat e x c l u s i v e  o f  one a n o t h e r ,  t h e y  s e r v e  t h e  
v e r y  u s e f u l  purpose of a l l o w i n g  exper iments  t o  be p o s t u l a t e d  t o  
t e s t  t h e i r  p r e d i c t i o n s  and v a l i d i t y .  Thus, one of t h e  o b j e c t i v e s  
of  t h e  BVS should  be t o  make measurements c r i t i c a l  t o  the  v a l i d i t y  
of t h e  v a r i o u s  models.  

However, s c i e n t i f i c  i n t e r e s t  i s  f a r  from be ing  l i m i t e d  t o  t h a t  
o f  t e s t i n g  t h e  v a r i o u s  model a tmospheres .  I n  June and J u l y  o f  
1965, t h e  Space Science Board of t h e  N a t i o n a l  Academy of  Sciences  
convened t o  "develop a program o f  p l a n e t a r y  e x p l o r a t i o n  and t o  
recommend p r i o r i t y  w i t h i n  i t"  ( r e f .  1) .  They recommended t h a t  
I 1  . . , t h e  prime g o a l s  o f  the  n a t i o n ' s  space program should be 
the  e l u c i d a t i o n  o f  t h e  . . . t h r e e  c e n t r a l  s c i e n t i f i c  problems of 
our  t i m e  : 
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1) The o r i g i n  and e v o l u t i o n  o f  l i f e ;  

2) The o r i g i n  and e v o l u t i o n  o f  the E a r t h ,  Sun, and P l a n e t s ;  

3 )  The dynamic p r o c e s s e s  t h a t  shape man's t e r r e s t r i a l  
environment. ' '  

T h e i r  remarks on Venus are  a l s o  o f  i n t e r e s t  h e r e :  "Venus, i n  
s p i t e  of  a n  a l l e g e d l y  h i g h  s u r f a c e  t empera tu re ,  n e v e r t h e l e s s  re-  
t a i n s  some l i m i t e d  b i o l o g i c a l  i n t e r e s t ,  f o r  t h e  fo l lowing  r e a s o n s :  
t h e  l a c k  of complete c e r t a i n t y  r e g a r d i n g  t h e  i n t e r p r e t a t i o n  of t h e  
r a d i o  emiss ion  as thermal  r a d i a t i o n  from t h e  s u r f a c e ,  t h e  p o s s i -  
b i l i t y  of e l e v a t e d  topography a t  lower t empera tu re ,  and t h e  pos- 
s i b i l i t y  o f  development o f  l i f e - f o r m s  suspended i n  t h e  a tmosphere .  
Fur thermore ,  a s  a s is ter  p l a n e t  t o  t h e  E a r t h ,  w i t h  a dense  atmos- 
phere  o f  c o n s i d e r a b l e  m e t e o r o l o g i c a l  i n t e r e s t ,  Venus ranks  h igh  
i n  i t s  r e l e v a n c e  t o  t e r r e s t r i a l  problems. F i n a l l y ,  t h e  i n t e r i o r  
o f  Venus and i t s  r o t a t i o n a l  and dynamical c h a r a c t e r i s t i c s  a re  of 
g r e a t  i n t e r e s t  i n  connec t ion  w i t h  t h e  e v o l u t i o n  of t h e  s o l a r  sys-  
tem." 

While t h e  s e a r c h  f o r  l i f e  should  be accorded t h e  h i g h e s t  p r i -  
o r i t y  i n  t h e  o v e r a l l  e x p l o r a t i o n  of t h e  p l a n e t s ,  i t  cannot  be 
conducted i n t e l l i g e n t l y  on Venus u n t i l  more i s  known o f  t h e  en- 
v i ronmenta l  c o n d i t i o n s  e x i s t i n g  below t h e  c l o u d s .  A s imi lar  s ta te-  
ment can be made concerning g e o l o g i c a l  i n v e s t i g a t i o n s ,  There fore ,  
f o r  t h e  purposes  of t h i s  s t u d y ,  t h e  i n v e s t i g a t i o n  o f  t h e  Cytherean 
a tmosphere ,  i t s  composi t ion,  s t r u c t u r e ,  and p h y s i c a l  and chemical  
dynamics w i l l  be t h e  pr imary o b j e c t  of  t h e  t h e  miss ion .  The i n -  
v e s t i g a t i o n  of s u r f a c e  and body c h a r a c t e r i s t i c s  w i l l  be  accorded 
second p r i o r i t y .  The s e a r c h  f o r  l i f e  through d i r e c t  l i f e  d e t e c-  
t i o n  methods i s  g iven  t h e  lowest  p r i o r i t y .  However, t h e  s e a r c h  
f o r  l i f e  through t h e  i n v e s t i g a t i o n  o f  environmental  c o n s t r a i n t s  
i s  g iven  p r i o r i t y  equa l  t o  and i s  e s s e n t i a l l y  synonomous w i t h  t h e  
i n v e s t i g a t i o n  o f  t h e  a tmosphere .  

More s p e c i f i c  o b j e c t i v e s  and exper iments  t o  s a t i s f y  them a r e  
p resen ted  i n  t h e  nex t  s e c t i o n .  

Des i red  Measurements 

Tab le  5 ,  based on t h e  g e n e r a l  s c i e n t i f i c  o b j e c t i v e s  and t h e  
p r e s e n t  knowledge of Venus, l i s t s  t h e  d e s i r a b l e  measurements f o r  
a n  e a r l y  Venus miss ion .  I n  c r e a t i n g  t h i s  l i s t ,  t h e  f o l l o w i n g  
ground r u l e s  were used:  
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1) The measurements w i l l  be made d u r i n g  t h e  e a r l y  s t a g e s  
o f  e x p l o r a t i o n ,  i . e . ,  t h e  m i s s i o n  i s  e i t h e r  t h e  f i r s t  
t o  e n t e r  t h e  atmosphere o r  h a s  been preceded o n l y  by 
a s imple  atmosphere e n t r y  probe o r  f l y b y  v e h i c l e  such 
a s  Mariner  67;  

2) Emphasis w i l l  be  p laced  on measurements o f  t h e  ambient  
environment and t h e  environment below and s l i g h t  above 
s t a t i o n  a l t i t u d e ;  i . e . ,  from abou t  150 km down t o  t h e  
s u r f a c e .  I o n o s p h e r i c  measurements, f o r  example, a re  
n e g l e c t e d ;  

3 )  Measurements o f  q u e s t i o n a b l e  f e a s i b i l i t y  have been i n -  
c luded  t o  avo id  making 2 p r i o r i  d e c i s i o n s .  

P r i o r i  t i e s  

No s i n g l e  o b s e r v i n g  system could hope t o  accomplish  t h e  meas- 
urement of a l l  of  t h e  pa ramete r s  l i s t e d  i n  t a b l e  5 .  T h e r e f o r e ,  
i t  i s  n e c e s s a r y  t h a t  some form of  p r i o r i t y  o r d e r i n g  on t h e  b a s i s  
o f  s c i e n t i f i c  mer i t  be a p p l i e d  t o  t h i s  l i s t .  A numerical  o r d e r-  
i n g  of  each  measurement i n  t h e  l i s t  i s  n o t  meaningful .  However, 
a breakdown i n t o  three o r  f o u r  g e n e r a l  c a t e g o r i e s  i n t o  which a l l  
measurements might be  a r ranged  i s  f e a s i b l e .  A s  a r e s u l t  of  d i s -  
c u s s i o n s  w i t h  D r .  G .  Ohring o f  GCA, i t  was dec ided  t h a t  bo th  
Mar t in  M a r i e t t a  and GCA would make p a r a l l e l  a t t e m p t s  a t  such a 
grouping and t o  make t h e  f i n a l  o r d e r i n g  a f t e r  an  a n a l y s i s  o f  b o t h  
l i s t s .  A l i s t  of p r i o r i t i e s  w a s  a l s o  compiled by M r .  R .  Henry 
of LRC. I n  g e n e r a l  a l l  t h r e e  g roup ings  were s imilar  t o  w i t h i n  
+1 c a t e g o r y .  

The p r i o r i t i e s  a r e  based mainly  on t h e  c o n t r i b u t i o n  t o  i n -  
c r e a s e d  knowledge t h a t  t h e  measurement of a p a r t i c u l a r  parameter  
would make. I n  our  approach t o  t h e  ass ignment  o f  r a t i n g s  w e  have 
assumed t h a t  t h e  most impor tan t  pa r t s  of  t h e  Venus environment 
are  t h e  s u r f a c e  and lower atmosphere.  By d e f i n i n g  t h e s e  p a r t s  
of t h e  environment,  o t h e r  p a r t s ,  such a s  t h e  upper atmosphere 
and hard  body o f  t h e  p l a n e t  cou ld  be i n f e r r e d .  The r e v e r s e  i s  
n o t  n e c e s s a r i l y  t r u e .  Thus, emphasis h a s  been p laced  on lower 
atmosphere and s u r f a c e  pa ramete r s ,  and such paramete r s  g e n e r a l l y  
r e c e i v e d  h i g h  r a t i n g s .  

The f o u r  g roup ings  o f  p o s s i b l e  exper iments ,  a r ranged  accord-  
i n g  t o  p r i o r i t i e s ,  a r e  l i s t e d  i n  t a b l e  6 .  The P r i o r i t y  1 group- 
i n g  c o n t a i n s  measurements t h a t  would answer t h e  most impor tan t  
o f  t h e  p r e s e n t l y  o u t s t a n d i n g  problems concern ing  t h e  Venus env i ron-  
ment. The measurement o f  t h e s e  s ix  paramete r s  a l o n e  would con- 
s t i t u t e  a n  enormous i n c r e a s e  i n  o u r  knowledge o f  t h e  p l a n e t .  
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Note t h a t  a l though  on ly  s i x  parameters  a r e  l i s t e d ,  t h e  number o f  
exper iments  r e q u i r e d  t o  determine t h e s e  parameters  may be g r e a t e r  
t h a n  s i x .  For  example, d e t e r m i n a t i o n  o f  a tmospher ic  composi t ion 
and c loud composi t ion may each r e q u i r e  s e v e r a l  exper iments ,  T h i s  
may a l s o  a p p l y  t o  t h e  d e t e r m i n a t i o n  of o t h e r  p r o p e r t i e s  of  t h e  
Venus environment.  

The second group of  measurements are t h o s e  t ha t  d e f i n e  the  
dynamics, thermodynamics, and s t r u c t u r e  of t h e  atmosphere as w e l l  
as t h e  spatial v a r i a t i o n s  of important  lower atmosphere pa ramete r s ,  
The term l a r g e- s c a l e  h o r i z o n t a l  v a r i a t i o n s  i n  t h e s e  l i s t i n g s  i s  
meant t o  r e p r e s e n t  thG v a r i a t i o n  from s u b s o l a r  t o  a n t i s o l a r  p o i n t s  
and from s u b s o l a r  t o  p o l a r  p o i n t s  on t h e  p l a n e t .  S u c c e s s f u l  ac- 
complishment of t h e  measurements i n  P r i o r i t y  1 and 2 groups  would 
p rov ide  u s  w i t h  a good p i c t u r e  of t h e  o v e r a l l  c l ima to logy  o f  the 
Venus atmosphere and some important  in fo rmat ion  on s u r f a c e  charac-  
t e r i s t i c s ,  

The P r i o r i t y  3 measurements i n c l u d e  pa ramete r s  a s s o c i a t e d  w i t h  
t h e  upper atmosphere,  v a r i o u s  r a d i a t i o n  f l u x e s ,  and f i e l d s .  Meas- 
urement of t h e  r a d i a t i o n  f l u x e s ,  a s i d e  from p r o v i d i n g  i n f o r m a t i o n  
on t h e  h e a t  ba lance  o f  t h e  p l a n e t  and i t s  atmosphere,  would be  
u s e f u l  f o r  i n f e r r i n g  such c h a r a c t e r i s t i c s  o f  the  environment as 
a tmospher ic ,  c loud ,  and s u r f a c e  composi t ion;  s u r f a c e  and atmos- 
p h e r i c  t empera tu res ;  and s c a t t e r i n g  p r o p e r t i e s  o f  the  atmosphere 
and c l o u d s .  

The P r i o r i t y  4 measurements i n c l u d e  ha rd- core  geophysics  ob- 
s e r v a t i o n s ,  l i f e - d e t e c t i o n  exper iments ,  and t e l e v i s i o n  photographs 
o f  t h e  c louds  and s u r f a c e .  Both l i f e  d e t e c t i o n  and t e l e v i s i o n  
exper iments  a r e  cons ide red  premature a t  t h i s  t ime, b u t  f o r  d i f -  
f e r e n t  r e a s o n s .  With our  p r e s e n t  u n c e r t a i n  knowledge of t h e  
Venusian environment,  t h e  e x i s t e n c e  of l i f e  seems improbable.  
T e l e v i s i o n  photographs of t h e  c louds  would p robab ly  not  f u r n i s h  
a s  much a d d i t i o n a l  in fo rmat ion  on t h e  Venusian c l o u d s  a s  would 
d i r e c t  i n  s i t u  cloud composit ion o b s e r v a t i o n s .  T e l e v i s i o n  photo- 
graphs  of t h e  s u r f a c e ,  however, would f u r n i s h  a g r e a t  d e a l  of  new 
in format ion .  U n f o r t u n a t e l y ,  o u r  knowledge o f  t h e  lower atmos- 
phere  i s  so meager t h a t  w e  do not  know how much s o l a r  r a d i a t i o n  
p e n e t r a t e s  t h e  c loud l a y e r ,  and hence,  whether t h e r e  i s  s u f f i c i e n t  
i l l u m i n a t i o n  i n  t h e  lower atmosphere f o r  o b t a i n i n g  t e l e v i s i o n  
photographs .  

/ 
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Experiments 

I n  t h e  p rev ious  s e c t i o n ,  a p r i o r i t y  l i s t  was g iven  i n  which 
s e v e r a l  key pa ramete r s  whose measurements would answer t h e  most 
impor tan t  o f  t h e  p r e s e n t  q u e s t i o n s  concerning Venus were g iven  
t o p  p r i o r i t y .  The cho ice  o f  those  key pa ramete r s  was based on a n  
a n a l y s i s  of o u r  p r e s e n t  unders tand ing  o f  Venus. I n  d e f i n i n g  pos- 
s i b l e  exper iments  t o  measure t h e s e  key parameters ,  a n o t h e r  c r i -  
t e r i o n  was adopted i n  a d d i t i o n  t o  t h e  s c i e n t i f i c  v a l u e  o f  a p a r -  
t i c u l a r  exper iment .  T h i s  c r i t e r i o n  i s  t h e  c o m p a t i b i l i t y  o f  a 
p a r t i c u l a r  exper iment  w i t h  t h e  BVS concep t .  I n  g e n e r a l ,  t h e  
buoyant s t a t i o n  h a s  t h e  impor tan t  c a p a b i l i t i e s  o f  (1) d i r e c t  
-- i n  s i t u  sampling,  (2)  d i r e c t  sampling o f  v e r t i c a l  and h o r i z o n t a l  
v a r i a t i o n s ,  and ( 3 )  long experiment l i f e .  

I n  s e l e c t i n g  exper iments  f o r  t h e  BVS, i t  h a s  been assumed 
t h a t  t h e  s t a t i o n  f l o a t s  a t  a n  e q u i l i b r i u m  a l t i t u d e  above t h e  
c loud t o p s  and has  t h e  c a p a b i l i t y  t o  r e l e a s e  s e v e r a l  drop sondes.  

The s t a r t i n g  p o i n t  f o r  s e l e c t i n g  t h e  exper iments  was a "shop- 
ping l i s t "  of  exper iments  f o r  each  of t h e  d e s i r e d  measurements 
i n  t a b l e  6 .  T h i s  l i s t  i s  shown i n  t a b l e  7 .  The exper iments  were 
then  examined t o  de te rmine  t h e i r  d e t a i l e d  c h a r a c t e r i s t i c s  (Anpendix 
B) and c o m p a t i b i l i t y  w i t h  the  BVS concep t .  S u i t a b l e  exper im2nts  
were a r ranged  i n t o  pay loads  f o r  each of t h e  f i v e  b a s i c  BVS con- 
f i g u r a t i o n s  used i n  t h e  mode m o b i l i t y  s t u d i e s  and t h e  payloads  
analyzed t o  determine t h e  requ i rements  t h e y  p l a c e  on the  o t h e r  
s t a t i o n  subsystems. 

The two most promising c o n f i g u r a t i o n s ,  namely t h e  small ,  non- 
c y c l i c  s t a t i o n  and tLe medium-weight Voyager- class  s t a t i o n ,  were 
s e l e c t e d  f o r  f u r t h e r  s t u d y  and t h e i r  s c i e n t i f i c  payloads  r e i t e r a t e d .  
The exper iment  complements s e l e c t e d  f o r  t h e s e  two c o n f i g u r a t i o n s  
a r e  shown i n  t a b l e s  8 t h r u  11. The exper iments  and t h e  s c i e n t i f i c  
miss ions  a r e  d i s c u s s e d  f u r t h e r  i n  appendix B and i n  t h e  volumes on 
t h e  200 l b  and 2000 l b  s t a t i o n s  (vo l  V and V I ) ,  

No claim i s  made t h a t  t h e s e  experiment complements are  t h e  
u l t i m a t e ;  however, they a r e  cons ide red  t y p i c a l  and a p p r o p r i a t e  
f o r  t h i s  s t u d y  i n  t h a t  t h e y  p rov ide  t h e  d e t a i l  necessa ry  f o r  de- 
te rmin ing  t h e  f e a s i b i l i t y  and g e n e r a l  s c i e n t i f i c  v a l u e  of t h e  BVS 
concept . 

30 



m 
5 m 

m C  
$ 4 0  

U 

E U  o m  
U E  

a:: 

2 ? 

In 
$4 

U 
al 
E 
$4 

4 
al 
0 
0 

al a 
0 
In 

a 
$4 

rl> 

.rl 
0 C  a 0  
a v) 

a m  

m m  

In 

al U 

4 
a 
.rl 
U 
$4 

a 
U 

w 

: 
9) 

m 
E 

C 

.rl 
U 

.,m 4 
al d 

0 

4 
4 

B 
I 

la 
a 
.rl 
E= 

C 

.rl 
U 

U 
.rl 
a .rl 
0 
a, 
$4 a 

0. 

U w 
a 
m 
m 
P 
p9 

C 
0 
m 
$4 

m 
C 
m m 
o m  u m  

m o  m m  
$d a 

2 2  

TJ 

m 
m 
P 
p9 

C 
0 

m 
$4 

0 (0 

C 
m m m  

W 
al-u 
i 4 C  
3 0  L I m  
m 
$dR 
a 0  R U  
ETJ  

E+ 

C 
0 

E $ 4  o m  
$4u w .A 

m $ 4  
5 0  

w a  
O C  

e 

* a  

F m  
.rl a 
. % o m  
0 $45 
m a m  

E+ 

0 
.rl 
$4 
a, 
S Q m 

8 
U 
ld 
I 

a, 

3 U 

m 
$4 

P 

e B 

a, 
GI 

-2, 
0 
E U 
m 
I 

C 
0 
.rl U 

.rl 10 

0 a 
0 
V 

m 
.A 4 

C 
0 .rl 
U 

TJ 3 

0 $4 

h U 

.rl m 
C 
al a 
0 .A 

$4 

-2, 
0 

U 
E 
4 

h U 
.rl > 
.rl U 
0 

0 .rl 
a 
$4 

m 
m w 
$4 

m 

C 
0 
.rl U 

0 
al U 
al a 
a, w 
.rl 
J 

h 
4 

0 0 $4 

0 a 
$ 4 m  m a l  $4 

ma = 
- 0  U m m  

i.4 m 
w a$4 m m 
u 0 a $ 4 3  
W E a  $4 M a l -  ld E 
0 E m u  u C.d 0 m 
0 0  a 
S dP-rl 

H H J  

0 
W a 
0 m 
a 
$4 a 
C 

In 
$4 

U m 
E 
U 
0 
.c a 

rn 
$4 

Y 
0 

U 
N U  

h u a  
.rl 3 
$ 4 0  
0 4  

.PI u $4 

a 

31 



TABLE 8.  - SCIENCE INSTRUMENTS FOR 200-LB BVS 

Data 
a c q u i s i t i o n  

Data p e r  
Weight ,  

l b  
Power, 

W 
measurement 

b i t s  
Range of 

measurements 

4 p l a t i num r e s i s t a n c e  
tempera ture  s e n s o r s  

1 .o .8 14 Three t imes p e r  
o r b i t ;  eve ry  
1.25 h r  except  
du r ing  a c q u i s i t i o n  
of d rop  sonde d a t a  

Measure eve ry  
13.3 see du r ing  
decen t  

200- 500 OK 
450-80C O K  

6 ranges :  
4 

1-10 mb 

6 p r e s s u r e  s e n s o r s  3 .O .6 14  

1 . 5  

1 .o 
1 .5  

1 .5  

1 .o 

Composition: 

HZO 

N 2  

02 

co2 

l i n e  (P, Y ,  M) 

A 

Acou s t i c t r?ns;?3i s s i o n  

.01% v o l  

1% 

.01% 

.01% 

1% 

1 0 - ~ - 1 0 - ~  3 .O 4 .O 28 
3 

glcm 

Drop sondes (2) 
measure P, T. H,O 

LO 
(5  each) 

5 
5 

28  
(3192 
t o t a l )  

On command S t a t i o n  
t o  

s u r f a c e  

T o t a l  Weight: 23.5 ( i n c l u d i n g  two 5 - l b  drop  sondes)  

TABLE 9 .  - FIVE-POUND DROP SONDE EXPERIMENTS 

Power W Data Weighty l b  

.25 .2 

.2 

.5 

7 b i t s  
eve ry  30 sec  

P la t inum r e s i s t a n c e  
temp era t u r e  s enso r  

P r e s s u r e  s e n s o r s  (2)  
(wide r ange )  

.75 14 b i t s  
eve ry  30 sec  

Water vapor  d e t e c t o r  
(A120, e l e c t r o l y t i c  

.5 7 b i t s  
eve ry  30 s e c  

28 T o t a l s  1 .5  .9 
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TABLE 10. - 2000-POUND BVS EXPERIMENTS 

Experiment 

Temperature sensors ( 4 )  

Pressure sensors (10) 

Acoustic transmission 

Mass spectrometer 
(atmospheric gases) 

Pyrolysis /gas chroma tograph, 
MS (cloud, dust composition] 

Dust/cloud particle collec- 
tor f o r  5 

Vidicon microscope (dust & 
biota) 

Minimum biolaboratory 

Dust collector for experi- 
ments 7 & 8 

Ion chamber and Geiger tube 

Ultraviolet radiation flux 

Visible/near-IR flux 

Altimeterlradar scatter- 
ome ter 

Microwave scanner/spec trom- 
eter 

IR scanner/spectrometer 

Light backscatter from 
aerosols 

Weight 

eight, 
lb 

2 

5 

3 

10 

15 

2 

15  

20 

2 

3 

2 

3 

15 

25 

10 

5 

137 

Power, W 

0.8 

1.0 

4 

10 

15 

10 peak 
1 .o 

Cont. 

8 

10 peak 

0.5 

0 .5  

1.5 

2.3 

30 

4 

5 

Data acquisition 

Two 7-bit wordsjmeasurement (range 
switched electronically) 

Four 7-bit words/measurement (2 
ranges - 2 sensorslrange) 

Four 7-bit words/reading 
Three readings/sample = 84 bits 

4000 bits/analysis 
60 sec/analysis 
10 000 bits/analysis 
1 hr/analysis 
Status only 

255 000 bitslpicture 
20 pictures/sample = 5.1 x lo6  bits 
100 hr /ana lysis 
13 500 bits/analysis 
Status only 

14 bits - ion chamber 
21 bits - GM tube every 10 sec for 
60 sec 

Six 7-bit words/measurement 

25 7-bit words/measurement 

10 000 bits/lO sec scan 
14 bits - altitude 
100 000 bitslimage 
10 000 bits/scan, 4 wavelengths 
255 000 bitslimage 
10 000 bitslscan, 4 wavelengths 

10 7-bit words/sec 
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CONCLUSIONS 

Table  1 2  compares t h e  two experiment payloads on t h e  b a s i s  of  
t h e i r  c o n t r i b u t i n g  t o  t h e  d e s i r e d  o b j e c t i v e s .  A s  c a n  be s e e n ,  
bo th  payloads c o n t r i b u t e  t o  a l l  of t h e  P r i o r i t y  1 measurements. 
( w i t h  t h e  e x c e p t i o n  of c loud composi t ion  i n  t h e  s m a l l  BVS) and 
many of  t h e  P r i o r i t y  2 measurements. Thus, t h e  small s t a t i o n  
answers t h e  most impor tant  ques t  ions  about  t h e  Venus atmosphere 
w h i l e  t h e  l a r g e  s t a t i o n  answers t h o s e  and most o f  t h e  o t h e r  
q u e s t i o n s  w e  can i n t e l l i g e n t l y  a s k  about  Venus. I n  f a c t ,  s i n c e  
w e  know s o  l i t t l e  a t  p resen t  about  Venus, it becomes d i f f i c u l t  
t o  u s e  t h e  f u l l  c a p a b i l i t y  of t h e  l a r g e r  s t a t i o n  i n  a n  optimum 
manner and t h e  s e l e c t i o n  of one experiment over  a n o t h e r  becomes 
somewhat f a n c i f u l  f o r  t h e  e a r l y  miss ions .  

W e  conclude t h a t  a n  e a r l y  BVS miss ion  of  t h e  At las /Cen taur  
launch v e h i c l e  c l a s s  can answer t h e  most impor tant  s c i e n t i f i c  
q u e s t i o n s  w e  have about  Venus w h i l e  t h e  l a r g e r ,  Voyager- class 
BVS ( c y c l i c  o r  w i t h  d r o p  sondes )  appears  t o  have t h e  c a p a b i l i t y  
f o r  answer ing a l l  of t h e  q u e s t i o n s  t h a t  might be asked about t h e  
Venus atmosphere and g e n e r a l  s u r f a c e  c h a r a c t e r i s t i c s  The i n-  
v e s t i g a t i o n  of t h e  body and d e t a i l e d  s u r f a c e  c h a r a c t e r i s t i c s  w i l l ,  
o f  c o u r s e ,  r e q u i r e  a v e h i c l e  t o  be landed on t h e  s u r f a c e .  The 
d e s i g n  of such  a v e h i c l e ,  however, w i l l  r e q u i r e  a d e t a i l e d  i n -  
v e s t i g a t i o n  of t h e  s u r f a c e  and nea r  s u r f a c e  c o n d i t i o n s  t h a t  on ly  
a l a r g e  BVS can conduct .  

The d rop  sondes a r e  a necessa ry  a d j u n c t  t o  any BVS, c y c l i c  
o r  noncyc l i c .  Indeed,  t h e i r  v e r s a t i l i t y  makes t h e  concept  of  
c y c l i n g  t h e  s t a t i o n  somewhat q u e s t i o n a b l e  from t h e  s c i e n t i f i c  
p o i n t  of view. 
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TABLE 1 2 .  - COMPARISON OF 200- AND 2000-LB BVS 

Temperature 

S u r f a c e  Temperature 
Cloud Compos it i o n  
C i r c u l a t i o n  

Cloud s t r u c t u r e  
Temperature v a r i a t i o n s  
P r e s s u r e  v a r i a t i o n  
Microwave emiss ion  
Trace  C o n s t i t u e n t s  
Nature  of s u r f a c e  
P a r t i c u l a t e s  
S u r f a c e  i n s o l a t i o n  

Outgoing the rmal  r a d i a t i o n  
Atmospheric i n s o l a t i o n  
Atmospheric the rmal  r a d i a t i o n  
Magnetic f i e l d s  

Winds - s ma 11 s ca l e  
P r e c i p i t a t i o n  

Se i smic  a c t i v i t y  
Volcan ic  a c t i v i t y  
S u r f a c e  r a d i o a c t i v i t y  
L i f e  d e t e c t i o n  

Mart in  M a r i e t t a  Corpora t ion  
Denver, Colorado 

A p r i l  2 8 ,  1967 
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APPENDIX A 

DROP SONDES 

DROP SONDE OBJECTIVES 

One of t h e  advantages  of a buoyant s t a t i o n  f l o a t i n g  h igh  i n  
t h e  Cytherean atmosphere i s  i t s  a b i l i t y  t o  conduct  m u l t i l o c a t i o n  
i n v e s t i g a t i o n s  of t h e  lower atmosphere through t h e  use  of small 
probes wi thou t  exposing i t s e l f  t o  t h e  h o s t i l e  n e a r - s u r f a c e  en- 
vironment .  The de t e rmina t ion  of a tmospher ic  p r e s s u r e ,  t empera tu re ,  
d e n s i t y ,  and composi t ion a t  s e v e r a l  w ide ly  spaced l o c a t i o n s  i s  of  
prime importance t o  a n  unders tanding  of t h e  Cytherean meteorology,  
a tmospher ic  phys ics  and chemis t ry ,  s u r f a c e  chemis t ry ,  and t h e  op- 
timum d e s i g n  of f u t u r e  e x p l o r a t o r y  mis s ions .  These lower atmos- 
phere  parameters  could  be measured from s m a l l  probes o r  d rop  
sondes and t e l eme te red  t o  t h e  s t a t i o n .  By employing thermal  i n -  
s u l a t i o n  t echn iques  and  phase change h e a t  s i n k s ,  t h e  sonde might 
even s u r v i v e  t h e  h igh  s u r f a c e  tempera tures  long enough t o  g a t h e r  
d e t a i l e d  d a t a  on t h e  s u r f a c e  c h a r a c t e r i s t i c s .  However, t h e  i n -  
t e l l i g e n t  d e s i g n  of such a sonde r e q u i r e s  a much b e t t e r  knowledge 
of t h e  s u r f a c e  c o n d i t i o n s  than  p r e s e n t l y  e x i s t s  s o  i t  should  
probably be r e l e g a t e d  t o  a la te r  mis s ion .  

The t h r e e  g e n e r a l  o b j e c t i v e s  such dev ices  could  s a t i s f y  are:  

1) To e l i m i n a t e  t h e  need f o r  v e r t i c a l  c y c l i n g  by a s t a -  
t i o n  n o t  des igned t o  descend below t h e  c louds ;  

2 )  To perform exper iments  beyond t h e  c a p a b i l i t y  of a 
s t a t i o n  w i t h  a deg ree  of v e r t i c a l  m o b i l i t y  such  as 
de termining  n e a r- s u r f a c e  c o n d i t i o n s ;  

whether  below s t a t i o n  c o n d i t i o n s  w i l l  a l l o w  a safe 
d e s c e n t .  

3 )  To be used b e f o r e  a s t a t i o n  d e s c e n t  t o  a s c e r t a i n  

There a re  t h r e e  g e n e r a l  classes of  d r o p  sondes t h a t  could  per-  
form such mis s ions .  They are:  

1) Slowly f a l l i n g  sondes t o  a c c u r a t e l y  de termine  atmos- 
phe r i c  and c loud s t r u c t u r e ;  

s u r f a c e  c o n d i t i o n s ;  

t o  de termine  wind and c i r c u l a t i o n  p a t t e r n s .  

2 )  Rapidly f a l l i n g  sondes t o  de t e rmine  n e a r - s u r f a c e  and 

3 )  S m a l l ,  c o n s t a n t - l e v e l  ba l loons  f l o a t i n g  a t  abou t  30 km 
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TRAJECTORIES 

To b r i n g  t h e  d rop  sonde concept  i n t o  f o c u s ,  t r a j e c t o r i e s  were 
c a l c u l a t e d  f o r  sondes w i t h  a range of  b a l l i s t i c  c o e f f i c i e n t s  B = 
5 ,  1, 0 . 5 ,  and 0 . 1  s l u g / f t 2  
g iven  i n  NASA SP-3016. This  range  of b a l l i s t i c  c o e f f i c i e n t s  was 
chosen t o  g i v e  f a s t ,  s h o r t  d u r a t i o n  f l i g h t s  a t  one end 
and slow, long- dura t ion  f l i g h t s  a t  t h e  o t h e r  (B  = 0 . 1 ) .  The in-  
i t i a l  c o n d i t i o n s  assumed were t h e  same i n  a l l  cases, namely, t h e  
i n i t i a l  a l t i t u d e  was 70 km and t h e  i n i t i a l  v e l o c i t y  was z e r o .  
The e f f e c t s  of winds were n e g l e c t e d .  The c a l c u l a t e d  parameters  
g iven  a t  30- sec t i m e - o f - f l i g h t  i n t e r v a l s  were: 

i n  each of t h e  t h r e e  model atmospheres 

(B = 5) 

1) Radius from p l a n e t  c e n t e r ,  km; 

2)  A l t i t u d e  above s u r f a c e ,  km; 

3)  V e r t i c a l  v e l o c i t y ,  mlsec; 

4 )  Dynamic p r e s s u r e ,  l b / f  t2; 

5) Mach number; 

6) Drag a c c e l e r a t i o n ,  Ea r th  g ;  

7 )  T i m e  of f l i g h t ,  sec.  

F igu res  1 2  t h r u  17  show t h e  a l t i t u d e - t i m e  and a l t i t u d e - v e l o c i t y  
p r o f i l e s  f o r  t h e  t h r e e  model a tmospheres .  F igure  18 shows t h e  
a l t i t ude- Mach  number p r o f i l e  f o r  t h e  mean d e n s i t y  model atmosphere.  
The method of  c a l c u l a t i o n  assumed a c o n s t a n t  d r a g  c o e f f i c i e n t  f o r  
a l l  Mach numbers. Th i s  i s  a v a l i d  assumption f o r  Mach numbers l e s s  
than  about  0 . 9 ,  but  t h e  drag  c o e f f i c i e n t  g e n e r a l l y  i n c r e a s e s  r ap-  
i d l y  between 
2 o r  3 g r e a t e r  t han  t h e  low-speed v a l u e .  Consequently,  f i g u r e s  16  
and 1 7  show h ighe r  v e l o c i t i e s  f o r  longer  pe r iods  than  w i l l  a c t u a l l y  
be ob ta ined  w i t h  Lhe h igh  b a l l i s t i c  c o e f f i c i e n t s .  

0 . 9  < M < 1.1 t o  a v a l u e  t h a t  may be a f a c t o r  of 

BALLISTIC COEFFICIENTS 

These t r a j e c t o r i e s  a l l o w  l i m i t s  t o  be se t  on t h e  cho ice  of 
b a l l i s t i c  c o e f f i c i e n t s  f o r  a c lass  of sonde o r  o b j e c t i v e .  The 
lower l i m i t  on B i s  d i c t a t e d  by communication range and thermal  
c o n t r o l  c o n s i d e r a t i o n s .  It i s  d e s i r a b l e  t h a t  t h e  sonde r each  t h e  
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s u r f a c e  o r  perform i t s  mis s ion  b e f o r e  e i t h e r  t h e  communication 
range  o r  t h e  o p e r a t i n g  tempera ture  l i m i t  o f  t h e  sonde in s t rumen t s  
are  exceeded. Reasonable thermal  c o n t r o l  and communication sys-  
t e m s  a l l o w  about  30 t o  40 minutes  of u s e f u l  sonde l i f e .  If  t h e  
mean d e n s i t y  model atmosphere i s  used as t h e  d e s i g n  environment ,  
f i g u r e  13 shows t h a t  B 2 0 . 5  a l lows  t h e  sonde t o  r each  t h e  s u r -  
f a c e  w i t h i n  t h i s  t i m e  l i m i t .  Thus, a lower l i m i t  on t h e  b a l l i s t i c  
c o e f f i c i e n t  f o r  most classes of  sondes i s  

requi rement  has  been i d e n t i f i e d  f o r  a sonde l i f e  g r e a t e r  t han  30 
t o  40 minutes  (wi th  t h e  e x c e p t i o n  of t h e  s m a l l ,  c o n s t a n t - l e v e l  
b a l l o o n s ;  however, t h e  above remarks do n o t  a p p l y  i n  t h i s  c a s e  
s i n c e  it i s  env i s ioned  t h a t  t h e  b a l l o o n s  would f l o a t  a t  a temper-  
a t e  a l t i t u d e  and would communicate w i t h  t h e  o r b i t e r ) .  If  such a 
requi rement  does p r e s e n t  i t s e l f ,  s t r i n g e n t ,  bu t  perhaps n o t  i m -  
p o s s i b l e ,  demands w i l l  be p laced  on t h e  thermal  c o n t r o l  and com- 
munica t i o n s  s y s  t e m s  . 

BL = 0 . 5 .  No s t r o n g  

I n  t h e  even t  t h a t  t h e  upper d e n s i t y  model atmosphere were en- 
coun te red ,  a sonde w i t h  B = 0.5  would r e q u i r e  75 minutes t o  
r e a c h  t h e  s u r f a c e .  This  predicament could  be remedied by changing 
t h e  b a l l i s t i c  c o e f f i c i e n t  i n  f l i g h t .  A s  w i l l  be s een  l a t e r  a 
b a l l i s t i c  c o e f f i c i e n t  of  B = 0 . 5  i s  o b t a i n e d  w i t h  d r a g  d e v i c e s  
such  as pa rachu te s  o r  f l a r e d  a f t e r b o d i e s .  A t i m e r  o r  tempera ture  
s e n s o r  could  be employed t o  i n i t i a t e  t h e  release of t h e  d rag  de-  
v i c e  a f t e r  a g iven  t i m e  o r  tempera ture  were exceeded, t he reby  
i n c r e a s i n g  t h e  b a l l i s t i c  c o e f f i c i e n t  and  a l l o w i n g  broader  a l t i -  
t u d e  coverage .  

I f  t h e  s t a t i o n  i s  n o t  des igned t o  descend,  i t  w i l l  be d e s i r -  
a b l e  t o  u se  a sonde t h a t  descends  ve ry  s lowly  through t h e  c louds .  
A b a l l i s t i c  c o e f f i c i e n t  of  0 . 1  w i l l  a l l o w  t h i s ,  bu t  t h e  s t a t i o n  
w i l l  d r i f t  o u t  of range b e f o r e  t h e  sonde r eaches  t h e  lower atmos- 
phere .  I n  t h i s  c a s e ,  a t imer o r  p r e s s u r e  swi t ch  could  b e  used t o  
i n i t i a t e  release of t h e  pa rachu te .  

Thus, t h e  l i m i t s  on t h e  b a l l i s t i c  c o e f f i c i e n t  depend on  t h e  
s c i e n t i f i c  mi s s ion  o r  o b j e c t i v e  of t h e  sonde.  If t h e  mis s ion  of  
t h e  sonde i s  t o  i n v e s t i g a t e  a tmospher ic  o r  c loud s t r u c t u r e ,  it  
i s  d e s i r a b l e  t o  keep t h e  sonde v e l o c i t y  w e l l  below t h e  speed of  
sound t o  f a c i l i t a t e  a c c u r a t e  and s imple  measurements. While t h e  
a c c u r a t e  measurement of p r e s s u r e ,  t empera tu re ,  e t c . ,  a t  v e l o c i -  
t i e s  n e a r  t h e  speed of sound i s  n o t  t oo  d i f f i c u l t ,  i t  does r e q u i r e  
more complex i n s t r u m e n t a t i o n  and knowledge of o t h e r  parameters  
such  as Mach number and s p e c i f i c  h e a t  r a t i o .  F igu re  18 shows t h a t  

c 
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a sonde w i t h  B = 1 i s  below Mach 1 dur ing  i t s  e n t i r e  f l i g h t ,  
and a sonde w i t h  B = 5 i s  below Mach 1 f o r  a l l  b u t  50 sec o r  
15 km of i t s  f l i g h t .  However, t o  a l l o w  f o r  t h e  cont ingency of 
encoun te r ing  t h e  lower d e n s i t y  model atmosphere,  a n  upper l i m i t  
of B = 1 should  be s e l e c t e d .  

I f  i t  i s  d e s i r e d  t o  r e a c h  t h e  s u r f a c e  q u i c k l y  o r  t o  r e a c h  t h e  
lower atmosphere (-20 km) q u i c k l y  and proceed more s lowly  from 
t h e r e  by deploying  a pa rachu te ,  a b a l l i s t i c  c o e f f i c i e n t  of B _> 
5 would be t h e  l o g i c a l  s e l e c t i o n .  

I n  conc lus ion ,  i t  i s  seen  t h a t  b a l l i s t i c  c o e f f i c i e n t s  i n  t h e  
can be used t o  advantage  w i t h  t h e  cho ice  of range  

B depending on t h e  s c i e n t i f i c  o b j e c t i v e s  of  t h e  p a r t i c u l a r  sonde. 
0 .1  5 B ,< 10 

DROP SONDE SHAPE 

The d r a g  c o e f f i c i e n t  CD f o r  s l e n d e r ,  da r t - shaped  missiles 

i s  g e n e r a l l y  between 0 . 1  and 0 . 3  ( r e f .  7 9 ) ,  depending on t h e  e x a c t  
shape .  For t h e  purposes of t h i s  s tudy  i t  i s  assumed t h a t  d a r t -  
shaped sondes can be des igned w i t h  a d rag  c o e f f i c i e n t  of 0 . 3 .  

To keep a sonde from tumbling,  t h e  l e n g t h  should  be about  
t h r e e  t i m e s  t h e  d i ame te r .  The weight  of t h e  sonde i s  g iven  by: 

o r ,  s i n c e  B = m/C A ,  D 

7t mg = -gBC d2 4 D  

Equating ( A l )  and (A2), w e  g e t  t h e  lower l i m i t  on B: 

F igu re  19  shows t h i s  minimum b a l l i s t i c  c o e f f i c i e n t  f o r  packaging 
d e n s i t i e s  of  25, 50,  75, and 100 l b l c u  f t .  I f  i t  i s  d e s i r e d  t o  
u se  t h i s  t ype  of sonde w i t h  a low b a l l i s t i c  c o e f f i c i e n t  (5 1) l o w  
packaging d e n s i t i e s  r e s u l t .  

3 
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The h igh  d rag  c o e f f i c i e n t s  r e q u i r e d  t o  g e t  low b a l l i s t i c  co-  
e f f i c i e n t s  can  be ob ta ined  w i t h  smal l  pa rachu te s  o r  f l a r e d  a f t e r -  
bodies  as shown i n  f i g u r e  20. Another p o s s i b i l i t y  would be coun- 
t e r r o t a t i n g  p r o p e l l e r s  t o  supply  both  d r a g  and e l ec t r i ca l  power. 
These c o n f i g u r a t i o n s  can  be des igned w i t h  

f l a r e d  a f t e r b o d i e s  o r  p r o p e l l e r s  and w i t h  
c h u t e s .  

0.4 ,< CD ,< 0 .8  

0 . 7  2 CD 

f o r  t h e  

f o r  para-  

DROP SONDE CONFIGURATIONS 

S p e c u l a t i o n  on t h e  d i f f e r e n t  t ypes  of sondes and experiments  
t h a t  could be performed from such  sondes can be a lmost  l i m i t l e s s .  
Two c o n f i g u r a t i o n s  were d e f i n e d  t o  r e s t r i c t  t h e  s tudy  t o  t h a t  of  
de termining  t h e  f e a s i b i l i t y ,  o r  r a t h e r  t h e  deg ree  of f e a s i b i l i t y  
of v a r i o u s  s i z e s  of sondes .  They are  e s s e n t i a l l y  sondes a t  two 
ends  of t h e  weight  s c a l e .  The smaller i s  d e f i n e d  by t h e  minimum 
complement of  exper iments  r e q u i r e d  t o  make i t  s c i e n t i f i c a l l y  
meaningful .  The l a r g e r  w a s  chosen t o  be r e p r e s e n t a t i v e  of  a 
heavy sonde w i t h  complex exper iments .  Table  13 l i s t s  t h e s e  as  
ConEigura t ions  A and E ,  w i t h  B ,  C ,  and D be ing  t y p i c a l  g r a d a t i o n s  
between t h e  two. 

Many o t h e r  exper iments  and combinat ions of exper iments  could  
be d e f i n e d  t o  g i v e  a n  a lmost  cont inuous  spectrum from t h e  smaller 
sonde up t o  perhaps a sonde of twice  t h e  s i z e  of Conf igu ra t ion  E.  
The i n t e n t  h e r e  i s  t o  i n v e s t i g a t e  t h e  d i f f e r e n c e  i n  requi rements  
of t h e  two sondes .  

A b a l l i s t i c  c o e f f i c i e n t  of 1 was assumed t o  be d e s i r a b l e  f o r  
bo th  sondes ,  g i v i n g  a t i m e  of f l i g h t  from s t a t i o n  t o  s u r f a c e  of 
1440 s e c  o r  24 minutes  i n  t h e  mean d e n s i t y  model atmosphere.  I f  
a n  extreme atmosphere i s  encountered ,  t h e  t i m e s  o f  f l i g h t  become 
56 and 15 minu te s ,  r e s p e c t i v e l y ,  f o r  t h e  upper  and lower d e n s i t y  
model a tmospheres .  The mean atmosphere w i l l  be assumed f o r  pur-  
poses of d i s c u s s i o n .  

The s t a r t i n g  p o i n t  f o r  each  c o n f i g u r a t i o n  was t h e  l i s t  of ex-  
periments  as shown i n  t a b l e  13. Using t h e s e  l i s t s ,  d a t a  rates 
were e s t a b l i s h e d ,  t h e  t e l e m e t r y  system and b a t t e r i e s  s i z e d ,  and 
a n  average  payload packaging d e n s i t y  computed. The average  den- 
s i t y  was used t o  d e f i n e  t h e  dimensions of a c y l i n d r i c a l  sonde and  
thermal  c o n t r o l  we igh t s  were c a l c u l a t e d .  F i n a l l y ,  a d r a g  d e v i c e  
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was chosen to give a ballistic coefficient of 1, and the total 
weight and dimensions were computed. The battery and thermal con- 
trol weights were computed f o r  a 1 hr drop time in the upper 
density atmosphere. 

TABLE 13. - DROP SONDE EXPERIMENT COMPLEMENTS 

Experiment /instrument 

Temperature sensors (2) 

Pressure (static) ( 4 )  
(impact) (1) 

Combination Pitot tube/ 
impactometer ( 4  
static, 1 impact 
pressure sensors) 

Photometers/filters (3) 
(6)  

Acoustic transmission 
1 ine 

Mass spectrometer (MS) 

Cloud sampler for MS 

Simple gas detectors: 
H2 0 
c02 
02 
A 
N2 

Total weight 

Total power 

Weight, 
lb 

.5 

2 .o 
.5 

3 .O 
3 .O 
6 .O 

3 .O 

10 .o 
2.0 

1.5 
1 .o 
1.5 
1.5 
1 .o 

Power, 
W 

.4 

.4 

.1 

1 .o 
1.5 
3 .O 

4 .O 

10 .o  
2 .o 

1 .o  
1 .o  
1 .o  
1 .o 
1 .o 

- 
A 

X 

X 
X 

- 

3 .O 

.8 - 

Conf igurE - - 
B 

X 

x 
X 

- 

X 

X 

9 .o 
6.3 - 

C 

X 
7 

X 

X 

X 
X 
X 
X 
X 

13 .C 

10.4 - 

It ion - 
D 

X 
- 

X 
X 

X 

16.5 

12 .9  

- 
E 

xx 
- 

X 

X 

X 
X 

- 
22 .o 
16.8 - 

SMALL SONDE 

The minimum complement of experiments that would make a drop 
sonde meaningful would be one that measured pressure and tempera- 
ture as a function of time. Pressure and temperature measured at 
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lcnown t i m e  i n t e r v a l s  can be used t o  de termine  d e n s i t y ,  a l t i t u d e ,  
and mean molecular  we igh t ,  and t o  g i v e  a n  estimate o f  t h e  com- 
p o s i t i o n  ( r e f .  80).  

After t h e  sonde has  reached t e r m i n a l  v e l o c i t y  and beg ins  t o  
d e c e l e r a t e  (-10 km f r e e - f a l l  f o r  t h e  mean atmosphere) ,  t h e  g r a v i -  
t a t i o n a l  and aerodynamic f o r c e s  ba l ance ,  

mg = 1/2 p f  C ~ A  

The h y d r o s t a t i c  e q u a t i o n ,  

dP = -gpdz 

g i v e s  t h e  v e l o c i t y ,  

and hence,  t h e  d e n s i t y ,  

The a l t i t u d e  change i s  g iven  by e q u a t i o n  (A5). 
t h e  mean molecular  we igh t :  

The g a s  law g i v e s  

from which t h e  C 0 2  and N 2  c o n t e n t  can be e s t i m a t e d .  %ne1 ( r e f .  
80) estimates t h e  probable  r m s  e r r o r  i n  t h e  mean molecular  weight  
d e t e r m i n a t i o n  as  about  27%. However, t h i s  can be reduced some- 
what w i t h  t h e  fo l lowing  assumpt ions .  

1) The probable  e r r o r  i n  t h e  t empera tu re  measurement i s  

2)  

3)  

- 4-1 %; 

The probable  e r r o r  i n  t h e  p r e s s u r e  measurement i s  22%; 

The f a c t o r  C A / m  can be de termined t o  w i t h i n  21% 

u s i n g  a reproduced Venus atmosphere on E a r t h ;  

w i t h i n  i0.5%; 

D 

4 )  The g r a v i t a t i o n a l  c o n s t a n t  f o r  Venus i s  known t o  

5) The e r r o r  i n  dP/d t  i s  22%. 

(A7 ) 
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Range of 
measurement 

44 

Bits/ 

men t 

Weight, Power, 
lb W measure- Data acquisition 

With t h e s e  assumptions and s u i t a b l e  smoothing t echn iques ,  t h e  
probable  e r r o r s  are ?4.5% f o r  t h e  d e n s i t y  and +So!, f o r  t h e  mean 
molecular  we igh t .  
r a t h e r  poor because t h e  a l t i t u d e  i s  g iven  by i n t e g r a t i o n  of t h e  
h y d r o s t a t i c  e q u a t i o n  (and t h e  e r r o r s ) .  However, by s u c c e s s i v e  
i t e r a t i o n  of t r a j e c t o r i e s  i n  model atmospheres t o  o b t a i n  s e l f -  
c o n s i s t e n t  s o l u t i o n s ,  t h e  e r r o r  can be reduced s i g n i f i c a n t l y .  

The accu racy  of  t h e  a l t i t u d e  d e t e r m i n a t i o n  i s  

200 to 500°K 

450 to SOO'K 

A s imi la r  method f o r  de termining  d e n s i t y  from t h e  d rag  d e c e l -  
e r a t i o n  of t h e  sonde i s  g iven  i n  r e f e r e n c e s  81 t h r u  83.  This  
method i s  a p p l i c a b l e  f o r  t h e  f i r s t  few k i l o m e t e r s  of  f r e e - f a l l  
where t h e  v e l o c i t i e s  and d e c e l e r a t i o n s  a r e  h i g h ,  but  s i n c e  t h e  
s t a t i o n  w i l l  be i n v e s t i g a t i n g  t h i s  r e g i o n  i n  d e t a i l ,  t h e  informa- 
t i o n  i s  of d o u b t f u l  v a l u e .  The method cou ld ,  however, be used t o  
advantage  w i t h  h igh  b a l l i s t i c  c o e f f i c i e n t  sondes.  

One measurement 
.25 .2 7 every 10 sec 

.25 .2 7 every 10 sec 
One measurement 

Table 14 l i s t s  t h e  experiments  and t h e i r  c h a r a c t e r i s t i c s .  
A l l  measurements are t o  be made a t  10-sec in tervals  s t a r t i n g  on 
r e l e a s e .  I n  t h e  mean d e n s i t y  atmosphere,  t h i s  g i v e s  144 measure- 
ments i n  each of t h e  f o u r  channels  and a t o t a l  of  4032 b i t s  of 
s c i e n t i f i c  d a t a ;  housekeeping d a t a  w i l l  amount t o  about  1008 b i t s  
f o r  a t o t a l  of 5040 b i t s .  A t r ansmiss ion  ra te  of 3 .5  b i t l s e c  w i l l  
s u f f i c e  t o  r ead  t h e  d a t a  o u t  i n  rea l  t i m e .  The t o t a l  number of 
b i t s  gene ra t ed  i n  t h e  upper d e n s i t y  atmosphere i s  about  1 2  600. 

.5 3 0 to 10 mb 

.5 2 0 to 10 mb 

TABLE 14.  - SMALL SONDE EXPERIMENT COMPLEMENT 

One measurement 
every 10 sec 
(only one range 

.1 

.1 7 reads out) 

~~ 

Experiment 

0 to 20 mb 
(diff) 
-- 

Temperature 
sensing, A 
Temperature 
sensing, B 

One measurement 
.5 .1 7 every 10 sec 

3 .O .9 28 28 bits every 10 
see 

Pressure- 
static, A 
Pres sure - 
static, B 

Pressure- 
static, C 

Pres sure - 
static, D 

Pressure- 
impact 

Totals 

I I I I 

0 to 10 mb I .5 I .1 I 7 I 
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Table  15 g i v e s  t h e  weight  breakdown f o r  t h e  v a r i o u s  subsys-  
t e m s .  A f i g u r e  of 20 Wh/lb w a s  used t o  s i z e  t h e  b a t t e r i e s  f o r  
1 h r  of o p e r a t i o n .  The average  d e n s i t y  of t h e  t e l e m e t r y ,  e x p e r i -  
ments,  s t r u c t u r e ,  and b a t t e r i e s  i s  abou t  0 . 1  l b / c u  i n .  o r  abou t  
173 l b / c u  f t .  

TABLE 1 5 .  - WEIGHT BREAKDOWN FOR SMALL SONDE 

I Experiments 

Telemetry 

I 
4- channel  m u l t i v e r t e r  
Programer 
Master o s c i l l a t o r  
Synchronous g e n e r a t o r  
T r a n s m i t t e r  
Antenna 

Batteries 

S t r u c t u r e ,  w i r i n g ,  e t c .  

Thermal i n s u l a t i o n  

Drag d e v i c e  

T o t a l  
- 

Weight,  l b  

3 .O 

1 . 5  

1 .o 
.5 

.25 

1 .o 
1 . 7  

.5 

-9.5 

Power, Wh 

09 

.G 

Volume, cu i n .  

25 

20 

10 

5 

10 

100 
-- 
170 I 5 

Packaging t h i s  sonde i n  a 3- in . -d iam c y l i n d e r  r e s u l t s  i n  a 
l e n g t h  of abou t  10 i n .  A 0 . 6 7 - i n . - t h i c k  l a y e r  of Min-K-1301 
the rmal  i n s u l a t i o n  (0.8 l b )  backed w i t h  0.9 l b  of lOO-Btu/lb 
phase-change h e a t  s i n k  material  keeps t h e  i n t e r n a l  t empera tu re  
below 38OC (100'F) f o r  a l - h r  d e s c e n t  i n  t h e  upper d e n s i t y  atmos- 
phere .  A d r a g  d e v i c e  ( f l a r e d  a f t e r b o d y ,  p r o p e l l e r s ,  o r  a para-  
c h u t e )  t o  g i v e  a b a l l i s t i c  c o e f f i c i e n t  of 1 s l u g / f t *  might weigh 
abou t  0 .5  l b .  Th i s  would b r i n g  t h e  t o t a l  weight  t o  about  9 .5  l b .  
The dimensions of such a c y l i n d r i c a l  sonde would be abou t  4 .5  i n .  
i n  d iamete r  by 13.5 i n .  long w i t h  a rounded nose .  A schemat ic  
of t h e  s m a l l  sonde i s  shown i n  f i g u r e  21 .  

The sonde d e s c r i b e d  above i s  h e a v i e r  (by a f a c t o r  of  two) t h a n  
t h e  5 - l b  sonde p o s t u l a t e d  f o r  t h e  200-lb BVS. However, s i n c e  t h e  
estimates g iven  above are c o n s e r v a t i v e ,  i t  i s  f e l t  t h a t  a 5 - lb  
sonde could  be developed u s i n g  m i n i a t u r i z a t i o n  t e c h n i q u e s ,  s i m i -  
lar  t o  those  used i n  developing gun probe payloads ( r e f .  8 4 ) .  
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LARGE SONDE 

The experiment  complement f o r  t h e  l a r g e  sonde i s  shown i n  
t a b l e  1 6 .  There a re  f o u r  tempera ture  s e n s o r s  f o r  redundancy, and 
a combinat ion P i t o t  s t a t i c  tube/ impactometer  f o r  measurement of  
a tmospher ic  p r e s s u r e  d u r i n g  d e s c e n t  and s u r f a c e  hardness  a t  i m -  
p a c t .  A t  impact ,  t h e  P i t o t  t ube  moves back i n t o  t h e  body a g a i n s t  
t h e  a c t i o n  of a s p r i n g .  Pu l se s  a re  gene ra t ed  on t h e  car r ie r  f r e -  
quency when t h e  t u b e  i s  sheared  from t h e  body and a s  i t  moves 
g iven  d i s t a n c e s  i n t o  t h e  body. 
e r a l  microseconds a f t e r  i t  h a s  moved t h e  l e n g t h  o f  t h e  tube .  

The sonde w i l l  be des t royed  sev-  

The o t h e r  exper iments  a re  concerned w i t h  t h e  composi t ion of 
t h e  atmosphere and c l o u d s .  Gas and c loud samples f o r  t h e  mass 
spec t rometer  w i l l  be t aken  through two ho le s  nea r  t h e  f r o n t  of 
t h e  sonde.  The photometers ,  w i t h  a p p r o p r i a t e  f i l t e r s ,  w i l l  meas- 
u r e  t h e  i n t e n s i t y  of s o l a r  r a d i a t i o n  a t  wavelengths absorbed  by 
C 0 2  and H20 and a t  s e v e r a l  nonabsorbed wavelengths f o r  r e f e r e n c e  
and d e t e c t i o n  of c loud l a y e r s .  When t h e  sonde descends f a r  enough 
i n t o  t h e  c loud l a y e r  so  t h a t  t h e r e  i s  no v i s i b l e  s o l a r  r a d i a t i o n ,  
a small pulsed l i g h t  sou rce  could  be used t o  g i v e  back s c a t t e r e d  
r a d i a t i o n  from t h e  c loud p a r t i c l e s .  An e s t i m a t e  of t h e  p a r t i c l e  
d e n s i t y  can be ob ta ined  from t h i s .  

F igu re  22 shows t h e  number of  s c i e n c e  d a t a  b i t s  gene ra t ed  as  
a f u n c t i o n  of t i m e .  The m a s s  spec t rome te r ,  o p e r a t i n g  i n  t h e  
s tepped mode, g e n e r a t e s  497  b i t s  eve ry  3 minutes s t a r t i n g  1 minute 
a f t e r  release. The o t h e r  experiments  and eng inee r ing  measurements 
g e n e r a t e  98  b i t s  eve ry  10 s e c .  A t r a n s m i s s i o n  r a t e  of  about  25 
b i t l s e c  i s  s u f f i c i e n t .  The t o t a l  number of b i t s  t r a n s m i t t e d  t o  
t h e  BVS i n  t h e  upper d e n s i t y  atmosphere (-1-hr droptime) i s  about  
90 000 b i t s .  

The weight  breakdown f o r  t h e  l a r g e  sonde i s  shown i n  t a b l e  1 7 .  

The average  payload d e n s i t y  i s  0.045 l b / c u  i n .  (70 l b / c u  f t ) .  
Packaging t h i s  i n  a -/-in.-diam c y l i n d e r  g i v e s  a l e n g t h  of 19 i n .  
For a 0 . 6 7 - i n . - t h i c k  l a y e r  of Min-K-1301, t h e  weight  of t h e  i n -  
s u l a t i o n  and h e a t  s i n k  material i s  8 . 5  l b .  This  could  be reduced 
by packaging t h e  payload i n  a sphe re .  A parachute  w i t h  a n  e f f e c -  
t i v e  area of about  1 . 6  sq f t  i s  needed t o  g e t  a b a l l i s t i c  c o e f f i -  
c i e n t  of 1 s l u g / f t 2 .  
15 t o  20 i n .  and would weigh about  1 l b .  

The c h u t e  would have a d iameter  of about  
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TABLE 1 7  

Experiments 

Telemetry,  e t c .  

B a t t e r i e s  

S t r u c t u r e ,  w i r i n g  

T o t a l s  

Thermal c o n t r o l  

Parachute  

T o t a l s  

- WEIGHT BREAKDOWN FOR LARGE SONDE 

M i n i a t u r i z a t i o n  of components, development of t h e  sonde as  a 
u n i t ,  and c a r e f u l  packaging could  s i g n i f i c a n t l y  reduce t h e  weight  
and volume of t h e  l a r g e  sonde.  It i s  e s t ima ted  t h a t ,  t o  perform 
t h e  measurements d e s c r i b e d  above,  a sonde could  be developed t h a t  
would weigh a s  l i t t l e  as  20 l b  and c e r t a i n l y  l ess  t h a n  30 l b .  
F igu re  23 shows how such a sonde might l o o k .  
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Figure 22. - Large Sonde Data Acquisition 

Temperature sensors  

Inlet f o r  Mass Spectrometer 

P i t o t  tube/impactometer 
Figure 23. - Large Sonde Suspended from Parachute 
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DETAILED CWCTERISTICS OF EXPERIMENTS 

Experiments s u i t a b l e  f o r  use on a BVS a r e  examined t o  d e t e r -  
mine (1) p h y s i c a l  c h a r a c t e r i s t i c s  , ( 2 )  o p e r a t i o n a l  r equ i rements ,  
( 3 )  o p e r a t i o n a l  l i m i t a t i o n s ,  and ( 4 )  development s t a t u s .  The e x -  
per iments  a r e  a r ranged  accord ing  t o  t h e  parameter  measured. Some 
of  t h e  problem a r e a s  t h a t  might ar ise i n  the  development of s p e -  
c i f  i c  ins t ruments  a r e  g iven .  

The exper iments  d i s c u s s e d  i n  t h i s  appendix r e p r e s e n t  a d i s t i l -  
l a t i o n  of  many c a n d i d a t e  experiments cons ide red  f o r  use on the  BVS. 
While t h e r e  a r e  v i r t u a l l y  no ins t ruments  being developed s p e c i f i -  
c a l l y  f o r  use  i n  the  Venus atmosphere,  t h e r e  a r e  many concep tua l  
des igns  f o r  exper iments  t o  i n v e s t i g a t e  the  t e r r e s t r i a l  p l a n e t s .  
Most of t h e s e  concep t s  (and a l l  of the  hardware) have been d i -  
r e c t e d  toward t h e  e x p l o r a t i o n  of  Mars o r  t h e  Moon and E a r t h .  How-  
e v e r ,  many of t h e s e  exper iments  can be adap ted ,  w i t h  s u i t a b l e  mod- 
i f i c a t i o n ,  f o r  use  on a BVS. 

For t h i s  r e a s o n ,  many of the  c h a r a c t e r i s t i c s  g iven a r e  e x t r a p -  
p o l a t i o n s  based on e x i s t i n g  i n s t r u m e n t s  o r  e s t i m a t i o n s  based on 
d e s i r e d  performance.  Given s e v e r a l  y e a r s  of development, any of 
the i n s t r u m e n t s  d i s c u s s e d  can be b u i l t .  

ATMOSPHERIC - PRESSURE 

OBJECTIVES 

The o b j e c t i v e  of d i r e c t  measurement of a tmospher ic  p r e s s u r e  i s  
t o  a c q u i r e  d a t a  n e c e s s a r y  t o  f u r t h e r  d e f i n e  the  Cytherean e n v i r o n-  
ment. Data from t h i s  exper iment  w i l l  a l s o  provide  a c r o s s  check 
on d a t a  from atmospher ic  composi t ion ,  t empera tu re ,  and d e n s i t y  
measurements. P r e s s u r e  s e n s o r s  w i l l  be employed t o  take  measure - 
ments a t  known a l t i t u d e s ,  h o r i z o n t a l  p o s i t i o n s ,  and t imes .  I t  i s  
a n t i c i p a t e d  t h a t  the  c o l l e c t i o n  of p r e s s u r e  d a t a  w i l l  commence a t  
s t a t i o n  deployment and con t inue  throughout the l i f e  of the  s t a t i o n .  
A d d i t i o n a l  d a t a  w i l l  be ob ta ined  d u r i n g  s t a t i o n  descen t  c y c l e s  t o  - 10 km i f  temperatures  p e r m i t .  The use of drop sondes can p ro-  
v i d e  an a l t e r n a t i v e  source  of p r e s s u r e  d a t a  a t  a l t i t u d e s  below the  
buoyant s t a t i o n .  P r e s e n t  a tmospher ic  environmenta l  d a t a  f o r  Venus 
o b t a i n e d  from remote o b s e r v a t i o n s  and t h e o r e t i c a l  arguments i n d i -  
c a t e  t h a t  f o r  70 km to  t h e  s u r f a c e ,  p r e s s u r e  extremes may v a r y  

from - 0 . 6  t o  6 x 10  mb (- 0.01 t o  870 p s i a ) .  Obviously,  no 4 
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s i n g l e  range t r a n s d u c e r  w i l l  be s u i t a b l e  f o r  t h e  e n t i r e  range and 
s e v e r a l  types  of t r a n s d u c e r s  w i l l  be r e q u i r e d .  
s o r s  would be n e c e s s a r y  having ranges  of 0 t o  0.1, 0 t o  1, 0 t o  
10, 0 t o  100, and 0 t o  1000 p s i a .  The t r a n s d u c e r s  cons ide red  f o r  
t h e  two lower ranges  o p e r a t e  on the  p r i n c i p l e s  of (1) v i b r a t i n g  
diaphragm, (2) thermal  c o n d u c t i v i t y ,  o r  (3) v a r i a b l e  c a p a c i t a n c e .  
These lower range t r a n s d u c e r s  would r e q u i r e  o v e r p r e s s u r e  p r o t e c -  
t i o n .  The h igher  p r e s s u r e  ranges  could  be covered by t r a n s d u c e r s  
o p e r a t i n g  on the  p r i n c i p l e s  of (1) v a r i a b l e  c a p a c i t a n c e ,  (2)  var i-  
a b l e  r e l u c t a n c e ,  ( 3 )  seLniconductor s t r a i n  gages ,  o r  ( 4 )  p o t e n t i -  
omet r i c  r e s i s t a n c e  change.  

A t  least  f i v e  s e n-  

EXPERIMENTS/INSTRUMENTS 

V a r i a b l e  Capaci tance  Diaphragm Transducer  

I n  the  v a r i a b l e  c a p a c i t a n c e  diaphragm t r a n s d u c e r ,  a diaphragm 
i s  l o c a t e d  between f i x e d  p la tes  t o  form two c a p a c i t o r s .  P r e s s u r e  
a c t i n g  on the  diaphragm c a u s e s  i t  t o  d e f l e c t  and change t h e  capac-  
i t a n c e  of each of  the  c a p a c i t o r s .  The s o l i d - s t a t e  c i r c u i t r y  f o r  
the  s e n s o r  c a p a c i t o r s  i s  con ta ined  w i t h i n  the  t r ansducer  and p r o-  
v i d e s  a dc v o l t a g e  o u t p u t  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  of the  
two s e n s o r  c a p a c i t a n c e s .  The Rosemount Engineer ing Company Model 
830A p r e s s u r e  s e n s o r  cou ld  be used t o  cover  t h e  range of 0 t o  100 
p s i a .  

P h y s i c a l  c h a r a c t e r i s t i c s .  - The Rosemount c a p a c i t i v e  p r e s s u r e  
gage i s  r e l a t i v e l y  heavy, weighing about  1 . 2  l b .  I ts dimensions 
are 3.5x2.5x2.7 i n .  

O p e r a t i o n a l  c h a r a c t e r i s t i c s .  - The p r e s s u r e  sensor  and a s s o c i -  
a t e d  e l e c t r o n i c s  r e q u i r e  0 .1  A ,  28 Vdc f - lo%, 2 .8  W power i n p u t .  
No warmup p e r i o d  i s  r e q u i r e d .  

The o u t p u t  of the  dev ice  i s  0 t o  5 Vdc analog and cou ld  be e x-  
t e r n a l l y  conver ted  t o  d i g i t a l  form. Seven- b i t  accuracy i s  s u f f i -  
c i e n t .  

No deployment i s  necessa ry  o t h e r  t h a n  p rov id ing  the  s e n s o r  
d i r e c t  a c c e s s  t o  t h e  atmosphere and p rov id ing  o v e r p r e s s u r e  p r o-  
t e c  t i o n .  
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The sensor  r e q u i r e s  a thermal environment of  0 t o  435°C dur-  
ing  o p e r a t i o n .  S to rage  temperature  range i s  from -55 t o  +120°C, 
b u t  can  probably  be extended t o  meet s t e r i l i z a t i o n  requ i rements .  

Opera t iona l  l i m i t a t i o n s .  - Atmospheric p r e s s u r e  measurements 
u s i n g  t h e  Rosemont p r e s s u r e  sensor  and a 7 - b i t  d a t a  word would 
have an accuracy of approximate ly  2% of f u l l  s c a l e .  

Development s t a t u s .  - Var iab le  capac i t ance  diaphragm p r e s s u r e  
t r ansducers  f o r  t h e  ranges  d i scussed  above a r e  a v a i l a b l e  as o f f -  
the - she l f  items from the  Rosemount Engineer ing Company. Redesign 
t o  reduce the  weight  and volume and extend the  o p e r a t i n g  temper- 
a t u r e  range i s  n e c e s s a r y .  

Var iab le  Reluctance  Diaphragm Transducer 

This  type of p r e s s u r e  t r ansducer  o p e r a t e s  on the  v a r i a b l e  r e -  
l u c t a n c e  p r i n c i p l e .  The sensor  i s  a f l a t  diaphragm of magnetic 
m a t e r i a l  mounted i n  a gap between two i d e n t i c a l  magnetic core  and 
c o i l  a s sembl ies .  P r e s s u r e  a c t i n g  on t h e  diaphragm c a u s e s  i t  t o  de 
f l e c t  and vary  t h e  r e l u c t a n c e  i n  the  magnetic c i r c u i t .  R e s u l t a n t  
v a r i a t i o n  i n  inductance  of each of the c o i l s  occurs  and i s  sensed 
by a b r i d g e  c i r c u i t  i n  which the  c o i l s  a r e  connected.  The a c  v o l t -  
age b r i d g e  o u t p u t  i s  conver ted  i n t e r n a l l y  t o  a corresponding dc 
v o l t a g e  o u t p u t  i f  d e s i r e d .  

Phys ica l  d e s c r i p t i o n .  - The Pace Engineer ing Company Models 
CP51 and CP52 a r e  1-314 i n .  i n  d iameter  and 4 i n .  long and weigh 
1 .0  and 1 . 2  l b  r e s p e c t i v e l y .  

Opera t iona l  c h a r a c t e r i s t i c s .  - Most s t a n d a r d  models o p e r a t e  
w i t h  95 t o  125 Vac, 60 t o  400 c p s ,  1 W ,  o r  25 t o  30 Vdc, 20 mA 
nominal .  

The o u t p u t  i s  0 t o  5 Vdc ana log ,  a l though  s t a n d a r d  models a r e  
a v a i l a b l e  having a c  v o l t a g e  o u t p u t s .  
t a l  form of 7 - b i t  accuracy would probably be employed. 

E x t e r n a l  convers ion  t o  d i g i -  

No deployment i s  necessa ry  o t h e r  than p rov id ing  the sensor  
d i r e c t  access  t o  t h e  atmosphere.  

This type of sensor  w i l l  o p e r a t e  a c c u r a t e l y  w i t h i n  the  temper- 
a t u r e  range of -20 t o  +72"C wi th  s p e c i a l  compensation up t o  +12OoC 
o b t a i n a b l e  . 



APPENDIX B 

Opera t iona l  l i m i t a t i o n s .  - This type of p r e s s u r e  t r ansducer  
covers  a range of 0 t o  0.1 p s i  t o  0 t o  10 000 p s i .  They a r e  
rugged,  have no moving p a r t s ,  b u t  a r e  r e l a t i v e l y  l a r g e  and heavy. 

Development s t a t u s .  - P r e s s u r e  t r a n s d u c e r s  of the  v a r i a b l e  re-  
l u c t a n c e  type a r e  r e a d i l y  a v a i l a b l e  as  o f f  - t h e - s h e l f  i tems from 
s e v e r a l  vendors  i n c l u d i n g  Pace Engineer ing Company and Bourns, I n c .  
Some r e d e s i g n  w i l l  be r e q u i r e d .  

Potent iometer  Diaphragm Transducers 

This f a m i l y  of p r e s s u r e  t r a n s d u c e r s  o p e r a t e s  through t h e  d e-  
f l e c t i o n  of a diaphragm, p r e s s u r i z e d  c a p s u l e ,  o r  bourdon tube  on 
the  a p p l i c a t i o n  of p r e s s u r e .  This  d e f l e c t i o n  mechanical ly  o p e r -  
a t e s  the  wiper  of a wire-wound o r  carbon f i l m  r e s i s t i v e  e lement .  

P h y s i c a l  c h a r a c t e r i s  t i c s .  - Transducers us ing  a bourdon tube 
s e n s i n g  element such as the Bourns, I n c .  Model 737 weigh about  4 
oz and are 1 i n .  i n  d iameter  and 2.75 i n .  long .  Transducers u s i n g  
a bellows o r  capsu le  s e n s i n g  element a r e  s u b s t a n t i a l l y  l a r g e r ,  
such as t h e  Computer Ins t ruments  Corpora t ion  Model 4000 weighing 
1 .0  l b  and having a dimensional  envelope of 2x2x3.5 i n .  

Opera t iona l  c h a r a c t e r i s i t i c s .  - No e l e c t r i c a l  power i s  r e -  
q u i r e d  o t h e r  than  a c  o r  dc e x c i t a t i o n  v o l t a g e  and should n o t  e x-  
ceed 0.25 W .  

The t r a n s d u c e r  w i l l  produce an analog v o l t a g e  o u t p u t  depend- 
i n g  on the po ten t iomete r  e x c i t a t i o n  employed. Voltage d i v i d e r  c i r -  
c u i t r y  i n t e r n a l  t o  t h e  ins t rument  can be o b t a i n e d  i f  r e q u i r e d .  
Output v o l t a g e  convers ion  t o  a 7 - b i t  d i g i t a l  format would occur  
e x t e r n a l  t o  the  ins t rument .  

An o p e r a t i n g  thermal environment of -55 t o  85°C i s  r e q u i r e d  
f o r  t h i s  type of t r a n s d u c e r .  

No deployment i s  necessa ry  o t h e r  than p rov id ing  t h e  sensor  
d i r e c t  a c c e s s  t o  the  atmosphere.  

O p e r a t i o n a l  l i m i t a t i o n s .  - P o t e n t i o m e t r i c  p r e s s u r e  t r a n s d u c e r s  
a r e  a v a i l a b l e  f o r  ranges  of 0 t o  0.3 p s i  t o  0 t o  10 000 p s i .  The 
e l i m i n a t i o n  o r  improvement i n  po ten t iomete r  wiper l i n k a g e s  has  
g r e a t l y  i n c r e a s e d  the  ruggedness and accuracy of t h e s e  dev ices  i n  
f l i g h t  v i b r a t i o n  and a c c e l e r a t i o n  environments.  Also ,  development 
of carbon f i l m  resis t ive e lements  has provided inc reased  s e n s i t i v -  
i t y  ( r e s o l u t i o n )  over  the  o l d e r  wi re  -wound po ten t iomete r s .  
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Development s t a t u s .  - This fami ly  of p r e s s u r e  t r a n s d u c e r s  i s  
h i g h l y  developed w i t h  a long  h i s t o r y  of v a r i e d  f l i g h t  a p p l i c a t i o n s .  
S u p p l i e r s  such  as Computer In s t rumen t s  Corpora t ion  and Bourns, I n c . ,  
can f u r n i s h  a wide s e l e c t i o n  of  t hese  in s t rumen t s  from e x i s t i n g  
s t o c k .  

Semiconductor S t r a i n  Gage Transducers  

Semiconductor s t r a i n  gage p r e s s u r e  senso r s  u se  t h e  p i e z o r e s i s -  
t i v e  e f f e c t  (change i n  e lec t r ica l  r e s i s t i v i t y  w i t h  s t r a i n )  of cer-  
t a i n  semiconductor  m a t e r i a l s  such as s i l i c o n  c r y s t a l s .  The d e f o r-  
mation of a diaphragm under p r e s s u r e  i s  used t o  s t r a i n  s i n g l e  o r  
m u l t i p l e  semiconductor  e lements .  The consequent  change i n  r e s i s t -  
ance of t h e s e  e lements  when a r r anged  i n  a b r i d g e  c i r c u i t  i s  sensed  
as a d i r e c t  f u n c t i o n  of  p r e s s u r e .  The semiconductor  s t r a i n  gages 
may b e  bonded d i r e c t l y  t o  t h e  diaphragm o r  mounted a p a r t  (unbonded) 
from t h e  diaphragm. The Rosemount Engineer ing  Company Model 810G 
i s  a t r ansduce r  u s i n g  a c y l i n d r i c a l  s i l i c o n  c r y s t a l  s t r u c t u r e  hav- 
i n g  f o u r  r e s i s t i v e  pa ths  and bonded t o  a s t a i n l e s s  s t ee l  membrane. 
P r e s s u r e  a c t i n g  on t h e  membrane s t r a i n s  t h e  semiconductor ,  and 
e l e c t r i c a l  b r i d g e  unbalance i s  monitored.  The Servonics  I n s t r u -  
ment,  I n c . ,  Model 3508 t r a n s d u c e r  u ses  fou r  semiconductor  gages 
mounted on a s p r i n g  remote from t h e  s e n s i n g  diaphragm. D e f l e c t i o n  
of t h e  diaphragm under p r e s s u r e  i s  t r a n s f e r r e d  t o  t h e  s p r i n g  by a 
push rod .  The gages are a r r anged  i n  a b r i d g e ,  and t h e i r  r e s i s t i v e  
changes a re  monitored as b r i d g e  unbalance.  

P h y s i c a l  c h a r a c t e r i s t i c s .  - The Rosemount Engineer ing  Company 
Model 810G t r ansduce r  weighs 5 oz and i s  1 i n .  i n  d iameter  and 3 
i n .  l o n g .  

Opera t iona l  c h a r a c t e r i s t i c s .  - Typica l  e x c i t a t i o n  v o l t a g e s  f o r  
s t r a i n  gage t r a n s d u c e r s  would be 5 ,  1 0 ,  o r  28 Vdc. 

Analog o u t p u t  v o l t a g e  depends on e x c i t a t i o n  v o l t a g e .  Output 
up t o  5 Vdc can  be achieved  wi th  25  Vdc e x c i t a t i o n .  

The o p e r a t i n g  tempera ture  range f o r  s t r a i n  gage t r ansduce r s  
i s  about  -30 t o  +75OC. 

No deployment i s  n e c e s s a r y  o t h e r  t han  p rov id ing  t h e  senso r  
d i r e c t  a c c e s s  t o  t he  atmosphere.  
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Opera t iona l  l i m i t a t i o n s .  - S t r a i n  gage t r a n s d u c e r s  cover  p r e s -  
s u r e  ranges  from 0 t o  5 p s i  t o  0 t o  10 000 p s i .  

Development s t a t u s .  - A l a r g e  v a r i e t y  of f l i g h t w o r t h y  semicon- 
d u c t o r  s t r a i n  gage p r e s s u r e  t r a n s d u c e r s  are a v a i l a b l e  from s t o c k  
throughout  t h e  i n d u s t r y .  

V i b r a t i n g  Diaphragm Transducer 

The v i b r a t i n g  diaphragm t r a n s d u c e r  measures p r e s s u r e  by sens-  
i n g  t h e  damping e f f e c t  of t h e  gas on t h e  v i b r a t i o n  of a t h i n  metal 
diaphragm. The diaphragm i s  mounted under r a d i a l  t e n s i o n  between 
two c l o s e l y  spaced,  i n s u l a t e d  m e t a l  p l a t e s .  One p l a t e  ( t h e  f o r c -  
i n g  p l a t e )  i s  e n e r g i z e d  by a dc p o t e n t i a l  and an a c  v o l t a g e  from 
a n  e l e c t r o n i c  o s c i l l a t o r  se t  a t  t h e  mechanical  r e s o n a n t  f requency 
of t h e  t ens ioned  diaphragm. The diaphragm i s  thus  d r i v e n  t o  v i -  
b r a t e  synchronously  w i t h  t h e  e l e c t r o s t a t i c  f o r c i n g  f u n c t i o n .  The 
diaphragm’s v i b r a t i o n  causes  a cor respond ing  p e r i o d i c  v i b r a t i o n  
i n  t h e  c a p a c i t y  between t h e  diaphragm and t h e  o t h e r  p l a t e  ( t h e  
s e n s i n g  p l a t e ) .  This  c a p a c i t a n c e  can b e  d e t e c t e d  and i n d i c a t e s  
t h e  ampl i tude  of v i b r a t i o n .  S ince  t h e  power r e q u i r e d  f o r  a g iven 
ampl i tude  of v i b r a t i o n  i s  a f u n c t i o n  of t h e  damping on t h e  d i a -  
phragm, which i n  t u r n  i s  a f u n c t i o n  of t h e  gas p r e s s u r e ,  t h e  power 
can  be monitored as an i n d i c a t i o n  of t h e  p r e s s u r e .  

P h y s i c a l  c h a r a c t e r i s t i c s .  - V i b r a t i n g  diaphragm t r a n s d u c e r s  as 
p r e s e n t l y  c o n s t r u c t e d  a t  NASA, A m e s  Research C e n t e r ,  are abou t  
0.8 i n .  i n  d iameter  and 0.6 i n .  long .  These dimensions do n o t  i n -  
c l u d e  t h e  a s s o c i a t e d  e l e c t r o n i c s .  

Opera t iona l  l i m i t a t i o n s .  - This t r a n s d u c e r  i s  des igned f o r  

p r e s s u r e  measurements i n  the  range of t o  10 mmHg w i t h  an  
accuracy of 1% over  most of t h e  range.  

3 

Development s t a t u s .  - A t  p r e s e n t ,  e v a l u a t i o n  tests  of the  v i -  
b r a t i n g  diaphragm t r a n s d u c e r  have been conducted  a t  N o r t r o n i c s  
D i v i s i o n  of Nor throp Gorp. and a t  Ames. Approximately 50 u n i t s  
have been b u i l t  a t  Ames f o r  use  i n  NASA wind tunne l  a p p l i c a t i o n s .  
Although s u c c e s s f u l  r e s u l t s  have been o b t a i n e d ,  many d e s i g n  and 
f a b r i c a t i o n  problems i n  t h e  t r ansducer  and s u p p o r t  e l e c t r o n i c s  
r e q u i r e  f u r t h e r  development. Development of t h i s  d e v i c e  f o r  
space a p p l i c a t i o n  appears  f e a s i b l e  where low p r e s s u r e s  are  t o  be 
measured over  wide r a n g e s .  
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Thermal Conduc t iv i ty  Transducers 

Th i s  ca tegory  of p r e s s u r e  sens ing  ins t ruments  u s e s  the  f a c t  
t h a t  h e a t  c o n d u c t i v i t y  of a gas a t  low p r e s s u r e s  v a r i e s  d i r e c t l y  
and l i n e a r l y  w i t h  the  p r e s s u r e .  The Hast ing-Raydis t ,  Inc  . , Type 
D- 7  probe i s  an example of a t r ansducer  employing t h i s  p r i n c i p l e .  
Two Noble metal  thermocouples a r e  connected i n  s e r i e s  bucking and 
heated  w i t h  an a l t e r n a t i n g  c u r r e n t .  The dc o u t p u t  of the  couples  
i s  e s t a b l i s h e d  a t  a g iven  r e f e r e n c e  p r e s s u r e  of t h e  gas i n  which 
they a r e  exposed. A s  the  gas p r e s s u r e  changes,  the  thermocouple 
c i r c u i t  dc o u t p u t  v a r i e s .  The system can be a c c u r a t e l y  c a l i b r a t e d  
and ambient temperature  v a r i a t i o n  compensated by the  a d d i t i o n  of a 
t h i r d ,  unheated thermocouple i n t o  the  c i r c u i t .  

Phys ica l  d e s c r i p t i o n .  - A s  i n  t h e  c a s e  of the  Hast ing-Raydis t ,  
I n c . ,  Type D- 7  s e n s o r ,  the  thermocouple elements can  be ar ranged 
i n  a t u b u l a r  probe of 0.375 i n .  i n  d iameter  and about  6 i n .  long .  
The a s s o c i a t e d  e l e c t r o n i c s  (ac source  and dc a m p l i f i e r )  can be 
mounted remotely .  

Development s t a t u s .  - An e x t e n s i v e  h i s t o r y  e x i s t s  of develop-  
ment and a p p l i c a t i o n  o f  p r e s s u r e  s e n s o r s  employing thermal con-  
d u c t i v i t y  p r i n c i p l e s .  P i r a n i  and thermocouple gages a r e  used f r e -  
q u e n t l y  i n  i n d u s t r i a l  and l a b o r a t o r y  a p p l i c a t i o n s  f o r  p r e s s u r e  

measurements i n  t h e  range of 10 t o  10  rnmHg. The problems and 
l i m i t a t i o n s  of t h e s e  dev ices  a r e  w e l l  unders tood.  The develop-  
ment of a thermocouple gage f o r  space p r e s s u r e  measurements i n  
the  range c i t e d  seems q u i t e  f e a s i b l e .  

-4 3 

Table 18 i s  a p r e s s u r e  sensor  comparison mat r ix .  

Typ ica l  P r e s s u r e  Sensor 

Since  t h i s  s tudy i s  one of  f e a s i b i l i t y ,  and s i n c e  t h e r e  i s  
such a wide v a r i e t y  of p r e s s u r e  s e n s o r s  t h a t  cou ld  be adapted f o r  
use on a BVS, a " t y p i c a l"  p r e s s u r e  sensor  was de f ined :  

Weight .5  l b  

Power .1 w 
S ize  1 i n .  diam, 1 i n .  long (body) 

2 x 1 ~ 1  i n .  ( e l e c t r o n i c s )  
p l u s  i n l e t  tube and wires 

This t y p i c a l  sensor  i s  n o n e x i s t e n t ;  however, t h e r e  should  be 
no problems i n  developing i t .  
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ATMOSPHERIC TEMPERATURE 

OBJECTIVES 

It i s  t h e  o b j e c t i v e  of t h i s  experiment  t o  measure t h e  Cytherean 
a tmospher ic  tempera ture  as  a f u n c t i o n  of a l t i t u d e ,  l o c a t i o n ,  and 
t i m e  i n  c o n j u n c t i o n  w i t h  s imul taneous  measurements of t h e  p r e s s u r e ,  
d e n s i t y ,  and composi t ion.  Remote o b s e r v a t i o n  of microwave e m i s -  
s i o n s  from Venus h a s  r e s u l t e d  i n  s e v e r a l  t empera tu re  models f o r  
t h e  s u r f a c e .  I n f r a r e d  rad iometry  and thermal  mapping of Venus 
from E a r t h  and Mariner  I1 has  provided d a t a  from which a tmospher ic  
tempera ture  p r o f i l e s  could  be  i n f e r r e d .  The o v e r a l l  t empera ture  
extremes i n  t h e s e  models ark 235 t o  7 5 0 ° K  from c loud t o p  t o  s u r -  
f a c e .  Direct tempera ture  s e n s o r s  c a r r i e d  on t h e  buoyant s t a t i o n  
o r  i n  a d rop  sonde should  cover  a range of 200 t o  800'K. 
developed p la t inum r e s i s t a n c e  thermometer s e n s o r s  a re  adequa te  t o  
d i r e c t l y  measure tempera ture  over  t h i s  range i n  a n  atmosphere s u f -  
f i c i e n t l y  dense  t o  suppor t  t h e  buoyant s t a t i o n .  S ince  a l l  s t a t i o n  
o r  sonde v e l o c i t i e s  a r e  a n t i c i p a t e d  t o  be  subsonic  d u r i n g  measure-  
ment,  no s p e c i a l  P i t o t  o r  o t h e r  d e v i c e s  w i l l  be necessa ry .  

P r e s e n t l y  

EXPERIMENTS / INSTRUMENTS 

Pla t inum Res i s t ance  Thermometers 

P la t inum r e s i s t a n c e  thermometers c o n t a i n  a c o i l  of pure ,  an-  
nea led  p la t inum wire wound and suppor ted  so i t  i s  n o t  s u b j e c t e d  
t o  mechanical  s t r a i n  caused by d i f f e r e n t i a l  thermal  expans ion .  
P la t inum r e s i s t a n c e  d e v i c e s  have t h e i r  optimum o p e r a t i n g  range  
ove r  100 t o  8 0 0 ° K  and a re  g e n e r a l l y  s u p e r i o r  over  t h i s  range  t o  
o t h e r  tempera ture  s e n s i n g  d e v i c e s .  The Rosemount Engineer ing  
Company Model 1 7 7  s e n s o r  i s  t y p i c a l  o f  such a n  in s t rumen t  des igned 
f o r  s p a c e f l i g h t  u se  and connect ion  t o  a telemeter. The f o u r -  
element  b r i d g e ,  of which t h e  p la t inum r e s i s t a n c e  senso r  forms one 
l e g ,  t o g e t h e r  w i t h  a r e g u l a t e d  power supply are packaged w i t h  t h e  
s e n s o r  i n  a s i n g l e  u n i t .  To o b t a i n  h e a t  accu racy  over  t h e  d e s i r e d  
r ange ,  two ins t rumen t s  can  be used w i t h  ranges  of 100 t o  4 5 0 ° K  and 
400 t o  8 0 0 ° K .  
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Phys i ca l  c h a r a c t e r i s t i c s .  - The Rosemount Model 1 7 7  as  packaged 
would n o t  be s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  Because o f  t h e  t e m -  
p e r a t u r e  environment a n t i c i p a t e d ,  t h e  b r i d g e  and v o l t a g e  r e g u l a t i o n  
c i r c u i t r y  would r e q u i r e  repackaging  and i n s t a l l a t i o n  i n  a t h e r m a l l y  
c o n t r o l l e d  environment s e p a r a t e  from t h e  deployed s e n s i n g  e lement .  
The p l a t inum senso r  element  i s  ext remely  s m a l l  and l i g h t ,  abou t  
1 02, 0 . 1  i n .  d i ame te r ,  and 0 . 1  i n .  long .  The weight  and s i z e  of 
t h e  r e q u i r e d  hous ing  and deployment d e v i c e  are n o t  i nc luded  i n  
t h e s e  numbers. The s e p a r a t e l y  packaged c i r c u i t r y  would weigh 
about  0.15 l b  and occupy a volume of 1 x 1 ~ 2  i n .  Housing f o r  t h e  
s e n s o r  element  might weigh abou t  0 . 1  l b .  

Opera t iona l  r equ i r emen t s .  - The ins t rumen t  r e q u i r e s  28 Vdc a t  
0 . 2  W of power. Some warmup t i m e  i s  r e q u i r e d  t o  a l l o w  t h e  j o u l e  
h e a t i n g  of t h e  p l a t inum element  t o  come t o  e q u i l i b r i u m .  

The o u t p u t  of t h e  in s t rumen t  i s  0 t o  5 Vdc ana log .  Conversion 
t o  d i g i t a l  form would occur  e x t e r n a l  t o  t h e  in s t rumen t  w i t h  a 
7 - b i t  d a t a  word p rov id ing  s u f f i c i e n t  accu racy .  

The c i r c u i t r y  e l e c t r o n i c s  o p e r a t e  i n  a t empera tu re  range  of  
-25 t o  +85OC. 

The senso r  element  w i l l  r e q u i r e  deployment away from t h e  atmos- 
phere  hea t ed  o r  cooled  by t h e  s t a t i o n .  Means must be t aken  t o  
s h i e l d  t h e  s e n s i n g  element  from s o l a r  r a d i a t i o n .  

Opera t iona l  l i m i t a t i o n s .  - The two s e n s o r s  have ove r l app ing  
ranges  of 100 t o  450°K and 400 t o  800°K. 
t h e s e  range l i m i t s  w i l l  n o t  harm t h e  s e n s o r s .  With proper  b r i d g e  
c i r c u i t  d e s i g n  and v o l t a g e  r e g u l a t i o n ,  t h e  p la t inum element  gage 
f a c t o r  over  t h e  r anges  s e l e c t e d  w i l l  r e s u l t  i n  a n  accu racy  of 21% 
of f u l l  scale where a 7 - b i t  d a t a  word i s  used.  T h i s  accu racy  i s  
s u f f i c i e n t  t o  s a t i s f y  o b j e c t i v e s .  The e f f o r t s  of  s o l a r  r a d i a t i o n  
and thermal  wash from t h e  s t a t i o n  a r e  p o s s i b l e  s o u r c e s  o f  e r r o r ,  
and proper  deployment and s h i e l d i n g  must be cons ide red .  E f f e c t s  
of s o l a r  r a d i a t i o n  a re  minimized by t h e  low thermal  mass and t h e  
h i g h  r e f l e c t i v i t y  of  t h e  s e n s o r .  

Temperatures beyond 

Development s t a t u s .  - The t empera tu re  sens ing  system d i s c u s s e d  
above i s  w e l l  w i t h i n  t h e  s t a t e  of  t h e  a r t .  The o n l y  development 
e f f o r t  a n t i c i p a t e d  would be i n  t h e  realm of s enso r  r a d i a t i o n  
s h i e l d i n g  and  deployment. 
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A s imi lar  senso r  was developed s e v e r a l  y e a r s  ago by REC f o r  
NASA-Goddard as  a c a n d i d a t e  f o r  u se  i n  a Mar t ian  l a n d e r .  The i n -  
s t rument  w a s  a g a i n  proposed by Ainsworth and Reber a t  GSFC f o r  
u se  on a Mar t ian  e n t r y  v e h i c l e  i n  November 1965. P re sen t  s t a t u s  
i s  unknown, but  no major problems i n  redevelopment f o r  u se  on 
Venus a re  f o r e s e e n .  

Thermis tors  

Thermis tor  tempera ture  sens ing  d e v i c e s  a r e  b e s t  a p p l i e d  ove r  
a range of about  400 t o  700"K, a l though  t h e i r  c o n s i d e r a t i o n  f o r  
u se  ove r  100 t o  800°K i s  c e r t a i n l y  f e a s i b l e .  The i n v e r s e  tempera-  
t u r e  r e s i s t a n c e  c h a r a c t e r i s t i c s  of  t h e r m i s t o r s  and o t h e r  semicon- 
d u c t o r  tempera ture  s e n s o r s  i s  such a s  t o  make use  of t h e s e  d e v i c e s  
over  l a r g e  tempera ture  ranges  i m p r a c t i c a l .  One s e c t i o n  o f  t h e  
c h a r a c t e r i s t i c  d i s p l a y s  a l a r g e ,  l i n e a r  gage f a c t o r  dR/dt f o r  a 
small tempera ture  increment ,  whereas t h e  knee of t h e  c h a r a c t e r -  
i s t i c  has  a n o n l i n e a r  shape r e q u i r i n g  many c a l i b r a t i o n  p o i n t s  
over  a more extended tempera ture  range .  These dev ices  a r e  ad-  
vantageous because of t h e i r  smal l  s i z e ,  low t i m e  c o n s t a n t ,  and 
l a r g e  gage f a c t o r s  over  small tempera ture  r anges .  To cover  t h e  
range  o f  i n t e r e s t  i n  measuring t h e  Cytherean a tmospher ic  tempera- 
t u r e ,  probably a s  many as  seven t h e r m i s t o r s  would be necessa ry .  

Phys i ca l  c h a r a c t e r i s t i c s .  - The s i z e  and weight  of  t h e r m i s t o r  
e lements  f o r  t h i s  a p p l i c a t i o n  would be n e g l i g i b l e  s i n c e  t h e y  are 
p r e s e n t l y  a v a i l a b l e  from i n d u s t r y  (Vic tory  Engineer ing ,  General  
E lec t r i c ,  e t c . )  i n  b a r e l y  v i s i b l e  s i z e s .  The remote ly  l o c a t e d  
c i r c u i t r y  f o r  t h e  s e n s o r s  c o n s i s t i n g  of b r i d g e  c i r c u i t  and e x c i -  
t a t i o n  v o l t a g e  r e g u l a t i o n  c i r c u i t s  would weigh 1 l b  and occupy a 
volume of 1 x 2 ~ 2  i n .  

Opera t iona l  c h a r a c t e r i s t i c s .  - Thermistor  tempera ture  measure- 
ment systems f o r  t h i s  a p p l i c a t i o n  should  o p e r a t e  on 10 o r  28  Vdc 
a t  about  0 .2  W of power. 

The ou tpu t  of each  t h e r m i s t o r  measurement i s  0 t o  5 Vdc ana log  
w i t h  e x t e r n a l  ana log  t o  d i g i t a l  convers ion .  A 7- b i t  d a t a  word 
accu racy  would be s u f f i c i e n t .  

The senso r s  would r e q u i r e  deployment beyond t h e  thermal  e f f e c t  
of t h e  s t a t i o n .  Some p r o t e c t i o n  from s o l a r  r a d i a t i o n  would prob- 
a b l y  be necessa ry .  
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The circuitry associated with the remotely located sensors 
requires thermal control within -25 to +85OC. 

Operational limitations. - Because of their temperature re- 
sistance characteristic, the application of thermistors could be 
limited to the range of 275 to 325OKwith other sensors such as 
platinum resistance thermometers and thermocouples being used for 
other portions of the overall atmospheric temperature range. 

Development status. - No significant develop problems are 
foreseen. Some development effort would be required in sensor 
deployment and shielding techniques. 

Thermocouples 

The use of thermocouples for temperature measurement has cer- 
tain advantages over other devices where the temperature-sensitive 
zone must be small, the temperatures are relatively high, and the 
installation requires flexibility. All of these requirements 
could be imposed by the Venusian atmospheric temperature measure- 
ment task. Thermocouples would be an optimum temperature sensing 
approach for the 800 to 1000°K temperatures that might be en- 
countered by a sonde at the Venusian surface. Thermocouples, of 
course, require reference junction temperature compensation and 
amplification of output signal. Over the past several years, the 
development of RV compensation using thermistors in bridge cir- 
cuits rather than the older fixed temperature oven approach has 
resulted in more reliable, smaller, and lighter thermocouple sys- 
tem circuitry for spaceflight applications. 

Physical characteristics. - The size and weight of the thermo- 
couple would be negligible. The remotely located circuit elec- 
tronics for a thermocouple would weigh about 4 o z  and occupy a 
volume of 1 x 2 ~ 2  in. 

Operational characteristics. - The thermocouple measurement 
system would operate from a 28 Vdc supply and require 0.25 W of 
power. 

The output of the thermocouple system will be 0 to 5 Vdc ana- 
log. Analog to digital conversion will occur external to the 
system, and 7-bit data words will provide sufficient accuracy. 

The remotely located electronics will require a thermal en- 
vironment of 0 to 50°C. 
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The thermocouple must be deployed a sufficient distance beyond 
the thermal wash of the station. 

Operational limitations. - Thermocouples could be satisfac- 
Two thermo- torily used over the entire range of 100 to SOO'K. 

couple systems would provide optimum coverage. One system would 
employ copper-constantan from LOO to 600°K. The other system 
would be chromel-alumel from 500 to 800°K. 

Development status. - A deployment technique for the sensors 
would require development effort. No development problems are 
ant ic i pa t ed . 

SURFACE TEMPERATURE 

OBJECTIVES 

The present controversy and the importance of surface tempera- 
ture to theoretical models of Venus and to the possibility of life 
makes its measurement a requirement for any Venus mission. Pri- 
mary consideration should be given to measurements at the subsolar 
and antisolar points and a pole. Secondary objectives would be 
to measure the large- and small-scale horizontal variations and 
to search for cool spots (e.g., high mountain peaks). 

EXPERIMENTS / INSTRUMENTS 

There are several methods of determining the surface tempera- 
ture from a BVS. The most straightforward way would be to extrap- 
olate the atmospheric temperature measured from a drop sonde, or 
perhaps measure the atmospheric temperature at the surface from 
a parachute-landed drop sonde. However, a large number of sondes 
would be required to determine the horizontal variations by this 
method. 

3 
J 

Another method would use an IR radiometer on a drop sonde that 
has penetrated the base of the cloud layer, if the cloud layer 
does not extend to the surface. This method also gives only local 
temperatures unless many sondes are used. 
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Weight 

Power 

Size 

Data 

A microwave radiometer (2 cm ,< A ,< 10 cm) on the BVS could 
measure the brightness temperature and thus infer the surface 
temperature and the horizontal variations. However, the inter- 
pretation of the observations is subject to the same ambiguities 
as the Earth-based microwave measurements because of the uncer- 
tainty in the origin of the microwave emission. 

5 lb 

3 W at 2400 cps 

7 ~ 5 . 5 ~ 3  in. 

10-bit samples, 600 bitlmeasurement 

Thus, to measure both the absolute surface temperature and 
the horizontal variations, several experiments are necessary. 
It is proposed that all three experiments mentioned above be 
used -- temperature sensors and Ill radiometers on drop sondes 
and a microwave radiometer on the BVS. A simple microwave radi- 
ometer on a drop sonde would be a valuable experiment to differ- 
entiate between the microwave emission from the surface and that 
which may originate in the lower atmosphere or clouds. 

Infrared Radiometer 

An IR radiometer operating in an atmospheric window should 
provide a good indication of the surface temperature once the 
drop sonde has penetrated the cloud layer and o f  the cloud tem- 
perature while in the layer. 

The radiometer would be similar to the Mariner I1 instrument 
(ref. 85). It is estimated that such a radiometer could be de- 
signed to weigh less than about 2 lb with a power requirement of 
less than 2 W. No development work on such an instrument has 
been done. 
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Microwave Radiometer/Surface Imager 

The Mariner I1 microwave radiometer (ref. 86) is representa- 
tive of this type of instrument. The instrument used on the BVS 
would be electronically scanned to give a thermal map of the sur- 
face. The development status of this instrument is not known but 
estimated characteristics (refs. 87 and 88) are tabulated below. 

Wavelength 

Weight 

Power 

Size 

3 cm 

25 lb 

10 W average 
3 ft by 3 ft by 2 in.2 antenna 
1 ft by 1 ft by 9 in. electronics 

The antenna size given above corresponds to a radiometer for 
use on a flyby vehicle. Since the BVS will be much closer to 
the surface, a much smaller antenna (e.g., 1 ft by 1 ft by 2 in.) 
can be used to get the same resolution. 

ATMOSPHERIC DENSITY 

OBJECTIVES 

The determination of the atmospheric density profile is of 
importance to the optimization of entry vehicle design. If the 
mean molecular weight is known, the density can be obtained from 
measurements of pressure and temperature. However, independent 
measurement of the density is to be preferred. 

Acoustic Transmission Line Densitometer 

An acoustic transmission line densitometer has been developed 
for measurements on Mars (refs. 89 and 90). With minor modifica- 
tions, such as reduction of the microphone spacing to accommodate 
a wider dynamic range, this acoustic transmission line densitometer 
can be used to determine the Cytherean atmospheric density p, 
molecular weight M, and the specific heat ratio y = Cp/Cv. 

The velocity of sound in a gas is given by, 

- 
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where R i s  t h e  gas  c o n s t a n t  and  T i s  t h e  a b s o l u t e  gas  temper- 
a t u r e .  I n  t h e  a c o u s t i c  t r a n s m i s s i o n  l i n e  dens i tome te r ,  t h e  ab-  
s o l u t e  tempera ture  T i s  known and t h e  v e l o c i t y  of  sound i s  meas- 
u r e d  wLth two microphones which are a f i x e d  d i s t a n c e  a p a r t .  
f o r e ,  M/y can be  determined.  
ment,  t h e  a c o u s t i c a l  impedance 

measured i n  t h e  tes t  t u b e .  This  y i e l d s  t h e  d e n s i t y  p = Z / C  i n  

t h e  tube  of t h e  dens i tome te r .  I f  t h e  a b s o l u t e  t ube  tempera ture  
T1 and t h e  a b s o l u t e  ambient  tempera ture  T2 are  known, t h e n  w e  

can de termine  t h e  ambient d e n s i t y ,  

There-  
During t h e  sound v e l o c i t y  measure- 

of t h e  gas  w i l l  a l s o  be Z = plC 

1 

Knowing d e n s i t y  and tempera ture  of t h e  ambient  gas ,  and app ly ing  
t h e  gas  l a w ,  t h e  mean molecular  mass can  be de termined,  

ZT2R - PRT M = - = -  
P CP 

- 
Because M/y has  been ob ta ined  from t h e  sound v e l o c i t y  measure- 

ment,  t h e  mean s p e c i f i c  h e a t  r a t i o ,  y = C , can now be 
de termined.  

The proposed t echn ique  i s  t o  measure t h e  v e l o c i t y  of sound 
through t h e  g a s  s p i r a l  t ube  about  2 m long and 1 c m  i n  d i ame te r .  
For ease i n  i l l u s t r a t i o n ,  f i g u r e  2 4  shows a l i n e a r  arrangement  of  
t h i s  t ube .  A t  one end of t h e  tube ,  a g e n e r a t o r  d r i v e s  a small 
s o n i c  t r a n s d u c e r  a t  a c o n s t a n t  f requency of  about  4 kc .  Two iden-  
t i c a l  condenser  microphones a re  placed a l o n g  t h e  tube  w i t h  a nom- 
i n a l  4 wavelength s e p a r a t i o n .  Both microphones r e s o n a t e  above 10 
kc and form p a r t  of t h e  w a l l  o f  t h e  t u b e .  The t e s t  t ube  i s  ex- 
tended beyond t h e  second microphone and i s  a c o u s t i c a l l y  t e rmina ted  
by damping material and rough w a l l  s u r f a c e s  t o  avoid  r e f l e c t i o n s  
and  s t a n d i n g  waves i n  t h e  tube .  S ince  t h e  two microphones and 
t h e i r  a m p l i f i e r s  are i d e n t i c a l ,  t h e i r  phase s h i f t s  cance l  each  
o t h e r .  The phase s h i f t  as  measured by t h e  phase comparator i s  
de termined o n l y  by t h e  wavelength of sound i n  t h e  medium and,  
s i n c e  t h e  g e n e r a t o r  f requency i s  c o n s t a n t ,  by t h e  v e l o c i t y  of  
sound i n  t h e  g a s .  
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I I 
I \1 

Transducer  Test tube  

Microphone 1' Microphone 2 t c 

pC 

C 

F igu re  24.  - Block Diagram of t.,e Acous t ic  Exper- sent  ( r e f .  90) 

I n  a d d i t i o n  t o  t h e  d e t e r m i n a t i o n  of t h e  speed of sound, t h e  
in s t rumen t  i s  c a p a b l e  of  measuring t h e  d e n s i t y  of t h e  g a s  i n  t h e  
t u b e .  The mechanical  and e l e c t r i c a l  impedance o f  t h e  sound gen- 
e r a t o r  a re  chosen so  t h a t  t h e  v e l o c i t y  of t h e  diaphragm i s  e s sen-  
t i a l l y  independent  of t h e  a c o u s t i c  r a d i a t i o n  impedance of  t h e  tube .  
Under t h e s e  c o n d i t i o n s  t h e  sound p r e s s u r e  developed i n  t h e  a i r  
con ta ined  i n  t h e  tube  i s  p r o p o r t i o n a l  t o  t h e  a c o u s t i c a l  impedance. 
S i n c e  t h e  microphone used responds t o  sound p r e s s u r e ,  t h e  elec-  
t r i c a l  s i g n a l  gene ra t ed  by t h e  microphone i s  p r o p o r t i o n a l  t o  t h e  
a c o u s t i c  impedance of t h e  gaseous medium. T h i s  c o n s t a n t  of  pro-  
p o r t i o n a l i t y ,  which a l s o  c o n t a i n s  t h e  t r a n s d u c e r  s e n s i t i v i t y ,  can 
e a s i l y  be determined by c a l i b r a t i o n  i n  a n  N 2  atmosphere ove r  a 
nominal p r e s s u r e  range .  

P h y s i c a l  c h a r a c t e r i s t i c s .  - The in s t rumen t  is  e s t i m a t e d  t o  
weigh 3 l b .  I n  i t s  p r e s e n t  form, t h e  dimensions are about  10 i n .  
i n  d i ame te r  and 2 .5  t o  3 i n .  t h i c k ,  i n c l u d i n g  e l e c t r o n i c s .  

Opera t iona l  requi rements  and l i m i t a t i o n s .  - E l e c t r i c a l  power 
a t  4 W i s  r e q u i r e d  f o r  i n s t rumen t  o p e r a t i o n .  The g a s  tempera ture  
i n  t h e  t e s t  tube  must be measured o r  t h e  tes t  tube  must be t e m -  
p e r a t u r e  c o n t r o l l e d .  The a n t i c i p a t e d  tempera ture  range  i s  -65 t o  
+125'C. Good gas  conduct ion  between t h e  sampling tube  and t h e  
ambient  atmosphere i s  r e q u i r e d .  The sampled g a s  should  n o t  be 
contaminated ( a b l a t i o n  p roduc t s ,  o u t g a s s i n g ,  e t c . ) ,  and t h e  s a m-  
p l i n g  p o r t  must be a r r anged  so  t h a t  t h e  e f f e c t  of dynamic p re s-  
s u r e s  on t h e  t e s t  tube  p r e s s u r e  i s  n e g l i g i b l e .  

i 
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Weight, lb 

Development status. - The instrument has been developed to 
the breadboard stage at NASA-Goddard under the direction of Dr. 
R. A. Hanel. Construction of  a flight prototype should present 
no problem. 

.s 5 10 

Other Densitometers 

Power, W 
Volume, cu in. 

There are several other types of densitometers that rely on 
the absorption or scattering of radiation (beta, gamma, and X-ray) 
by the atmosphere. These types are advantageous for use on high- 
speed entry vehicles. The use of  an RTG power source on the BVS 
would complicate the interpretation of data from these densi- 
tometers. Three typical instruments are summarized in table 19. 

.2 5 25 

15 100 3(. i 

TABLE 1 9 .  - RADIATION SCATTER DENSITOMETERS 
I Type Beta Gamma X-ray 

ATMOSPHERIC COMPOS ITION 

OBJECTIVES 

A knowledge of the atmospheric composition is of prime im- 
portance to an understanding of the meteorology, the evolution, 
and the physical and chemical processes of the atmosphere; to the 
surface composition; to the possibility of life; and to the de- 
sign of future entry vehicles. At present, 602, CO, HCR, HF, and 
b 0  have been identified spectroscopically as constituents of the 
atmosphere above the clouds. Nothing is known of the composition 
below the clouds although it is clear that C02 must be a major 
constituent. Spectroscopic searches for N20, CH4, C2H4, C2H6, 

and NH 3 
N 2 0 4 ,  and (C302), is disputed. Estimates of the amounts of gases 

above the clouds are very uncertain, and the identity of the major 

have been unsuccessful, and identification of 0 2’ NO2’ 
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f r a c t i o n  of t h e  atmosphere i s  unknown. Based on cosmic abundance 
arguments and t e r res t r i a l  ana logy,  n i t r o g e n  i s  thought  t o  be t h e  
major c o n s t i t u e n t  w i t h  trace amounts of a rgon p r e s e n t .  

The primary purpose of a composi t ion experiment  should  be t o  
s e a r c h  f o r  and de te rmine  t h e  p a r t i a l  p r e s s u r e s  of major o r  i m -  
p o r t a n t  a tmospher ic  c o n s t i t u e n t s .  Cons ide ra t ion  should  be g iven  
t o  C0.7, N 2 ,  & O ,  02, A ,  H e ,  Ne, and 03. Secondary o b j e c t i v e s  
should  be t o  s e a r c h  f o r  and i d e n t i f y  trace c o n s t i t u e n t s  and v o l -  
a t i l e  o rgan ic  compounds; t o  o b t a i n  t o t a l  p r e s s u r e  measurements; 
t o  o b t a i n  a l t i t u d e  p r o f i l e s  a t  d i f f e r e n t  p o i n t s  i n  space  and t i m e ;  
and t o  o b t a i n  i n d i c a t i o n s  of t h e  composi t ion of t h e  c louds  and 
s u r f a c e .  Suppor t ing  measurements of a l t i t u d e ,  tempera ture ,  and 
p r e s s u r e  a re  r e q u i r e d .  Supplementary and complementary de termina-  
t i o n s  of t h e  composi t ion by d i f f e r e n t  experiments  a re  d e s i r a b l e .  

EXPERIMENTS/ INSTRUMENTS 

There a r e  s i x  c l a s s e s  of exper iments  t h a t  can be used t o  de-  
t e rmine  t h e  composi t ion of t h e  atmosphere a s  shown i n  t a b l e  20 .  
With in  each c l a s s  of i n s t rumen t  t h e r e  are s e v e r a l  d i f f e r e n t  t y p e s .  
S e v e r a l  of t h e s e  in s t rumen t  t ypes  are  d e s c r i b e d  below. 

Mass Spect rometers  

Table  2 1  l i s t s  f i v e  t y p e s  of mass spec t rome te r s  t h a t  have been 
used o r  proposed f o r  u s e  i n  space  probes .  A g e n e r a l  d e s c r i p t i o n  
of t h e  v a r i o u s  types  can be found i n  r e f e r e n c e s  9 1  and 9 2 .  D e-  
t a i l e d  d e s c r i p t i o n s  of t h e  quadrupole and magnetic  s e c t o r  t ypes  
a re  g iven  below. 

I n  g e n e r a l ,  t h e  v a r i o u s  types  of mass spec t rome te r s  are s i m i -  
l a r  i n  o p e r a t i n g  p r i n c i p l e .  F igure  25 shows a g e n e r a l i z e d  mass 
spec t rome te r  system and i t s  major subsystems.  A gas  sampling sub-  
system i s  r e q u i r e d  t o  reduce  t h e  p r e s s u r e  of t h e  ambient atmosphere 

(-lo4 mb) 

t o  preven 
becoming 

t o  a v a l u e  compat ib le  w i t h  t h e  i n l e t  l e a k  (5 500 mb) and  
-5 

t t h e  mass spec t rome te r  vacuum system (5 10 mb) from 
s a t u r a t e d .  A s m a l l  amount of a tmospher ic  gas  a t  t h e  re- 

I 

duced p re s su re  i s  al lowed t o  f low through t h e  i n l e t  l e a k  (-0.2 p 
d iameter )  i n t o  t h e  i o n i z a t i o n  r e g i o n .  The u s e  of such  a molecular  
l e a k  a l lows  each gas  t o  e n t e r  t h e  ins t rument  i n  p ropor t ion  t o  i t s  
p a r t i a l  p re s su re .  Ions a r e  t hen  formed by bombardment of t h e  g a s  
molecules  w i th  e l e c t r o n s  from a ho t  f i l a m e n t .  
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The r e s u l t i n g  i o n s  a re  focused  i n t o  a beam and d i r e c t e d  i n t o  t h e  
a n a l y z e r  s e c t i o n  where t h e y  are s e p a r a t e d  acco rd ing  t o  mass. The 
i o n s  emerging from t h e  a n a l y z e r  s e c t i o n  are c o l l e c t e d  and measured 
as  a n  i o n  c u r r e n t  p r o p o r t i o n a l  t o  t h e  p a r t i a l  p r e s s u r e  of t h e  gas  
t o  which t h e  i o n  cor responds .  The i o n  c u r r e n t  i s  then  processed 
and conve r t ed  t o  a d i g i t a l  form. 

Quadrupole Mass Spect rometer  

F igu re  26 shows a schemat ic  of t h e  quadrupole mass spectrom- 
e t e r .  The a n a l y z e r  s e c t i o n ,  i n  t h i s  c a s e ,  c o n s i s t s  of f o u r  p a r a l -  
l e l  c y l i n d r i c a l  e l e c t r o d e s  ( i d e a l l y  hype rbo l i c  i n  shape ) .  Op- 
p o s i t e  e l e c t r o d e s  are connected as  shown i n  f i g u r e  27 and dc  and 
r f  v o l t a g e s  a r e  s imul t aneous ly  a p p l i e d .  The i o n s ,  which a r e  i n -  
j e c t e d  p a r a l l e l  t o  t h e  a n a l y z e r  r o d s ,  are a c t e d  on by t h e  super-  
imposed e l e c t r i c  f i e l d s  and a c q u i r e  complex o s c i l l a t o r y  motions 
d e s c r i b e d  by Mathieu ' s  d i f f e r e n t i a l  equa t ions .  The t r a j e c t o r i e s  
are  s t a b l e  o r  u n s t a b l e  depending on t h e  r f ,  t h e  r f  and dc  v o l t a g e s ,  
t h e  dimensions of t h e  quadrupole ,  and t h e  charge- to-mass r a t i o  of 
t h e  i o n s .  By a s u i t a b l e  cho ice  of t h e s e  parameters, a l l  i o n s  ex-  
c e p t  t h o s e  w i t h  a d e s i r e d  range of charge- to-mass r a t i o s  a c q u i r e  
u n s t a b l e  t r a j e c t o r i e s  and are removed from t h e  beam by c o l l i s i o n  
w i t h  t h e  e l e c t r o d e s  w h i l e  t h o s e  w i t h  t h e  s e l e c t e d  m/q r a t i o s  
proceed through t o  a n  ion  c o l l e c t o r  g i v i n g  a c u r r e n t  p r o p o r t i o n a l  
t o  t h e i r  p a r t i a l  p r e s s u r e .  The mass spectrum i s  swept by va ry ing  
t h e  v o l t a g e s  o r  t h e  r a d i o  f requency.  

The i o n  c o l l e c t o r  i s  a s o l i d - s t a t e  semiconductor  dev ice  wi th  

a n  i n p u t  c u r r e n t  range from 
a u t o m a t i c a l l y  swi tched ,  ove r l app ing  r anges .  The o u t p u t  i s  loga-  
r i t h m i c a l l y  compressed i n t o  a 0 t o  5 V ana log  range .  

t o  2 x lo-'' A covered by two 

The quadrupole  mass spec t rometer  d e s c r i b e d  below i s  capab le  
of de t e rmin ing  t h e  p a r t i a l  p r e s s u r e s  of gases  w i t h  a tomic  masses 
between 11 and 45 amu. This  range can  be s h i f t e d  t o  about  200 amu 
by r edes ign ing  t h e  e l e c t r o n i c s  i f  d e s i r e d .  

Two g e n e r a l  methods f o r  sampling t h e  m a s s  range  a re  t h e  con- 
t i n u o u s  sweep mode, where a l l  of t h e  masses i n  any chosen mass 
range  can be sampled, and t h e  s tepped mode, where several  masses 
a re  chosen f o r  i n v e s t i g a t i o n  and sampled s e q u e n t i a l l y  by s t e p p i n g  
from one mass t o  t h e  n e x t .  Both schemes w i l l  be used w i t h  t h e  
s tepped mode be ing  t h e  primary.  
t h e  s tepped mode are: &O (18), N2 and 60 ( 2 5 ) ,  02 ( 3 2 ) ,  A (40), 
C02  and N 2 0  (44), and t h e i r  d i s s o c i a t i o n  products  C ( 1 2 ) ,  N (14), 
and 0 (16) .  I n - f l i g h t  c a l i b r a t i o n  can  b e  performed by i n j e c t i n g  
a sample c o n t a i n i n g  t h e  f i v e  gases  l i s t e d  above.  

The gases  t o  be i n v e s t i g a t e d  i n  
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P h y s i c a l  c h a r a c t e r i s t i c s .  - The in s t rumen t  weighs about  8 l b  
p lus  t h e  g a s  sampling system, which may weigh abou t  2 l b .  
s i z e  i s  8 118 by 14 by 2 13/16 i n .  exc lud ing  t h e  gas  sampling sys-  
t e m  but  may be t a i l o r e d  f o r  s p e c i f i c  a p p l i c a t i o n s .  A l l  materials 
and components a r e  h e a t  s t e r i l i z a b l e .  F igu re  2 8  shows t h e  i n s t r u -  
ment t h a t  w a s  developed f o r  use  on a Mar t i an  e n t r y  v e h i c l e .  

The 

Opera t iona l  r equ i r emen t s .  - The mass spec t rome te r  r e q u i r e s  
28 V +_ lo%, 10-W ave rage ,  15-W peak power i n p u t .  The power i n  
f a i l u r e  i s  2 1  W. Some warmup t i m e  f o r  t h e  h o t  f i l a m e n t  i on  sou rce  
i s  n e c e s s a r y .  Power requi rements  f o r  t h e  sampling system are un- 
known a t  p r e s e n t .  

The i n p u t s  from and o u t p u t s  t o  t h e  d a t a  system are as f o l l o w s :  

1) I n p u t s ,  

a )  Turn-on/ turn-of f  command, 

b)  Clock s t o p  command t o  i n h i b i t  c y c l i n g  f o r  t e s t  

c )  Continuous m a s s  scan  c o n t r o l  f o r  t e s t  purposes ,  

d )  Stepped o r  s w e p t  mode c o n t r o l ,  

e) C a l i b r a t i o n  command; 

purposes ,  

2)  o u t p u t s ,  

a )  D e t e c t o r  ( i o n  c o l l e c t o r  o u t p u t ) ,  

b) D e t e c t o r  range  i n d i c a t o r ,  

c)  Stepped o r  swept mode i n d i c a t o r ,  

d) Mass marker ,  

e )  Ion  sou rce  tempera ture  moni tor ,  

f )  Log d iode  t empera tu re  mon i to r ,  

g) Regulated B+ moni tor ,  

h) High-voltage moni tor ,  

i) Filament-on i n d i c a t o r .  

A l l  o u t p u t s  are 0 t o  5 V ana log  and w i l l  be conver ted  t o  d i g i -  
t a l  form. 
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ac V 

Figure  2 7 .  - End View o f  Quadrupole E l e c t r o d e s  

F igu re  28. - Quadrupole Mass Spectrometer  (Photo Cour tesy  
of S c i e n t i f i c  Data Systems) 

79 



APPENDIX B 

Opera t ing  i n  t h e  s t epped  mode, t h e  ins t rument  w i l l  measure 
t h e  t o t a l  i o n  c u r r e n t ,  t h e  z e r o  l e v e l ,  t h e  i o n  c u r r e n t s  f o r  each  
of t h e  e i g h t  masses, t h e  z e r o  l e v e l ,  and t h e  t o t a l  i o n  c u r r e n t  
du r ing  each measurement c y c l e .  S ince  each d a t a  p o i n t  r e q u i r e s  
1 s e c ,  t h i s  p rocess  t a k e s  12 sec. Housekeeping d a t a  from o u t p u t s  
c )  t h r u  i) w i l l  be recorded  be fo re  and a f t e r  each  measurement 
c y c l e .  
i n  84 bi t s /measurement ;  housekeeping d a t a  w i l l  c o n t r i b u t e  a n  e s t i -  
mated 28 b i t s  f o r  a t o t a l  of  112 bi ts /measurement .  

Measuring t h e  d e t e c t o r  o u t p u t  t o  7 - b i t  accu racy  r e s u l t s  

The mass spec t rometer  r e q u i r e s  a sample of t h e  ambient atmos- 
phere .  The gas  sampling i n l e t  should be p laced  s o  i t  a v o i d s  con- 
t amina t ion  by gases  l e a k i n g  from t h e  buoyant d e v i c e .  
ammonia, methane, hydrogen, o r  hel ium are p o s s i b l e  contaminants . )  
This  may n e c e s s i t a t e  t h e  deployment o f  a long tube  o r  hose  u n l e s s  
a s u i t a b l e  t echn ique  f o r  c a l i b r a t i n g  a g a i n s t  t h e  contaminants  can 
be developed.  

(Ni t rogen ,  

The e l e c t r o n i c s  f o r  t h e  p re sen t  i n s t rumen t  r e q u i r e  a thermal  
environment between -10 and f65'C du r ing  o p e r a t i o n .  The g a s  sam- 
p l i n g  system should be k e p t  a t  t h e  tempera ture  of  t h e  ambient  
atmosphere t o  prevent  condensa t ion  of t h e  g a s e s .  

Opera t iona l  l i m i t a t i o n s .  - The r e s o l u t i o n  i s  Am/m = 1/25  
f o r  1% c r o s s t a l k  between a d j a c e n t  peaks i n  t h e  swept mode. Reso- 
l u t i o n  i n  t h e  s tepped mode i s  
wid th  r a t i o  of 0 .5  and 1% c r o s s t a l k .  

h / m  = 1/20  f o r  a top- to- base  

The lower l i m i t  of s e n s i t i v i t y  of t h e  quadrupole a n a l y z e r  i s  

about  lo-' mb. 
by t h e  s i z e  of t h e  i n l e t  l e a k .  

i s  from 

The s e n s i t i v i t y  of t h e  e n t i r e  system i s  determined 

4 
The dynamic range  of t h e  d e t e c t o r  

t o  2 x lo-'' A o r  about  10 . 
The accu racy  of t h e  system f o r  7 - b i t  d a t a  words i s  54.5% e r r o r  

i n  t h e  knowledge of t h e  i o n  c u r r e n t s .  This  a l lows  t h e  measure- 
ment of t h e  r a t i o s  of any  two p a r t i a l  p r e s s u r e s  t o  210% accuracy ,  
and  t h e  mean mass t o  be c a l c u l a t e d  t o  w i t h i n  55%. 

The mass spec t rometer  g e n e r a t e s  and i s  s u s c e p t i b l e  t o  h igh  
f requency (0.5 t o  3 mHz) and s t a t i o n a r y  magnetic  f i e l d s  bu t  s h i e l d -  
ing  w i l l  minimize t h e s e  e f f e c t s .  

A s  mentioned above,  i t  i s  a lso s u s c e p t i b l e  t o  contaminat ion  

C2H4, C2H6, and N 0, which have t h e  same 
by leakage  gases .  
such as  CH 

The presence  of o t h e r  gases  i n  t h e  atmosphere 
m/q r a t i o  2 4' 
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as t h e  gases  be ing  i n v e s t i g a t e d  may cause  fa l se  d e t e r m i n a t i o n s .  
The u s e  of o t h e r  composi t ion exper iments  w i l l  r e s o l v e  t h e s e  a m-  
b i g u i t i e s .  

The vacuum system i s  a 150 cc/sec s p u t t e r  i o n  pump. The ex-  
pec ted  l i f e t i m e  of t h e  pump i s  n o t  y e t  known. 

Development s t a t u s  and problem areas. - The ins t rument  w a s  
o r i g i n a l l y  des igned and developed by SDS Aerospace Systems (form- 
e r l y  CSC) f o r  NASA's Goddard Space F l i g h t  Center  and i s  c u r r e n t l y  
a v a i l a b l e  from SDS. The on ly  major development necessa ry  i s  i n  
connec t ion  w i t h  a s u i t a b l e  gas sampling system. 

The main advantages  of t h e  quadrupole  type  a re  i t s  l i g h t  
weight  and l a c k  of magnetic  f i e l d s .  However, i t s  requirement  f o r  
s t a b l e  r a d i o  f r e q u e n c i e s  and v o l t a g e s  make i t  s l i g h t l y  less  re- 
l i a b l e  t han  t h e  h e a v i e r  magnetic  s e c t o r  t ype  desc r ibed  below. 

References  93 t h r u  95 d e s c r i b e  quadrupole  mass spec t rome te r s  
used on rocke t  f l i g h t s  i n  t h e  E a r t h ' s  a tmosphere.  

Magnetic S e c t o r  Mass Spectrometer  

This  t ype  u s e s  a magnetic  f i e l d  t o  perform t h e  mass sepa ra-  
t i o n .  The i o n s  e n t e r i n g  t h e  a n a l y z e r  s e c t i o n  w i t h  t h e i r  v e l o c i t y  
v e c t o r s  pe rpend icu la r  t o  a s t r o n g ,  uniform magnetic  f i e l d  are  de-  
f l e c t e d  i n t o  a c i r c u l a r  a r c .  The r a d i u s  of c u r v a t u r e  of  t h e  a r c  
depends on t h e  magnetic  f i e l d  s t r e n g t h ,  t h e  k i n e t i c  energy of t h e  
i o n s ,  and t h e  mass of  t h e  i o n s .  With t h e  f i r s t  two parameters  
h e l d  c o n s t a n t ,  i o n s  w i t h  d i f f e r e n t  masses w i l l  f o l low d i f f e r e n t  
c i r c u l a r  pa ths  as shown i n  f i g u r e  29.  I f  t h e  magnetic  s e c t o r  i s  
preceded by a n  e l e c t r i c  s e c t o r  as  shown i n  f i g u r e  30, t h e  energy  
a b e r r a t i o n s  are reduced g i v i n g  b e t t e r  mass r e s o l u t i o n .  The use  
of t h e  e l e c t r i c  s e c t o r  a l lows  a smaller magnet t o  be used .  

Mass spec t rome te r s  of t h e  double- focus ing  type  have been used 
on Aerobee sounding r o c k e t s  ( r e f .  96)  and on t h e  Explorer  X V I I  
s a t e l l i t e .  
low, can b e  adap ted  €or  u s e  on Venus by a s u i t a b l e  r edes ign  of 
t h e  i n l e t  system and p r o v i s i o n  of a gas  sampling system. 

The Exp lo re r  X V I I  i n s t rumen t ,  which i s  desc r ibed  be- 
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Magnetic field 
perpendicular 
to paper 

Focal 
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slit boundary 

Figure 2 9 .  - Separation of Two Masses with Equal Energies and Entering 
Perpendicular to Focal Plane (Demonstration of Unity 
Magnification) 
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I 
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The Explorer XVII double-focusing mass spectrometer is fixed 
tuned to detect m/q ratios of 4, 14, 16, 18, 28, and 32 corre- 
sponding t o  He, N, 0, H20, N,, and 0,. However, for use on Venus, 
it should be tuned to 12(C), 14(N), 1 6 ( 0 ) ,  18(H20), 28(N2 and CO), 
32(02), 40(A) , and 44(C02 and N20). 
detectors placed in a manner similar to that shown in figure 31. 
Swept tuning could be accomplished as in the Nier instrument 
(ref. 96) by sweeping the ion accelerator grid voltage. This re- 
duces the resolution but increases the number of gases that can 
be investigated. 

This would require eight 

Physical characteristics. - The Explorer XVII instrument pack- 
age weighed 22 lb, but the inclusion of a sputter ion pump to 
maintain internal vacuum and a gas sampling system for reducing 
the inlet pressure may increase the weight to about 26 lb. The 
approximate dimensions are showr, in figure 32. Total volume of 
the 
ft. 

for 
for 

spectrometer and associated electronics is less than 0.5 cu 

Operational requirements. - Power at 27 W, 28 Vdc is required 
the mass spectrometer and its electronics. Power requirements 
the sampling system are unknown. 

The outputs of the eight detectors are compressed in a loga- 
rithmic amplifier to 0 to 5 Vdc outputs that are, in turn, con- 
verted to 7-bit digital words for telemetry. Housekeeping data 
bring the total number of bits per scan to about 150 bits. 

Deployment and thermal control requirements are the same as 
for the quadrupole type. 

Operational limitations. - The resolution is adjustable. 
Explorer XVII instrument gave 
mass 30 for 2% crosstalk between adjacent peaks. 

m/A m = 11.7 in the region of 

The minimum detectable partial pressure is about 1 O - I '  mb in 
-16 the ion source. The detectors are capable of  detecting 5 x 10 

A with two overlapping 4-decade ranges on a logarithmic amplifier 
giving a total dynamic range of about 10 . 7 

The instrument has a strong pzrmanent magnetic field of about 
1.0 to 2.5 kG near the magnet. Shielding can reduce this con- 
siderably. 

The lifetime is one year (in satellite orbit) with minimum 
of 500 turn-ons. 
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F i g u r e  31. - Mass Spect rometer  Conf igura t ion  and Ion Pa th  i n  X-Y Plane ( r e f .  97) 

,I- 

F i g u r e  3 2 .  - Explore r  X V I I  Ins t rument  Package 
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Development s t a t u s  and problem areas. - The mass spec t rome te r  
d e s c r i b e d  above w a s  des igned f o r  u se  i n  a s a t e l l i t e .  However, by 
add ing  a gas  sampling system and a s p u t t e r  i o n  pump, it could  be 
adap ted  f o r  u se  i n  t h e  Cytherean atmosphere.  SDS i s  working on 
a n  improved v e r s i o n  t h a t  may weigh as l i t t l e  as 10 l b .  This  would 
be a ve ry  a t t r a c t i v e  cho ice  f o r  t h e  buoyant s t a t i o n  i f  t h e r e  i s  
no s t r o n g  requi rement  f o r  magnetic  c l e a n l i n e s s .  The i n h e r e n t l y  
b e t t e r  r e l i a b i l i t y  of t h e  magnetic  t y p e  over  t h e  quadrupole  type  
may o f f s e t  t h e  a d d i t i o n a l  weight  of magnetic  s h i e l d i n g .  However, 
more in fo rma t ion  on t h e  10- lb  magnetic  t ype  i s  needed b e f o r e  a 
t r a d e o f f  can  be made. 

Regardless  of which type  i s  t h e  b e s t  cho ice ,  t h e r e  are two 
major mass spec t rometer  subsystem developments t h a t  would be de-  
s i r a b l e .  They a re  t h e  development of a s u i t a b l e  gas  sampling 
and i n l e t  subsystem and t h e  development of a f i e l d  i o n i z a t i o n  
ion  sou rce .  The f i e l d  i o n i z a t i o n  sou rce  e l i m i n a t e s  t h e  f r a g i l e ,  
power consuming f i l a m e n t  needed t o  g e n e r a t e  t h e  i o n i z i n g  e l e c t r o n  
beam, a l s o  t h e  breakup of  complex molecules by e l e c t r o n  bombard- 
ment i o n i z a t i o n  i s  g r e a t l y  reduced w i t h  a f i e l d  i o n  source .  

Gas Chromatography 

I n  a g a s  chromatograph, a s a m p l e  of a tmospher ic  gas  i s  mixed 
w i t h  and t r a n s p o r t e d  by a n  i n e r t  c a r r i e r  gas  ( e .g . ,  helium) through 
a tube  o r  column c o n t a i n i n g  a material t h a t  a l l ows  t h e  c o n s t i t u e n t  
gases  t o  f low through a t  d i f f e r e n t  ra tes .  The material can be 
e i t h e r  a c t i v a t e d  adso rb ing  p a r t i c l e s ,  l i q u i d- c o a t e d  i n e r t  pa r-  
t i c l e s ,  o r  a l i q u i d  c o a t i n g  on t h e  w a l l s  o f  a c a p i l l a r y  tube .  The 
c o n s t i t u e n t  gases  have d i f f e r e n t  a f f i n i t i e s  f o r  t h e  material i n  
column. I n  t h e  c a s e  of s o l i d  packing,  t h e  a f f i n i t y  i s  a d s o r p t i v e ;  
i n  t h e  c a s e  of t h e  l i q u i d - c o a t e d  packing,  t h e  a f f i n i t y  i s  r e l a t e d  
t o  vapor- l iqu id  e q u i l i b r i u m .  I n  e i t h e r  case, t h e  c o n s t i t u e n t  
g a s e s  f low through t h e  column a t  d i f f e r e n t  ra tes  so  t h a t  t h e  t i m e  
i t  t a k e s  f o r  each component t o  t r a v e r s e  t h e  column i s  unique  and 
r e p r o d u c i b l e .  Therefore ,  each component emerges from t h e  column 
a t  a g iven  t i m e  a f t e r  i n j e c t i o n  and i s  i d e n t i f i e d  by i t s  charac-  
t e r i s t i c  r e t e n t i o n  t i m e .  D e t e c t o r s  a t  t h e  end of t h e  column s e n s e  
t h e  presence  oE any gas  o t h e r  t han  t h e  carrier gas  and g i v e  a n  
i n d i c a t i o n  of t h e  q u a n t i t y .  One major d i sadvan tage  i s  t h a t  a 
s p e c i f i c  column packing may s e p a r a t e  c e r t a i n  components but  l eave  
o t h e r s  unresolved .  Therefore ,  s e v e r a l  columns w i t h  d i f f e r e n t  
packing materials may be  r e q u i r e d  t o  f u l l y  ana lyze  t h e  a tmospher ic  
composi t ion.  Another i n t e r e s t i n g  p o s s i b i l i t y  i s  t o  u se  a mass 
spec t rometer  i n  se r ies  w i t h  t h e  chromatographic columns t o  sep-  
ara te  components t h a t  n e i t h e r  ins t rument  could r e s o l v e  by i t s e l f .  
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There are  two gas  chromatographs be ing  developed f o r  u se  i n  
p l a n e t a r y  e x p l o r a t i o n .  One i s  f o r  t h e  Surveyor program, t h e  o t h e r  
i s  in t ended  f o r  a n a l y s i s  of t h e  Mar t i an  atmosphere.  Both can  b e  
adap ted  f o r  u se  i n  t h e  Cytherean atmosphere,  a l t hough  no work t o -  
ward t h i s  s p e c i f i c  end h a s  been done. 

Surveyor Gas Chromatograph 

The Surveyor gas  chromatograph was des igned t o  be so f t - l anded  
on t h e  moon t o  provide  a n  a n a l y s i s  of t h e  v o l a t i l e  c o n s t i t u e n t s  
i n  a sample of t h e  l u n a r  s u r f a c e  material ( r e f s .  97 t h r u  9 9 ) .  An 
oven i s  t o  be used t o  h e a t  t h e  s u r f a c e  sample and d r i v e  o f f  any 
g a s e s  p r e s e n t .  The use  of such a n  oven f o r  a tmospher ic  a n a l y s e s  
i s  n o t  necessa ry  bu t  would be d e s i r a b l e  f o r  a n a l y s i s  of c loud o r  
d u s t  p a r t i c l e s .  For t h i s  r ea son ,  a modif ied Surveyor gas  chromato- 
graph i s  proposed as a c a n d i d a t e  f o r  de termining  a tmospher ic ,  
c loud and d u s t  composi t ion ,  and t h e  presence  of o r g a n i c s .  

Cloud and d u s t  p a r t i c l e s  w i l l  b e  c o l l e c t e d  and p laced  i n  t h e  
oven t h a t  w i l l  t h e n  be s e a l e d  and  hea ted  i n  s t eps  t o  -5OO0C. The 
g a s e s  t h u s  l i b e r a t e d  a t  each  s t e p  w i l l  be i n j e c t e d  i n t o  a hel ium 
carr ier  gas  stream as  a s h o r t  s l u g .  The a tmospher ic  gas  sample 
w i l l  bypass t h e  oven. The sample gas  i s  then  d iv ided  and t r a n s -  
por t ed  through t h r e e  p a r a l l e l  a n a l y t i c  columns by t h e  he l ium c a r -  
r ier  g a s .  The c o n s t i t u e n t s  of t h e  sample gas  are s e p a r a t e d  i n  
t h e  columns and t h e  r e t e n t i o n  times f o r  each component measured 
by glow d i s c h a r g e  d e t e c t o r s  a t  t h e  end o f  each  column. 

The t h r e e  columns a l l o w  25 d i f f e r e n t  components t o  be ana lyzed  
as f o l l o w s :  

Hydrogen 
Oxygen 
Ni t rogen  
Carbon monoxide 
Carbon d i o x i d e  
Water 
Methane 
Ethane 
Pro pane 

Butane 
M e t  hano 1 
Ethanol  
Pro pano 1 
Acetone 
Formaldehyde 
Acetaldehyde 
Propionaldehyde 
A c e t o n i t r i l e  

Hydrogen cyanide  
Benzene 
Toluene 
Ammonia 
Hydrogen s u l f i d e  
Acetylene 
A c  r o  l e  i n  
Formic a c i d  
A c e t i c  a c i d  
B u t y r i c  a c i d  

The d e t e c t o r  o u t p u t s ,  which have s imul taneous  h igh-  and low-sensi-  
t i v i t y  r e a d o u t s ,  are  then  processed f o r  t r a n s m i s s i o n .  The t r a n s -  
m i t t e d  d a t a  can be used t o  de termine  t h e  i d e n t i t y  and approximate 
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q u a n t i t y  of each v o l a t i l e  o r  gaseous c o n s t i t u e n t  i n  t h e  sample. 
One a n a l y s i s  r e q u i r e s  100 minutes  t o  complete i n c l u d i n g  t h e  t i m e  
r e q u i r e d  f o r  oven h e a t i n g  and backf lush ing  w i t h  t h e  he l ium carrier 
g a s .  

F igu re  3 3  shows a schemat ic  of t h e  g a s  chromatograph. A more 
d e t a i l e d  d e s c r i p t i o n  of t h e  o p e r a t i o n  can  be  found i n  r e f e r e n c e s  
97 and 9 9 .  

P h y s i c a l  c h a r a c t e r i s t i c s .  - The Surveyor in s t rumen t  weighs 
14 l b  and i s  con ta ined  i n  a box 8x8x10 i n .  References  9 7  and 9 9  
c o n t a i n  photographs of t h e  in s t rumen t  showing t h e  c o n s t r u c t i o n .  
The in s t rumen t  i s  h e a t  s t e r i l i z a b l e  (125OC f o r  3 6  h r )  and des igned 
f o r  immersion i n  e t h y l e n e  oxide  f o r  2 4  h r .  

Opera t iona l  r equ i r emen t s .  - The ins t rumen t  r e q u i r e s  a maximum 
e l e c t r i c a l  
f o l l o w s :  

3 )  

energy  supply  of 2 4  Wh f o r  each  100 minute a n a l y s i s  as  

Raw b a t t e r y  power, 

Vol tage ,  22  + 6 1 - 4  Vdc, 
Maximum power, 7 2  W ,  
Maximum c u r r e n t ,  5 A, 
Energy d r a i n ,  2 2 . 1  W ;  

Regulated power, 

Vol tage ,  2 1% Vdc, 
Maximum power, 0 . 4 4  W ,  
Maximum c u r r e n t ,  15 tnA, 
Maximum energy ,  0 . 7 5  Wh; 

S p e c i a l  power ( f o r  d e t e c t o r s ) ,  

Vol tage ,  1000 f. 10% Vdc, 
Maximum c u r r e n t ,  100 mA. 

A t y p i c a l  d e t e c t o r  o u t p u t  s i g n a l  i s  shown i n  f i g u r e  3 4 .  B e-  
cause  of t h e  d i f f i c u l t y  i n  au tomat i c  z e r o i n g  of t h e  d e t e c t o r  a 
d e r i v a t i v e  r eadou t  of t h e  chromatographic peaks i s  used.  A t y p i -  
ca l  d e r i v a t i v e  chromatogram and i t s  i n t e g r a l  i s  shown i n  f i g u r e  
3 5 .  
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Each column h a s  a d e t e c t o r  t h a t  i s  s imul t aneous ly  r ead  o u t  a t  
l o w  and h igh  s e n s i t i v i t y  (100 t i m e s  a m p l i f i c a t i o n  of low). 
f o r e ,  s i x  o u t p u t  channels  a r e  r e q u i r e d .  Seven b i t s  per  r ead ing  
should  s u f f i c e .  Data on column t empera tu re s ,  r e t e n t i o n  t i m e s ,  
and c a r r i e r  g a s  p r e s s u r e  a re  a l s o  r e q u i r e d  b r i n g i n g  t h e  t o t a l  
number of b i t s  pe r  r ead ing  t o  91 .  

There-  

I f  o n l y  t h e  r e t e n t i o n  t i m e  (10 b i t s )  and peak ampl i tude  (7 
b i t s )  f o r  each  of t h e  28 gases  i s  d e s i r e d ,  t h e  t o t a l  number of 
b i t s  pe r  a n a l y s i s  i s  632. 
t o  about  800 b i t s .  

Other  housekeeping d a t a  may b r i n g  t h i s  

If a complete chromatogram such as  i s  shown i n  f i g u r e  35 i s  
d e s i r e d ,  t h e  t o t a l  number of  b i t s  w i l l  be  g r e a t l y  i n c r e a s e d  
(-10 000). 

A sampling system t o  c o l l e c t  and d e l i v e r  c loud and d u s t  par-  
t i c l e s  t o  t h e  oven i s  r e q u i r e d .  

A thermal  a n a l y s i s  of t h e  gas  chromatograph i s  g iven  i n  r e f -  
e r e n c e  9 7 .  B r i e f l y ,  t h e  s u r v i v a l  tempera ture  range i s  -185 t o  
f125'C and t h e  o p e r a t i n g  tempera ture  range  i s  -50 t o  +125'C. 

Opera t iona l  l i m i t a t i o n s .  - The ins t rument  s a t i s f a c t o r i l y  re- 
so lved  a l l  of t h e  28 components l i s t e d  p r e v i o u s l y  w i t h  t h e  excep- 
t i o n  of formaldehyde, a c e t o n i t r i l e ,  hydrogen cyan ide ,  carbon d i -  
oxide ,  hydrogen s u l f i d e ,  and b u t y r i c  a c i d .  F u r t h e r  development 
work on t h e  columns w i l l  a l l o w  t h e s e  components t o  be r e s o l v e d .  

The minimum d e t e c t a b l e  q u a n t i t y  i n  t h e  oven i s  3 x mole 
f o r  each  of t h e  28 components. 

The minimum dynamic range of t h e  combined h igh-  and low-sen- 
s i t i v i t y  d e t e c t o r  channe l s  i s  10 000 t i m e s  t h e  minimum d e t e c t a b l e  
q u a n t i t y  . 

The Surveyor in s t rumen t  i s  capab le  of twenty-one 100-minute 
a n a l y s e s  ( l i m i t e d  by q u a n t i t y  o f  hel ium c a r r i e r  gas  and c a l i b r a -  
t i o n  sample gas ) .  

Development s t a t u s  and problem a r e a s .  - Since  t h e  Surveyor 
ins t rument  w a s  des igned t o  o p e r a t e  i n  t h e  l u n a r  environment ,  some 
r e d e s i g n  i s  necessa ry .  The major r e d e s i g n  w i l l  be i n  t h e  the rma l  
c o n t r o l  a r e a  t o  compensate f o r  t h e  d i f f e r e n c e  i n  h e a t  t r a n s f e r  
p r o p e r t i e s  i n  t h e  l u n a r  and Cytherean envi ronments .  
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Redesign of t h e  columns t o  s e p a r a t e  g a s e s  o t h e r  t han  t h e  28 
p rev ious ly  l i s t e d  ( e .g . ,  a rgon,  HCI, N20, C 3 0 2 ,  e t c . )  w i l l  a l s o  
be necessa ry .  

P r o v i s i o n s  f o r  sampling t h e  atmosphere and bypass ing  t h e  oven 
d i l l  have t o  be  made. 

The Surveyor in s t rumen t  was developed by Beckman Ins t rumen t s ,  
I n c . ,  f o r  JPL and a p ro to type  d e l i v e r e d  t o  JPL and t e s t e d  i n  
December 1962. The performance i s  d e s c r i b e d  i n  r e f e r e n c e  97 .  
P re sen t  s t a t u s  i s  unknown; however, t h e  ins t rument  i s  n o t  sched- 
u led  f o r  u se  on any of t h e  Surveyor f l i g h t s  (probably  because of 
t h e  high power requi rements ) .  

Micro Gas Chromatograph 

This  ins t rument  i s  be ing  developed by JPL f o r  use du r ing  e n t r y  
i n t o  t h e  Mar t ian  atmosphere ( r e f s .  100 t h r u  102) .  However, s i n c e  
i t  i s  des igned t o  make a r a p i d  a n a l y s i s  f o r  o n l y  t h r e e  gases  (A, 
N 2 J  C02), i t s  u t i l i t y  on a buoyant s t a t i o n  i s  q u e s t i o n a b l e .  A 
b r i e f  d e s c r i p t i o n  i s  g iven  below ( d e t a i l s  can be ob ta ined  from 
r e f s .  100 t h r u  1 0 2 ) .  

Phys i ca l  c h a r a c t e r i s t i c s .  - The ins t rument  w i l l  weigh about  
3 o r  4 l b  and b e  packaged i n  a box about  4 x 4 ~ 6  i n .  ( i nc lud ing  
b a t t e r i e s  and A I D  s i g n a l  c o n d i t i o n i n g ) .  

Opera t iona l  requi rements .  - Power requi rements  a r e  unknown 
but  2 t o  3 W should be s u f f i c i e n t .  Data handl ing  i s  d i scussed  
i n  r e f e r e n c e  102. 

Development s t a t u s .  - A breadboard model h a s  been c o n s t r u c t e d  
and t e s t e d  a t  J P L ;  a p ro to type  i s  be ing  assembled.  

Melpar Gas Chromatograph 

Melpar,  I n c . ,  has  performed a s tudy  f o r  JPL on t h e  d e s i g n  and 
f a b r i c a t i o n  of breadboard and p ro to type  models of a gas chromato- 
graph f o r  a n a l y s i s  of t h e  Mar t ian  atmosphere ( r e f .  103 ) .  The i n -  
s t rument  s e p a r a t e s  12  components; t h e  g a s e s  NH3, C 0 2 ,  H20,  H2, N2 ,  

C2H6J 0 2 ,  A ,  CH 4 ’  2 
and K r  can be d e t e c t e d .  References 9 1  and 103 d e s c r i b e  t h e  pe r-  
formance and components i n  d e t a i l .  

and CO can be q u a n t i t a t i v e l y  measured and N 0,  
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Phys i ca l  c h a r a c t e r i s t i c s .  - It i s  e s t i m a t e d  t h a t  t h e  i n s t r u -  
ment w i l l  weigh about  5 l b  and w i l l  be packaged i n  a box 5 . 5 ~ 5 . 5 ~  
8 i n .  

Opera t iona l  requi rements .  - Since  column h e a t i n g  i s  t o  be 
s u p p l i e d  by a chemical  h e a t  sou rce ,  t h e  power r e q u i r e d  f o r  t h e  
e l e c t r o n i c s  i s  o n l y  1 .5  W.  However, 4 W has  been a l l o c a t e d  f o r  
t h e  o p e r a t i o n ,  so t h a t  2 .5  W could  be  used f o r  h e a t i n g  i f  d e s i r e d .  

Peak ampl i tudes  and r e t e n t i o n  times f o r  each  of t h e  12 com- 
ponents  a re  read  t o  7 - b i t  accu racy  a s  are  column tempera ture  and 
car r ier  gas  p r e s s u r e  f o r  a t o t a l  of 336 b i t s / a n a l y s i s .  Allowing 
f o r  housekeeping d a t a  g i v e s  approximate ly  350 t o  400 b i t s / a n a l y -  
s i s .  

The columns r e q u i r e  a n  o p e r a t i n g  tempera ture  of  3 3 3 O C .  

Ope ra t iona l  l i m i t a t i o n s .  - The d e t e c t o r s  used a r e  i o n i z a t i o n  
c r o s s - s e c t i o n  types  t h a t  are s u s c e p t i b l e  t o  i o n i z i n g  r a d i a t i o n .  
The re fo re ,  s h i e l d i n g  from RTG r a d i a t i o n  i s  n e c e s s a r y ,  u n l e s s  
a n o t h e r  t ype  of d e t e c t o r  i s  used.  

Development s t a t u s .  - Development by Melpar appea r s  t o  have 
been d i s c o n t i n u e d  on t h i s  p a r t i c u l a r  i n s t rumen t .  

G a s  Chromatograph Development a t  J P L  

JPL appea r s  t o  be t h e  only  NASA c e n t e r  a c t i v e l y  engaged i n  
developing  gas  chromatography f o r  space  e x p l o r a t i o n .  The t ech-  
n i q u e s  of micro g a s  chromatography ( r e f .  100) a re  be ing  used t o  
deve lop  impact hardened (-10 000 g) and s t e r i l i z a b l e  gas  chromato- 
g raph  components. Work i s  a l s o  aimed a t  developing  a gas  chro-  
matograph f o r  use  i n  a p y r o l y s i s / g a s  chromatograph/mass spectrom- 
e ter  system f o r  d e t e c t i o n  of l i f e - r e l a t e d  compounds. The emphasis 
i s  on components r a t h e r  t han  a complete system. However, t h e s e  
components could  e a s i l y  be assembled i n t o  a workable system once 
a s p e c i f i c  a p p l i c a t i o n  p r e s e n t s  i t s e l f .  

Without going i n t o  d e t a i l ,  i t  can be  s t a t e d  t h a t  development 
of  g a s  chromatograph components i s  w e l l  underway ( r e f s .  104 t h r u  
106) and t h a t  t h e s e  components could be assembled i n t o  a working 
sys tem f o r  u s e  on a Cytherean buoyant s t a t i o n .  The i d e a l  system 
would be a combinat ion p y r o l y s i s / g a s  chromatographlmass spectrom- 
e t e r  f o r  a tmosphe r i c ,  c loud ,  and d u s t  composi t ion and f o r  d e t e c t -  
i n g  l i f e - r e l a t e d  compounds. Such a system might weigh about  15 
l b  and r e q u i r e  10 t o  15 W of power. 
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Ana lys i s  by a - P a r t i c l e  S c a t t e r i n g  

Th i s  i n s t rumen t  has  been proposed by JPL t o  measure t h e  t h r e e  
suspec ted  major components (A,  N 2 ,  and C02) o f  t h e  Mar t i an  atmos- 

phere  ( r e f s .  9 1  and 107) .  N I 4  i s  d e t e c t e d  by obse rv ing  p ro tons  
produced by a - p a r t i c l e  bombardment: 

+ lP1 
4 17 N I 4  + a -b 0 7 2 8 

C I 2  ( i n  COP) and A40 can be measured by obse rv ing  180' Coulomb 

b a c k s c a t t e r i n g  of t h e  a- p a r t i c l e s :  

2 
- 

ES - Eo (2-3) 
where 

ES = energy o f  b a c k s c a t t e r e d  a 

E = i nc idence  energy  of a 
0 

A = mass number of t a r g e t  nuc leus  (CI2 o r  A4') 

The expe r imen ta l  arrangement  i s  shown i n  f i g u r e  36.  Redundant 

l6 (in C02) measurements can  a l s o  be made w i t h  N (in N2) and 0 

t h e  a l p h a - p a r t i c l e  d e t e c t o r .  

14 

P h y s i c a l  c h a r a c t e r i s t i c s .  - Pre l imina ry  estimates of weight  
and power a l l o c a t i o n s  are  g iven  i n  Table 22. 
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Analog c i r c u i t s  

D i g i t a l  c i r c u i t s  and sequencing 

Power supply  

E l e c t r o n i c s  

240 .5 

23 5 1 .o 
360 .5 

F igu re  3 6 .  - Layout of Source,  Sample, and Detectors 

Mounting f o r  sou rce  and d e t e c t o r s  

T o t a l  

TABLE 2 2 .  - PRELIMINARY WEIGHT AND POWER 
ALLOCATION ESTIMATES 

.5  

83 5 2 .5  

Uni t  Power, MW Weight, l b  
I I 

Opera t iona l  r equ i r emen t s .  - See Table  22 f o r  power r e q u i r e -  
ments .  S i x  b i t  accu racy  from each  of 5 channels  (C, A,  N ,  0 a 
d e t e c t o r  and N p ro ton  d e t e c t o r ) .  Reference  107 d i s c u s s e s  t h e  
d a t a  hand l ing  i n  d e t a i l .  

Opera t iona l  l i m i t a t i o n s .  - The ins t rument  and sample must be 
p r o t e c t e d  from RTG r a d i a t i o n  and cosmic r a y  and s o l a r  p ro ton  back- 
ground.  
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Development s t a t u s .  - A breadboard model of t h e  experiment  w a s  
be ing  assembled i n  1 9 6 4 ,  bu t  p r e s e n t  s t a t u s  i s  unknown. 

Kryptonate  D e t e c t o r s  

I n  t h i s  t ype  of composi t ion d e t e c t o r ,  r a d i o a c t i v e  k ryp ton  

(Kr85) i s  imbedded i n  a s o l i d  t h a t  r e a c t s  w i t h  t h e  gas  t o  be de-  
t e c t e d .  The e r o s i o n  of t h e  s u r f a c e  of t h e  s o l i d  by t h e  r e a c t i o n  

a l lows  t h e  p r e v i o u s l y  bound K r  t o  escape .  Thus, a measurement 
of t h e  r a d i a t i o n  l e v e l  ( 0 . 6 7  MeV b e t a s )  from t h e  s o l i d  i s  a meas- 
u r e  of t h e  r e a c t i o n  rate  of t h e  gas  w i t h  t h e  s o l i d .  Gases such 
a s  ozone,  s u l f u r  d i o x i d e ,  hydrogen s u l f i d e ,  have been d e t e c t e d  
u s i n g  t h i s  method. 
by Pa rame t r i c s ,  I n c . ,  f o r  J P L  ( r e f s .  108 and 1 0 9 ) .  However, t h e  
c h a r a c t e r i s t i c s  of t h e  ins t rument  a r e  p r e s e n t l y  unknown. 
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A k r y p t o n a t e  oxygen d e t e c t o r  h a s  been s t u d i e d  

S i n g l e  Gas D e t e c t o r s  

Many t y p e s  of s i n g l e  gas  d e t e c t o r s  a re  be ing  s t u d i e d  (see 
r e f .  110) f o r  u se  i n  t h e  Mar t ian  atmosphere.  These u s u a l l y  r e l y  
on some p rope r ty  o r  e f f e c t  (not  always unique)  of  t h e  g a s  be ing  
sought  f o r  t h e i r  o p e r a t i o n .  Such methods a r e  no t  s u i t a b l e  f o r  
a n a l y s i s  of  a n  unknown atmosphere of w ide ly  va ry ing  p o s s i b l e  com- 
p o s i t i o n ,  a t  l eas t  n o t  i n  t h e  e a r l y  s t a g e s  of e x p l o r a t i o n .  They 
a re ,  however, ve ry  s u i t a b l e  f o r  use  as a u x i l i a r y  experiments  t o  
conf i rm a n  a n a l y s i s  by m a s s  spec t rometry  o r  gas  chromatography. 
The c h a r a c t e r i s t i c s  of s e v e r a l  ( r e f .  111) of t h e s e  s i n g l e  gas  de-  
t e c t o r s  are g iven  i n  t a b l e  2 3 .  

TABLE 23.  - SUMMARY OF COMPOSITION INSTRUMENTS 

Ins t rument  

Quadrupole mass spec t rometer  
Double f o c u s i n g  magnetic  MS 
Surveyor- type GC 
Melpar- type GC 
Pyr o 1 y s i  s /GC /MS (J PL) 
a - p a r t i c l e  s c a t t e r i n g  
Hz 0 
02 
02 
A 
Nz 
co2 

Weight,  l b  

10 
10 
14 
5 

15 
2 .5  
1.5 
1.5 
1.5 
1.5 
1.0  
1 .o 

Power , W 

15 
15 t o  20 
7 2  peak (24 Wh) 
4 
10 t o  15 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
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S p e c t r a l  r e g i o n  

Weight ,  l b  

Power, W 

The o n l y  in fo rma t ion  on A and N2 d e t e c t o r s  found i n  t h e  
l i t e r a t u r e  ( r e f .  150) l i s t s  o n l y  t h e  e s t ima ted  we igh t s  and 
powers g iven  i n  t a b l e  23. Nothing i s  known of t h e  development 
s t a t u s  o f  t h e s e  i n s t r u m e n t s .  

V i s i b l e  uv Near I R  

.2 oz 4- .6 oz  each  1.75 2 

.3 1 .5  2 

Absorpt ion  Photometry 

S o l a r  p o i n t i n g  photometers  w i t h  a p p r o p r i a t e  f i l t e r s  could  be  
used t o  de t e rmine  t h e  a tmospher ic  t r a n s m i s s i o n  as a f u n c t i o n  of 
a l t i t u d e  and ,  hence,  t h e  composi t ion  and c loud s t r u c t u r e .  The 
f i l t e r s  should  be s e l e c t e d  t o  pass  r a d i a t i o n  i n  t h e  a b s o r p t i o n  
bands of CO2, &O, 03, and 02 and a t  one o r  two wavelengths o u t -  
s i d e  t h e  a b s o r p t i o n  bands.  A s t u d y  of t h e  con t inuous  a b s o r p t i o n  
i n  t h e  nea r  u l t r a v i o l e t  would g i v e  in fo rma t ion  on 
s c a t t e r i n g  p r o p e r t i e s  of  t h e  gtmosphere.  S i i i c o n  d e t e c t o r s  could 
be used f o r  t h e  r e g i o n  The near: i n f r a r e d  
t o  3 p could  be covered by a PbS d e t e c t o r ;  PbSe (cooled)  could  be 
used t o  about  6 p. P h o t o m u l t i p l i e r s  a r e  n e c e s s a r y  f o r  t h e  u l t r a -  
v i o l e t .  Table  24 l i s t s  t h e  e s t ima ted  c h a r a c t e r i s t i c s  of photom- 
e ters  i n  t h e  t h r e e  s p e c t r a l  r e g i o n s .  

(A 5 4000 1) 
4000 A ,< A ,< 10 000 A .  

TABLE 24. - FILTER PHOTOMETERS 

The l i g h t  weight  of t h e  s i l i c o n  d e t e c t o r s  pe rmi t s  ve ry  good 
coverage  of t h e  v i s i b l e  r e g i o n .  Twenty d e t e c t o r s  w i t h  i n t e g r a l  
f i l t e r s  and e l e c t r o n i c a l l y  swi tched  sampling would weigh o n l y  
20 x 0.6 oz  4- 2 oz  = 14 o z  and r e q u i r e  0.3 W .  
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CLOUD COMPOSITION 

OBJECTIVES 

A t  p r e s e n t ,  t h e r e  are s t r o n g  i n d i c a t i o n s  t h a t  t h e  c louds ,  o r  
a t  l e a s t  t h e  upper l a y e r s ,  a r e  composed of i c e  c r y s t a l s .  However, 
because o f  t h e  h i g h  s u r f a c e  tempera tures  and p r e s s u r e s ,  i t  i s  
p o s s i b l e  t h a t  t h e  lower c louds  may be composed of e x o t i c  compounds. 
The a n a l y s i s  of  such compounds would r e q u i r e  a gas chromatograph 
o r  mass spec t rome te r .  Other  exper iments  such as an  I R  s p e c t r o-  
meter  o r  a wa te r  vapor s enso r  a r e  a l s o  p o s s i b i l i t i e s .  

The primary o b j e c t i v e  i s  t o  de termine  t h e  composi t ion o f  t h e  
upper c l o u d s .  The composi t ion  of  t h e  lower c louds  a s  a f u n c t i o n  
o f  a l t i t u d e ,  t empera tu re ,  and p r e s s u r e  i s  a secondary o b j e c t i v e .  

EXPERIMENTS/ INSTRUMENTS 

The i n s t r u m e n t a t i o n  f o r  de termining  composi t ion has  been d i s -  
cussed i n  t h e  p rev ious  s e c t i o n .  A cloud sampling and d e l i v e r y  
system must be developed.  
l e c t i n g  a cloud sample  and p r e s e n t i n g  i t  i n  gaseous form t o  a gas  
chromatograph. The same system could be used f o r  c o l l e c t i n g  d u s t  
p a r t i c l e s ,  b i o t a ,  o r  condensable g a s e s .  Such a system might  
weigh about  2 t o  4 l b s  and r e q u i r e  l e s s  than  10 W .  

F igure  37 shows one concept  f o r  c o l -  

To gas chromatograph 

I 

From p a r a l l e l  f i l t e r s  

I 
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There a r e  two major problem a r e a s  i n  d e s i g n i n g  a system t o  
p r e s e n t  cloud samples t o  an  ana lyz ing  in s t rumen t .  The f i r s t  i s  
t h e  s e p a r a t i o n  o f  t h e  sample i n  t h e  form of  p a r t i c u l a t e s  ( e .g . ,  
s o l i d i f i e d  g a s e s ,  d u s t )  o r  l i q u i d  d r o p l e t s  from t h e  atmosphere. 
The second i s  t h e  c o n c e n t r a t i o n  and convers ion  o f  t h e  sample  i n t o  
a form s u i t a b l e  f o r  a n a l y s i s .  

The c o l l e c t i o n  o f  s o l i d  p a r t i c u l a t e s  can be accomplished w i t h  
f i l t e r s  and blowers o r  e l e c t r o s t a t i c  p r e c i p i t a t o r s  ( r e f .  1 1 2 ) .  
The c o l l e c t i o n  of l i q u i d  d r o p l e t s  i s  somewhat more d i f f i c u l t  and 
w i l l  r e q u i r e  a f i l t e r  s i m i l a r  t o  a chromatograph column. 

Af t e r  t h e  sample i s  c o l l e c t e d  i t  must be p re sen ted  t o  t h e  
ana lyz ing  in s t rumen t  i n  a s u i t a b l e  form and c o n c e n t r a t i o n .  The 
s o l i d i f i e d  gas  p a r t i c l e s  and l i q u i d  d r o p l e t s  can be vapor ized  
e a s i l y  and p re sen ted  t o  a gas  chromatograph o r  mass spec t rome te r  
f o r  a n a l y s i s .  The d u s t  p a r t i c l e s  ( e . g . ,  q u a r t z )  a r e  no t  s o  e a s i l y  
vapor ized  and may r e q u i r e  "wet" chemical a n a l y s i s .  In s t rumen t s  
s imilar  t o  t hose  proposed f o r  l una r  s u r f a c e  a n a l y s i s  ( e . g . ,  X-ray 
d i f f r a c t o m e t e r ,  a lpha  s c a t t e r i n g ,  o r  neu t ron  a c t i v a t i o n )  a r e  a l s o  
p o s s i b i l i t i e s ,  Another method would be t o  examine t h e  p a r t i c u -  
l a t e s  w i t h  a p e t r o g r a p h i c  v i d i c o n  microscope a s  d i scussed  i n  t h e  
nex t  s e c  t i o n ,  

EXOBIOLOGY 

OBJECTIVES 

While t h e  e l u c i d a t i o n  of t he  o r i g i n  and e v o l u t i o n  of  l i f e  
should be accorded t h e  h i g h e s t  p r i o r i t y  i n  t h e  o v e r a l l  e x p l o r a -  
t i o n  of t h e  s o l a r  system, a sys t ema t i c  i n v e s t i g a t i o n  of  l i f e  on 
Venus cannot  be conducted i n t e l l i g e n t l y  u n t i l  more i s  known of  
t h e  environmental  c o n d i t i o n s  e x i s t i n g  below t h e  Cytherean  c louds .  
Indeed t h e  d e t e r m i n a t i o n  of  t h e  phys i ca l  and chemical  c o n d i t i o n s  
o f  t h e  Cytherean atmosphere and s u r f a c e  as a p o t e n t i a l  env i ron-  
ment f o r  l i f e  should  be t h e  f i r s t  s t e p  i n  a s y s t e m a t i c  b i o l o g i c a l  
i n v e s t i g a t i o n  ( r e f .  113) .  Also, s i n c e  t h e  r e l u c t a n c e  t o  a s s i g n  
h igh  p r i o r i t y  t o  t h e  b i o l o g i c a l  e x p l o r a t i o n  of Venus i s  based 
mainly on t h e  a p p a r e n t l y  h igh  s u r f a c e  tempera tures  and t h e  un- 
c e r t a i n t y  i n  our  knowledge of t h e  environment below t h e  cloud 
t o p s ,  an e l u c i d a t i o n  of  t h e s e  f a c t o r s  might  comple te ly  a l t e r  t h e  
b e l i e f  t h a t  Mars i s  a more l i k e l y  abode f o r  l i f e  t han  Venus. 
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Other goals of a biological exploration of Venus are (ref. 113): 

1) Determination of whether life is or has been present 

2) Characterization of that life, if present; 

3) Investigation of the pattern of chemical evolution, 

on Venus; 

in the absence of life. 

The realization of these goals is heavily dependent on a 
definition of the attributes of life and an understanding of the 
living state, as well as a knowledge of the Cytherean environ- 
ment, The problem of describing life so that tests and experi- 
ments can be devised to search for extraterrestrial life is dis- 
cussed in references 113 thru 115. 

The dominant fact remains that no single life detection ex- 
periment or criterion can satisfactorily demonstrate the nonex- 
istence or characterize the existence of extraterrestrial life. 
Unequivocal conclusions can only be formulated through the use 
of an automated biological laboratory -- the concept of which is 
not yet fully defined but is discussed in the references. 

Thus, the systematic conduct of biological explorations and 
the intelligent design of experiments for such investigations re- 
quires some preknowledge of what is being sought and of the pre- 
vailing environmental conditions. Because of the uncertainties 
in the present knowledge of the Cytherean environment and of the 
possible life forms that might exist on Venus, it is proposed that 
the biological exploration of Venus be conducted (at least in the 
early stages) with the following specific goals: 

1) Determination of the physical and chemical conditions 
of the Cytherean atmosphere and surface as a poten- 
tial environment for life; 

2) Determination of the organic composition of the at- 
mosphere and of any dust present in the atmosphere 
and clouds; 

Search for actual biota that may exist suspended in 
the atmosphere or attached to dust suspended in the 
atmosphere through the use of one or more experiments 
such as a vidicon microscope, a Gulliver growth ex- 
periment, or a Multivator experiment. 

3) 

This last goal is accorded lowest priority f o r  an early mission. 
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EXPERIMENTS/INSTRUMENTS 

Determination of Environment 

The experiments and instruments for determining the Cytherean 
environment are discussed in other sections of this report. Some 
environmental measurements that are relevant to the existence of 
life are: 

1) Atmospheric and surface temperatures; 

2 )  Pressure; 

3 )  Major and minor atmospheric constituents, expecially 

4 )  Light levels as a function of altitude and wavelength, 

5) Location of temperate zones on the surface. 

organics ; 

expecially in the uv; 

Presence of Organic Compounds 

Instrumentation for analyzing the organic content of the at- 
mosphere and clouds has been described in the section on atmos- 
pheric composition. A discussion of gas chromatography and mass 
spectrometry as techniques for exobiology is given in references 
116 and 117. 

Life Detection Experiments 

Many experiments have been proposed for the detection of ex- 
traterrestrial life or some manifestation of it. References 118 
and 119 describe several of these experiments. Two typical life 
detection experiments that could be used on the BVS are described 
below. 

Vidicon Microscope 

The vidicon microscope, focused on dust and aerosols collected 
from the atmosphere, could provide details on the specific form, 
size, symmetry, optical properties, surface features, pigmentation, 
and internal structure of any micro-organisms present. In addition, 
the microscope could be extended to carry out microspectrophotometry 
and microfluorometry. This instrument would be a valuable tool for 
the analysis of the aerosols and dust particles themselves. 
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F igure  38 shows a s i m p l e ,  f i x e d  focus ,  phase c o n t r a s t  micro-  
scope.  The in s t rumen t ,  developed a t  S tan fo rd  and JPL, observes  
a 100-p f i e l d  of  view w i t h  0.5 ~1 r e s o l u t i o n ,  which i s  imaged on 
t h e  f a c e  of  a v i d i c o n  t u b e .  Such an  in s t rumen t  might weigh be-  
tween 10 and 15 l b s  and r e q u i r e  5 t o  10 W. 

Aerosol 

i n  o u t  

$ . I  

L Impaction p l a t e  1- 6.66” A 
N o t e :  An a e r o s o l  f o r  c a r r y i n g  p a r t i c l e s  is  i n j e c t e d  i n t o  t h e  

i n s t rumen t  and i s  impacted on to  the impaction p l a t e  
through a nozz l e  implanted in t h e  consenser  l e n s .  The 
o b j e c t i v e  l e n s  and t h e  lamp a r e  f i xed  i n  r e l a t i o n  t o  
t h e  p lane  of focus .  The sample is c o l l e c t e d  through a 
gas-opera ted  a e r o s o l  a s p i r a t o r .  The ins t rument  ha s  no 
mechanical  moving p a r t s  ( r e f .  119) 

F i g u r e  38. - Abbreviated Microscope 

More complex in s t rumen t s  could  employ s p a t i a l  and s p e c t r a l  
scanning ,  au toma t i c  focus ing ,  changes i n  m a g n i f i c a t i o n ,  moving- 
t a p e  d u s t  c o l l e c t o r s ,  spec t rophotometry ,  and f luorometry  ( r e f .  
120) .  

A more v e r s a t i l e  i n s t rumen t  i s  d e s c r i b e d  i n  r e f e r e n c e s  1 2 1  
and 1 2 2 .  Th i s  s o- c a l l e d  pe t rog raph ic  microscope was developed 
a t  JPL f o r  remote o b s e r v a t i o n  of crushed Lunar rock samples. The 
ins t rument  could e a s i l y  be adapted f o r  obse rv ing  p a r t i c u l a t e  
m a t t e r  and any organisms c o l l e c t e d  from t h e  Cytherean atmosphere. 
The e s t i m a t e d  c h a r a c t e r i s t i c s  of  such an  in s t rumen t  a r e  g iven  
below. 
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P h y s i c a l  c h a r a c t e r i s t i c s .  - The microscope and sample h a n d l i n g  
subsystem would weigh between 5 t o  8 l b s  and could be packaged i n  
an  8x8x3-in.  box. The v i d i c o n  subsystem would weigh between 5 t o  
10 l b s  and would be con ta ined  i n  a c y l i n d e r  3 i n .  i n  d iamete r  by 
8 i n .  long.  The complete package would weigh about  10 t o  18 l b s .  

O p e r a t i o n a l  r equ i rements .  - The sample hand l ing  subsystem 
would r e q u i r e  about  40 W i n  40-msec p u l s e s  f o r  t h e  s t e p p i n g  motors ,  
8 W f o r  t h e  e n c a p s u l a t i o n  h e a t e r s ,  and 2 W f o r  t h e  l i g h t  s o u r c e .  
T o t a l  energy f o r  e n c a p s u l a t i n g  one sample and moving i t  i n t o  t h e  
f i e l d  of  view i s  about  2 Wh. Vidicon power i s  about  5 t o  8 W. 

For 200x200 element p i c t u r e s  w i t h  6 - b i t  p i c t u r e  e lements  
(64 l e v e l s )  t h e  t o t a l  d a t a  pe r  p i c t u r e  i s  about  255,000 b i t s  
i n c l u d i n g  s y n c h r o n i z a t i o n ,  i d e n t i f i c a t i o n ,  and o t h e r  d i a g n o s t i c  
d a t a .  A t o t a l  of  about  20 p i c t u r e s  pe r  sample i s  s a t i s f a c t o r y  
( 4  focus  l e v e l s  p e r  f i e l d  of  view, 5 f i e l d s  of  v iew) .  Th i s  g i v e s  
a t o t a l  of  5 .1  m i l l i o n  b i t s  pe r  s ample .  

The v i d i c o n  f a c e p l a t e  must be k e p t  below 40°C w h i l e  t a k i n g  and 
r e a d i n g  o f f  p i c t u r e s .  

O p e r a t i o n a l  l i m i t a t i o n s .  - The tremendous amount of d a t a  
genera ted  i s  a major l i m i t a t i o n  on the f e a s i b i l i t y  of  t h i s  i n -  
s t rument .  

Development s t a t u s ,  - The p e t r o g r a p h i c  microscope i s  be ing  
developed a t  JPL ( r e f s .  121  and 1 2 2 ) .  A v i d i c o n  microscope 
s u i t a b l e  f o r  obse rv ing  d u s t  p a r t i c l e s  and organisms could  be de-  
veloped u s i n g  t h e  same t e c h n i q u e s .  The d e s i g n  of  a sample c o l -  
l e c t i o n  and d e l i v e r y  system p r e s e n t s  t h e  main problem. 

Minimum B i o l o g i c a l  Laboratory  (MBL) 

Th i s  i n s t r u m e n t  i n c o r p o r a t e s  s e v e r a l  d i f f e r e n t  approaches t o  
l i f e  d e t e c t i o n ,  namely, metabolism and growth. The fo l lowing  e x-  
per iments  have been proposed ( r e f  123) f o r  i n t e g r a t i o n  i n t o  a 
s i n g l e  package: 

1) Metabolism o f  r a d i o a c t i v e  s u b s t r a t e s  and e v o l u t i o n  

2 )  D e t e c t i o n  of  p h o t o s y n t h e s i s ,  h e t e r o t r o p i c - a u t o t r o p i c  

3 )  D e t e c t i o n  of p h o t o s y n t h e s i s ,  a u t o t r o p i c  system; 

of  l a b e l e d  gases ;  

s ys  t em ; 
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4 )  F i r e f l y  b io luminescent  a s say  f o r  m i c r o b i a l  ATP; 

5 )  Metabol ic  uptake of  phosphorus; 

6 )  Metabol ic  uptake of  s u l f u r .  

A d e t a i l e d  d e s c r i p t i o n  of each  experiment  i s  g iven  i n  r e f e r e n c e  
123. The MBL r e q u i r e s  a s i z a b l e  sample of  d u s t .  T h i s  could  be 
c o l l e c t e d  by f i l t e r i n g  d u s t ,  a e r o s o l s ,  b i o t a ,  e t c . ,  o u t  of  t h e  
atmosphere over  a pe r iod  of days o r  weeks, F igu re  39 i s  a sche-  
ma t i c  o f  an MBL t aken  from r e f e r e n c e  123. S ince  t h e  experiment  
was proposed f o r  use on a Mars l a n d e r ,  s e v e r a l  experiments  a r e  
shown deployed on t h e  s u r f a c e .  However, t h e s e  exper iments  could 
be performed a s  we l l  on a s a m p l e  of  d u s t  c o l l e c t e d  from t h e  a t -  
mosphere. T e n t a t i v e  s p e c i f i c a t i o n s  f o r  t h e  in s t rumen t  ( e x c l u s i v e  
of  a sampling system) a r e  g iven  below. 

Phys i ca l  c h a r a c t e r i s t i c s .  - The in s t rumen t  package volume 
would be i n  1200 cu i n .  ( I l x l l x l O  i n . )  and would weigh 18 f 3 l b s .  

Opera t iona l  r equ i r emen t s .  - The ins t rument  r e q u i r e s  10 W maxi-  
mum power and 30 W a i n  t o t a l  energy f o r  o p e r a t i o n .  
power i s  necessa ry  t o  m a i n t a i n  c u l t u r e s  between 5 and 1 5 ° C .  Data 
i s  r ead  o u t  a t  0 ,  3, 10, 20,  30, and 100 h r  from 9 channels  a t  50 
b i t s / c h a n n e l  per r eadou t  f o r  a t o t a l  of  2700 b i t s ,  

Thermal c o n t r o l  

Development s t a t u s .  - *The MBL i s  merely a concept  a t  p r e s e n t  
bu t  t h e  development of  t h e  b i o l o g i c a l  t echn iques  i s  w e l l  underway 
a t  Hazel ton  L a b o r a t o r i e s ,  I n c . ,  and s e v e r a l  NASA r e s e a r c h  c e n t e r s ,  
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WINDS 

OBJECTIVES 

V i r t u a l l y  n o t h i n g  i s  known abou t  t h e  a tmospher ic  c i r c u l a t i o n  
of Venus. Wheel spoke markings observed i n  t h e  v i s i b l e  emanating 
from t h e  s u b s o l a r  p o i n t  have been i n t e r p r e t e d  t o  be caused  by  h igh  
a l t i t u d e  wind streams. Also,  o b s e r v a t i o n s  of t i m e  v a r i a b l e  I R  
t empera tu re s  sugges t  t h a t  t h e  c loud t o p s  a r e  i n  a s t a t e  of  t u r b u-  
l ence .  The development of l a r g e - s c a l e  t h e o r e t i c a l  c i r c u l a t i o n  
models has  y i e l d e d  mean wind v e l o c i t i e s  of from a f r a c t i o n  of 1 
cm/sec t o  8 m/sec. These s t u d i e s  r e v e a l  t h a t  t h e  gene ra l  c i r c u -  
l a t i o n  w i l l  be  i n  t h e  mer id iona l  d i r e c t i o n  from t h e  s u b s o l a r  
p o i n t  t o  t h e  a n t i s o l a r  p o i n t .  

The o b j e c t i v e  of t h e  wind experiment  i s  t o  measure t h e  mean 
wind v e l o c i t y  and d i r e c t i o n  a t  a l t i t u d e s  from above t h e  c l o u d  tops  
t o  t h e  s u r f a c e .  Such in fo rma t ion ,  a l t hough  l i m i t e d  i n  q u a n t i t y  
by t h e  g a t h e r i n g  c a p a b i l i t y  of only  one s t a t i o n ,  w i l l  c o n t r i b u t e  
toward unde r s t and ing  t h e  Cytherean c i r c u l a t i o n  and toward provid-  
i n g  d e s i g n  d a t a  € o r  f u t u r e  mis s ions .  

EXPERIMENT/INSTRUMENTS 

S e v e r a l  expe r imen ta l  approaches  ex is t  f o r  measuring wind param- 
e t e r s  from t h e  buoyant s t a t i o n  a s i d e  from t h e  t r a c k i n g  of t h e  s ta-  
t i o n  from t h e  o r b i t e r .  They are (1) u s e  of a radar- al t i tude- Dop-  
p le r- ve loc i ty- sys t em (RADVS) on t h e  buoyant s t a t i o n ,  (2) deploy-  
ment of  r a d a r  t a r g e t s  from t h e  s t a t i o n ,  and ( 3 )  deployment of a 
s p e c i a l  drop sonde from t h e  s t a t i o n .  

All of t h e s e  methods assume p o s i t i o n a l  knowledge of t h e  buoy- 
a n t  s t a t i o n  wi th  r e s p e c t  t o  p l a n e t a r y  c o o r d i n a t e s .  

Tracking  and P o s i t i o n  of t h e  S t a t i o n  

D e s c r i p t i o n .  - P o s i t i o n a l  t r a c k i n g  of t h e  buoyant s t a t i o n  from 
t h e  o r b i t e r  t o g e t h e r  w i t h  employment of RADVS equipment from t h e  
s t a t i o n  w i l l  p e rmi t  de t e rmina t ion  of mean wind v e l o c i t y  and pre-  
v a i l i n g  d i r e c t i o n  a t  t h e  s t a t i o n  a l t i t u d e .  O r b i t e r  p o s i t i o n  w i l l  
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be t r acked  from E a r t h  and become b e t t e r  de f ined  f o r  each o r b i t .  
The o r b i t e r  w i l l  i n t e r r o g a t e  a t ransponder  on t h e  s t a t i o n  t o  ob- 
t a i n  t h e  r ang ing  in format ion  neces sa ry  t o  determine the  s t a t i o n  
p o s i t i o n .  S ince  motion of t h e  s t a t i o n  w i l l  caused  by wind c i r c u -  
l a t i o n  a t  t h e  70 km a l t i t u d e ,  t r a c k i n g  d a t a  w i l l  d e s c r i b e  t h e  
g e n e r a l  d i r e c t i o n  of t h e  p r e v a i l i n g  winds.  

The RADVS equipment l o c a t e d  i n  t h e  s t a t i o n  w i l l  determine the  
s t a t i o n  a l t i t u d e  and v e l o c i t y .  The v e l o c i t y  components sensed 
are r e f e r e n c e d  t o  t h e  t h r e e  p r i n c i p a l  axes of t h e  s t a t i o n .  The 
r e s u l t a n t  v e l o c i t y  v e c t o r  may, t h e r e f o r e ,  be def ined .  However, 
i t s  d i r e c t i o n  r e l a t i v e  t o  p l a n e t  c o o r d i n a t e s  must be ob t a ined  
from t h e  above-mentioned s t a t i o n  t r a c k i n g  method. 

P h y s i c a l  c h a r a c t e r i s t i c s .  - The RADVS w i l l  weigh 50 l b  i nc lud-  
i n g  an t enna ,  It i s  a n t i c i p a t e d  t h a t  t h e  e l e c t r o n i c s  w i l l  r e q u i r e  
a 10xlOxlO-in. volume. The an tenna  ( s i n g l e ,  m u l t i f e e d  d i s h )  w i l l  
b e  about  3 f t  i n  d iameter .  

Ope ra t i ona l  requi rements .  - The RADVS equipment w i l l  o p e r a t e  
from t h e  s t a t i o n  28 vdc bus and r e q u i r e  100 W when o p e r a t i n g .  
Seve ra l  o p e r a t i o n  pe r iods  p e r  day of about  1 5  minutes  d u r a t i o n  
each are  a n t i c i p a t e d .  Seve ra l  minutes warmup f o r  t h e  k l y s t r o n  
w i l l  be r e q u i r e d .  I f  a system s tandby  mode proved necessary ,  a 
10-W power requirement  would e x i s t .  Otherwise t h e  equipment w i l l  
be  tu rned  comple te ly  o f f  when n o t  ope ra t i ng .  

No s p e c i a l  deployment w i l l  be  r e q u i r e d  f o r  t h e  RADVS equip-  
ment. The an t enna ,  of cou r se ,  must be mounted t o  have an  unim- 
peded view of t h e  s u r f a c e .  

Probably t h e  most s i g n i f i c a n t  environmental  c o n s i d e r a t i o n  
relates  t o  t h e  k l y s t r o n .  P r e s s u r i z a t i o n  f o r  t h i s  tube may be 
neces sa ry  a t  t h e  70 km a l t i t u d e  t o  p r even t  corona.  Also,  a f i x e d  
o p e r a t i n g  thermal  environment f o r  t h e  k l y s t r o n  of 145°C w i l l  b e  
necessary .  The r e q u i r e d  o p e r a t i n g  thermal  environment f o r  t h e  
o t h e r  e l e c t r o n i c s  w i l l  be 0 t o  55°C .  

The s i g n a l  ou tpu t  of t h e  RADVS w i l l  be  4 d i g i t a l  words of 7 
b i t s  each f o r  eve ry  measurement. Three of t h e  words w i l l  be t h e  
d i g i t i z e d  frequency coun t  of t h e  t h r e e  v e l o c i t y  components wh i l e  
t h e  14 word w i l l  r e f l e c t  a l t i t u d e .  F i f t e e n  measurements a t  1- 
min i n t e r v a l s  are expected f o r  each duty c y c l e  r e s u l t i n g  i n  a 
t o t a l  of 420 b i t s .  Add i t i ona l  housekeeping d a t a  b i t s  w i l l  be 
neces sa ry  t o  monitor  s t a t u s  of t h e  equipment. 
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O p e r a t i o n a l  l i m i t a t i o n s .  - The d a t a  ga the red  on Cytherean a t -  
mospheric c i r c u l a t i o n  by t h i s  experiment  would be l i m i t e d  by t h e  
use of a s i n g l e ,  p a s s i v e  mon i to r ing  p o i n t  ( t he  buoyant s t a t i o n )  
a t  a f i x e d  a l t i t u d e .  This  l i m i t a t i o n  can  be l e s sened  by c y c l i n g  
t h e  s t a t i o n  t o  lower a l t i t u d e s .  Also, t h e  system weight  and power 
requi rements  are q u i t e  l a r g e  f o r  o p e r a t i o n  a t  a 70 km a l t i t u d e ,  
Such a system i s  r e l a t i v e l y  independent  of v a r i a t i o n s  i n  s u r f a c e  
f e a t u r e s  a l t hough  some b i a s  e r r o r  would b e  i n t roduced .  

Good t i m e  c o r r e l a t i o n  between t i m e  of s t a t i o n  t r a c k  and t i m e  
of exper iment  du ty  c y c l e  w i l l  be neces sa ry .  

Development s t a t u s .  - The RADVS was developed f o r  t h e  Surveyor 
program by Ryan. 
Cons iderab le  development i s  a n t i c i p a t e d  t o  enab l e  i t s  use  a t  a 70 
km a l t i t u d e .  

It was employed s u c c e s s f u l l y  a t  - 1 2  km a l t i t u d e .  

S p e c i a l  Drop Sondes 

D e s c r i p t i o n .  - The deployment of one o r  more drop sondes from 
t h e  BVS a t  s e v e r a l  p o i n t s  a long  i t s  pa th  w i l l  be a d i r e c t ,  r e l i a -  
b l e  method f o r  conduc t ing  a wind v e l o c i t y  experiment .  This  experi- 
ment method w i l l  y i e l d  measurements of t h e  h o r i z o n t a l  accelera- 
t i o n  components produced by wind f o r c e s  a c t i n g  on the  probe.  Also ,  
cor responding  a l t i t u d e  measurements w i l l  be taken  a t  known times 
t o g e t h e r  w i t h  az imutha l  o r i e n t a t i o n  d a t a .  

The drop sonde w i l l  be  con f igu red  as a c y l i n d r i c a l  body hav- 
i n g  a s p h e r i c a l  nose and e i t h e r  a f l a r e d  a f t e r b o d y  o r  parachute .  
A sonde hav ing  b a l l i s t i c  c o e f f i c i e n t  of 1.0 w i l l  r each  t h e  s u r f a c e  
from 70 km i n  about  24 min assuming t h e  mean a tmospher ic  d e n s i t y .  

The sonde w i l l  i n c l u d e  two acce l e rome te r s  f o r  measuring t h e  
h o r i z o n t a l  wind- induced a c c e l e r a t i o n  components a long  t h e  two 
p r i n c i p a l  t r a n s v e r s e  axes. A th ree- axes  a l t i t u d e  gyro w i l l  pro-  
v i d e  az imutha l  o r i e n t a t i o n  d a t a  and w i l l  be  i n i t i a l i z e d  w i t h  r e f -  
erence  t o  t h e  buoyant s t a t i o n  c o o r d i n a t e s .  (It i s  assumed t h a t  
s t a t i o n  c o o r d i n a t e s  w i l l  be  known wi th  r e s p e c t  t o  p l a n e t a r y  co-  
o r d i n a t e s . )  A l t i t u d e  s e n s i n g  v i a  a r a d a r  a l t imeter  f o r  a small 
sonde such as t h i s  would be i m p r a c t i c a l  from a weight ,  s i z e ,  and 
power s t a n d p o i n t .  Therefore ,  s t a t i c  p r e s s u r e  measurements w i l l  
b e  t aken  under  t h e  assumption t h a t  o t h e r  exper imenta l  d a t a  w i l l  
i d e n t i f y  t h e  p r e s s u r e - a l t i t u d e  p r o f i l e  f o r  t h e  Cytherean atmos- 
phere .  
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The knowledge of h o r i z o n t a l  a c c e l e r a t i o n  and t h e  v e r t i c a l  
v e l o c i t y  component w i l l  pe rmi t  c a l c u l a t i o n  of wind s h e a r  v s  a l t i -  
tude .  To i n t e g r a t e  wind v e l o c i t y  from t h e  measured wind accelera- 
t i o n ,  t h e  i n i t i a l  t r a n s v e r s e  v e l o c i t y  of t h e  sonde must b e  known. 
It i s  assumed t h e s e  d a t a  can  be  ob ta ined  from e i t h e r  o r b i t e r - s t a -  
t i o n  t r a c k i n g  d a t a  o r  RADVS equipment on t h e  buoyant s t a t i o n .  

P h y s i c a l  c h a r a c t e r i s t i c s .  - Each drop  sonde w i l l  b e  a c y l i n -  
d r i c a l  p r o j e c t i l e  having  a s p h e r i c a l  nose  and e i t h e r  a f l a r e d  
a f t e r b o d y  o r  pa rachu te .  The nose  d iameter  w i l l  be about  6.5 i n .  
and t h e  sonde,  i n c l u d i n g  f l a r e d  d rag  s u r f a c e ,  w i l l  b e  18 i n .  long.  
The sonde w i l l  weigh approximate ly  7.5 l b .  

Opera t iona l  requi rements .  - The sonde w i l l  be powered from 
i n t e r n a l  b a t t e r i e s  and r e q u i r e  about 8 W du r ing  a 25-min o p e r a t -  
i n g  descen t  p e r i o d .  

The sondes w i l l  be deployed from t h e  buoyant s t a t i o n  a t  d i f -  

E j e c t i o n  of t h e  drag  device  o r  t h e  parachute  may 
f e r e n t ,  s e l e c t e d  p o i n t s  a long i t s  p a t h  w i t h  a ze ro  v e r t i c a l  v e l o c-  
i t y  component. 
be employed t o  s h o r t e n  descen t  t ime (from 30 km t o  s u r f a c e )  i f  
e x c e s s i v e  h e a t i n g  i s  sensed .  

The o u t p u t  of t h e  sonde in s t rumen t s  w i l l  b e  conve r t ed  t o  7-  
b i t  d a t a  words. The t o t a l  b i t  accumulat ion f o r  each measurement 
w i l l  be : 

( 2 )  acce l e romete r s  (2 axes)  . . 14 b i t s  

(1) p r e s s u r e  senso r  . . . . . . 7 b i t s  

(1) a t t i t u d e  gyro  (3  axes )  . . 2 b i t s  

T o t a l  42 b i t s  measurement 

A t  a measurement r a t e  of  e v e r y  10 sec dur ing  descen t ,  - 6000 b i t s  
w i l l  be  accumulated from e a c h  sonde. 

The sondes w i l l  r e q u i r e  thermal  c o n t r o l  d u r i n g  d e s c e n t  s o  t h a t  
h igh  a tmospher ic  tempera tures  n e a r  t h e  s u r f a c e  w i l l  n o t  cause  ex- 
cessive tempera ture  l e v e l s  f o r  t h e  in s t rumen t s .  An o p e r a t i n g  
thermal  environment f o r  t h e  in s t rumen t s  of 0 t o  55°C w i l l  b e  re- 
q u i r e d .  

O p e r a t i o n a l  l i m i t a t i o n s .  - The accuracy  t o  which t h e  d i r e c t i o n  
of wind-induced a c c e l e r a t i o n s  can be  determined w i l l  r e l y  on t h e  
accuracy  t o  which buoyant s t a t i o n  c o o r d i n a t e s  can be r e f e r e n c e d  
t o  p l a n e t a r y  c o o r d i n a t e s .  Also,  a n  a c c u r a t e  i n t e g r a t i o n  of  wind 

107 



APPENDIX B 

v e l o c i t y  from a c c e l e r a t i o n  measurements w i l l  r e q u i r e  a c c u r a t e  de-  
t e r m i n a t i o n  of  t h e  i n i t i a l  t r a n s v e r s e  v e l o c i t y  of t h e  sonde ( i , e ,  
t h e  s t a t i o n  t r a n s v e r s e  v e l o c i t y ) ,  F u r t h e r ,  t h e  r e l a t i v e l y  h igh  
v e l o c i t i e s  expe r i enced  from 70 t o  50 km (up t o  235 m/sec) may 
p r o h i b i t  s e n s i n g  of  t h e  e x i s t i n g  wind s h e a r  f o r c e s .  

Development s t a t u s .  - Development e f f o r t  i s  a n t i c i p a t e d  t o  
evolve  a n  adequa te  thermal  c o n t r o l  system f o r  t h e  sondes .  

MAGNETIC FIELDS 

OBJECTIVES 

The o b j e c t i v e  of t h e  magnetic  f i e l d  experiment  i s  t o  e s t a b l i s h  
whether  a Cytherean  magnetic  f i e l d  e x i s t s ,  and i f  s o ,  determine  
magnitude,  d i r e c t i o n ,  m u l t i p o l a r i t y ,  and o r i e n t a t i o n  of  t h e  mag- 
n e t i c  f i e l d .  Determining t h e  e x i s t e n c e  and c h a r a c t e r i s t i c s  of a 
Cytherean magnetic  f i e l d  w i l l  b e  impor t an t  f o r  t h e  s t u d y  of  t h e  
p l a n e t ' s  i n t e r i o r  s t r u c t u r e  and f o r  v a r i o u s  c h a r a c t e r i s t i c s  of 
t h e  p l a n e t  such as r a d i a t i o n  zones.  These measurements might 
a l s o  a l l o w  some c o n c l u s i o n s  abou t  magnetic  c h a r a c t e r i s t i c s  of 
t h e  p l a n e t ' s  s u r f a c e .  

Because t h e  i n t e n s i t y  of F of t h e  magnetic  d i p o l e  f i e l d  de-  
c r e a s e s  roughly  wi th  t h e  t h i r d  power of t he  r a t i o  of p l a n e t  r a d i u s  
a t o  t h e  d i s t a n c e  r between p l a n e t  c e n t e r  and p o i n t  of measure- 

ment 
(1-3 h / a )K] ,  a d e c r e a s e  i n  magnetic  f i e l d  i n t e n s i t y  of approxi-  
ma te ly  0.05% pe r  a l t i t u d e  i n c r e a s e  of 1 km i s  expected .  There-  
f o r e ,  t h e  magnetic  f i e l d  i n t e n s i t y  a t  100 km a l t i t u d e  should be 
about 95% of  t h e  s u r f a c e  i n t e n s i t y .  T h i s  shows t h a t  ba l loon-  
borne measurements a r e  r e p r e s e n t a t i v e  of t h e  s u r f a c e  magnetic  f i e l d .  

[F = K ( a / r ) 3  o r  f o r  r = a + h and h << a ,  w e  o b t a i n  F 2 

During t h e  Venus f l y b y ,  Mariner  I1 w a s  as c l o s e  a s  35,000 km 
t o  t h e  p l a n e t .  But no magnetic  f i e l d  a t t r i b u t a b l e  t o  Venus w a s  
d e t e c t e d .  This  i m p l i e s  t h a t  t h e  magnetic  d i p o l e  moment of Venus 
i s  less than  1/10 t o  1 /20  of  t h e  E a r t h ' s .  The i n t e n s i t y  of t h e  
E a r t h ' s  magnetic  f i e l d  v a r i e s  between 0 .7  and 0 .25  G .  Therefore ,  

5 a magnetometer range  of abou t  10 000 gamma (1 G = 10 gamma) i s  
sugges ted  f o r  t h e  ba l loonborne  Cytherean  measurements. 
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EXPERIMENTS/INSTRUMENTS 

The c h a r a c t e r i s t i c s  of s e v e r a l  types  of s p a c e- q u a l i f i e d  mag- 
ne tometers  are g iven  i n  t a b l e  25. 

TABLE 25. 

In s t rumen t  

Search c o i l  magne- 
tome ter 

F l u x  g a t e  magnetom- 
eter  

Pro ton  p reces s ion  
magnetometer 

Rubidium-vapor 
m a  gn e tome t e r 

T r  i ax i a l  hel ium 
magnetometer 

- TYPICAL MAGNETOMETER CHARACTERISTICS 

Weight , 
l b  

3.4 t o  
5.8 

3.1 

5.5 

Average Opera t ing  

gammas 

I ' 0 * 5  

> 7000 t o  
100 000 

(nul  1 ing )  

Spacec ra f t  
car r y ing  

i n s t rumen t  
type  

P ionee r  5, 

Mariner  2 ,  

Pioneer  6,  
Exp lo re r s  
6 and 1 2  

Vanguard 3 

IMP, 

Ranger 1, 
IMP 

Mariner  4 

The h i s t o r y  of space magnetometry i s  w e l l  documented ( r e f s  1 2 4  
t h r u  135), and no problems are  fo r seen  i n  developing a magnetom- 
e ter  f o r  u se  on a BVS. However, t he  u t i l i t y  of magnetic measure- 
ments from a BVS, a t  l eas t  i n  t h e  i n i t i a l  e x p l o r a t i o n  of Venus, 
i s  somewhat doub t fu l .  Magnetic measurements of Venus w i l l  be  more 
u s e f u l  i f  made from an  o r b i t e r .  
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ELECTRICAL DISCHARGES 

OB JEC TIVES 

With in  t h e  E a r t h ' s  a tmosphere,  l i g h t n i n g  i s  a secondary phenom- 
enon. That i s ,  i t  i s  a m a n i f e s t a t i o n  of c e r t a i n  primary mechanisms 
w i t h i n  t h e  E a r t h ' s  meteorology,  c l ima to logy ,  and geophys ics .  The 
same g e n e r a l i t y  must be  assumed v a l i d  f o r  l i g h t n i n g  i n  t h e  Cyther-  
ean atmosphere.  Experiments t o  d e t e c t  and measure l i g h t n i n g  from 
t h e  BVS should  be  q u i t e  secondary  t o  such d i r e c t  a tmospher ic  e x p e r i -  
ments as measurement of p r e s s u r e ,  tempera ture ,  and composi t ion .  
The mechanism of t h e  E a r t h ' s  a tmospher ic  e l e c t r i c i t y  i s  r easonab ly  
w e l l  unders tood and s u b s t a n t i a t e d  w i t h  e m p i r i c a l  d a t a ,  However, 
s i g n i f i c a n t  gaps i n  t h e  unde r s t and ing  s t i l l  ex is t ,  such as  t h e  
manner i n  which t h e  cha rge  o r g a n i z a t i o n  w i t h i n  cumulonimbus c louds  
i s  formed. 

A l a r g e  amount of d a t a  has  been ga the red  i n  r e c e n t  y e a r s  per-  
t a i n i n g  t o  E a r t h  l i g h t n i n g  parameters  such as s t r o k e  d u r a t i o n ,  
ra te ,  l o c a t i o n ,  e tc .  These d a t a  have c o n t r i b u t e d  t o  i n c r e a s e d  
knowledge of t h e  E a r t h ' s  meteorology and to improved methods i n  
weather  f o r e c a s t i n g  and r a d i o  eng inee r ing .  However, t h i s  i n f o r -  
mation has  been ob ta ined  through h i g h l y  coord ina ted  experirnents 
u s i n g  complex t echn iques .  F u r t h e r ,  t h e  exper iments  have been con- 
ducted  i n  t h e  r e l a t i v e l y  well-known environments  of t h e  E a r t h ' s  
s u r f a c e  and  atmosphere. Performance o f  l i g h t n i n g  experiments  i n  
t h e  Cytherean atmosphere more s o p h i s t i c a t e d  than  t h e  b a s i c  de t ec-  
t i o n  of s t r o k e s  o r  measurement of t h e  e lec t r ic  f i e l d  g r a d i e n t  i s  
n o t  c o n s i d e r e d  f e a s i b l e  f o r  t h i s  miss ion .  

EXPERIMENTS/INSTRUMENTS 

Experimental  methods c o n s i d e r e d  f o r  d e t e c t i n g  l i g h t n i n g  s t r o k e  
occur rence  are:  (1) d e t e c t i o n  o f  s f e r i c s  and w h i s t l e r s  w i t h  r a d i o  
receivers, (2) d e t e c t i o n  of thunder  sound-pressure l e v e l s  w i t h  
microphones, (3) d e t e c t i o n  of v i s i b l e  l i g h t  energy  wi th  uv s e n s o r s ;  
and ( 4 )  measurement of t h e  a tmospher ic  e lec t r ic  f i e l d  g r a d i e n t  
u s i n g  a n  e l e c t r o m e t e r .  Obviously,  a l t hough  t h e s e  techniques  are  
f e a s i b l e  i n  t h e  E a r t h ' s  environment ,  t hey  might  f a i l  comple te ly  
i n  a Venus a p p l i c a t i o n .  
f i c i e n t  ampl i tude  and a t  f r e q u e n c i e s  as t o  t o t a l l y  obscure  s f e r i c s .  

S o l a r  and g a l a c t i c  n o i s e  might be of s u f -  

i 
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Thunder does n o t  always occur  w i t h  E a r t h  l i g h t n i n g  s t r o k e s  and 
t h e  same might w e l l  h o l d  t r u e  f o r  Venus. S u f f i c i e n t  uv l i g h t  
energy  from t h e  sun might  p e n e t r a t e  t h e  Cytherean atmosphere,  
making l i g h t n i n g  uv l i g h t  s e n s o r s  u s e l e s s .  Most a c c u r a t e  use  of 
a n  e l e c t r o m e t e r  would r e q u i r e  i t s  deployment v i a  r a d i o  sonde o r  
c a b l e  t o  a v o i d  d i s t o r t i o n s  i n  t h e  e lec t r ic  f i e l d  caused b y  t h e  
buoyant s t a t i o n .  To i n c r e a s e  t h e  p r o b a b i l i t y  of succes s ,  t h e  
l i g h t n i n g  d e t e c t i o n  experiment  should employ a t  least  s e v e r a l  of 
t h e  f o u r  methods under c o n s i d e r a t i o n ;  and s i n c e  t h e  buoyant s ta-  
t i o n  w i l l  be  i n  e q u i l i b r i u m  a t  70 km, a sonde t o  deploy t h e  i n -  
s t rumen t s  t o  lower a l t i t u d e s  should  b e  cons ide red .  

Very Low Frequency ( v l f )  Rece iver  

D e s c r i p t i o n .  - I n  t h e  mechanics of an  Ea r th  l i g h t n i n g  s t r o k e ,  
t h e  p r i n c i p a l  sou rce  of r a d i o  d i s t u r b a n c e  ( s f e r i c )  i s  t h e  r e t u r n  
s t r o k e ,  It exceeds t h e  s f e r i c  magnitude emanating from t h e  l e a d e r  
by abou t  a f a c t o r  of 10, and i s  about  0.0001 sec  i n  d u r a t i o n .  A l -  
though a s f e r i c  i s  d e t e c t a b l e  over  a broad band of f r e q u e n c i e s ,  
i t  i s  b e s t  moni tored f o r  t h e  d e t e c t i o n  of l i g h t n i n g  s t r o k e  occur-  
r ence  i n  t h e  3 t o  100 kc band. A ve ry  s i m p l e  v l f  r e c e i v e r  w i t h  a 
whip an tenna  c o u l d  monitor  s f e r i c s  caused  by l i g h t n i n g  s t r o k e s .  

I n  an  experiment  t o  monitor  s f e r i c s ,  a f u r t h e r  c o n s i d e r a t i o n  
would be t h e  d e t e c t i o n  of s o- c a l l e d  w h i s t l e r s .  The d e t e c t i o n  of 
w h i s t l e r s  i n  t h e  Venusian atmosphere cou ld  sugges t  t h e  presence  of 
an ionosphere .  The E a r t h  w h i s t l e r  i s  caused  by low-frequency 
s f e r i c  r a d i a t i o n s  be ing  r e f r a c t e d  by t h e  E a r t h ' s  ionosphere  back 
i n t o  t h e  a tmosphere.  The h ighe r  f r equenc i e s  (- 10 kc) arr ive a t  
t h e  E a r t h  ahead of t h e  lower f r e q u e n c i e s  (- 3 kc) and y i e l d  a 
c h a r a c t e r i s t i c  sound, d e c r e a s i n g  i n  p i t c h ,  a t  t he  moni tor ing  r a d i o  
r e c e i v e r .  W h i s t l e r s  a r e  d e t e c t e d  i n  t h e  hemisphere o p p o s i t e  t o  
t h a t  i n  which t h e  c a u s a t i v e  l i g h t n i n g  s t r o k e  has  occur red  as they  
a p p a r e n t l y  fo l l ow  a l i n e  of f o r c e  of t h e  E a r t h ' s  magnetic f i e l d .  

P h y s i c a l  c h a r a c t e r i s t i c s .  - A v l f  r e c e i v e r  and a s s o c i a t e d  
e l e c t r o n i c s  f o r  moni tor ing  s f e r i c s  and c o n d i t i o n i n g  d a t a  would 
weigh an e s t i m a t e d  3.5 l b  and occupy a dimensional  envelope of 
2 x 4 ~ 6  i n .  

O p e r a t i o n a l  c h a r a c t e r i s t i c s .  - The v l f  r e c e i v e r  would o p e r a t e  
on 28 vdc and r e q u i r e  2.0 W. 
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Deployment of a whip antenna  would be  r e q u i r e d .  The e x p e r i -  
ment should  b e  performed a t  a l t i t u d e s  below t h a t  of t h e  buoyant  
s ta  t i o n .  

S ince  t h e  purpose of t h i s  experiment  i s  o n l y  t o  d e t e c t  t h e  
l i g h t n i n g  s t r o k e  occur rence ,  b i l e v e l  (on /o f f )  i n d i c a t i o n  of oc-  
cu r rences  w i t h i n  a p r e e s t a b l i s h e d  t i m e  i n t e r v a l  would b e  adequate .  
A r e c e i v e r  o u t p u t  s i g n a l  above a p r e s e l e c t e d  t h r e s h o l d  l eve l  w i l l  
o p e r a t e  a s o l i d - s t a t e  b i l e v e l  swi t ch  producing a s i n g l e  b i t  f o r  
each occur rence  (“on” c o n d i t i o n ) .  The b i t s  w i l l  be  accumulated 
over  t h e  se t  i n t e r v a l  and s t o r e d  i n  a b u f f e r  r e g i s t e r .  A maximum 
of 20 b i t s  f o r  each performance of t h e  experiment  i s  a n t i c i p a t e d .  

The r e c e i v e r  r e q u i r e s  a n  o p e r a t i n g  thermal  environment of 0 
t o  +55”C. 

Opera t iona l  l i m i t a t i o n s .  - The receiver w i l l  b e  l i m i t e d  t o  
t h e  d e t e c t i o n  of s i g n a l s  w i t h i n  t h e  frequency range  of 3 t o  100 
kc and above a s e l e c t e d  t h r e s h o l d  l eve l .  The s e l e c t e d  t h r e s h o l d  
w i l l  be  w e l l  above t h e  a n t i c i p a t e d  sol.ar and g a l a c t i c  n o i s e  levels .  
Should t h e s e  n o i s e  sou rces  exceed t h e i r  a n t i c i p a t e d  levels,  d i s -  
c r i m i n a t i o n  of s f e r i c s  c o u l d  become imposs ib le .  

Development s t a t u s ,  - Minimal development i s  fo re seen  t o  pro-  
v i d e  a s t e r i l i z a b l e  an tenna  and r e c e i v e r  package s u i t a b l e  f o r  t h i s  
app 1 ica t ion .  

U1 t r a v i o l e t / V i s i b l e  L i g h t  De tec to r  

Desc r ip t ion .  - Detec t ion  of l i g h t n i n g  s t r o k e  occur rence  by 
s e n s i n g  t h e  uv l i g h t  r a d i a t e d  (most ly from t h e  r e t u r n  s t r o k e )  w i l l  
b e  f e a s i b l e  provided t h e  Cytherean upper atmosphere p rov ides  s u f -  
f i c i e n t  b a c k s c a t t e r i n g  of s o l a r  uv energy.  This  experiment  ap-  
proach w i l l  c o n s i s t  of a l e n s  and f i l t e r  assembly t o  focus  uv 
l i g h t  from a l i g h t n i n g  s t r o k e  on a s o l i d - s t a t e  d e t e c t o r .  

P h y s i c a l  c h a r a c t e r i s  t i c s .  - The o p t i c s  a p h o t o c e l l  d e t e c t o r  a 

and a s s o c i a t e d  e l e c t r o n i c s  would weigh 2.0 l b  and have a dimen- 
s i o n a l  envelope of 4x4~4 i n .  

O p e r a t i o n a l  c h a r a c t e r i s t i c s .  - The uv l i g h t  d e t e c t i o n  system 
w i l l  r e q u i r e  28 vdc and use  0.25 W of power. The system o p t i c s  
should  have an unobs t ruc t ed  f i e l d  of view below t h e  s t a t i o n .  
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The a m p l i f i e d  o u t p u t  of t h e  p h o t o c e l l  when above a p r e s e l e c t e d  
ambient  level  w i l l  o p e r a t e  a s o l i d - s t a t e  b i l eve l  swi t ch  t o  i n d i -  
cate  t h e  occur rence  of a l i g h t n i n g  s t r o k e .  S i n g l e  b i t s  f o r  each 
d e t e c t e d  s t r o k e  w i l l  be accumulated ove r  a se t  i n t e r v a l  i n  a buf-  
f e r  r e g i s t e r .  Up t o  20 b i t s  maximum pe r  exper iment  c y c l e  i s  a n t i c i -  
pa ted .  

The o p t i c s  c o u l d  o p e r a t e  i n  a thermal  environment  of from -90 
t o  +5OO0C. The p h o t o c e l l  and e l e c t r o n i c s  w i l l  r e q u i r e  a thermal  
environment  of 0 t o  55OC. 

O p e r a t i o n a l  l i m i t a t i o n s .  - The experiment  d e t e c t o r  system 
w i l l  d i s c r i m i n a t e  l i g h t  of 1000 t o  4000"A wavelength.  I t s  suc-  
c e s s f u l  performance i s  premised on t h e  assumption t h a t  l i g h t n i n g -  
produced uv l i g h t  can  be  d e t e c t e d  from t h e  ambient  uv l i g h t  i n  
t h e  Cytherean atmosphere.  Cond i t ions  t h a t  c o u l d  cause  temporary 
o r  permanent fogg ing  of t h e  l e n s  system r e q u i r e  i n v e s t i g a t i o n  be-  
f o r e  u s e  of  t h i s  exper iment  technique .  

Development s t a t u s .  - No s p e c i a l  development i s  a n t i c i p a t e d  
t o  p rov ide  a s t e r i l i z a b l e  uv l i g h t - d e t e c t i o n  system f o r  t h i s  ap-  
p l i c a  t ion .  

Microphone 

D e s c r i p t i o n .  - T h i s  experiment  method i s  p r e d i c a t e d  on d e t e c t -  
i n t  l i g h t n i n g  s t r o k e  occurrence  by s e n s i n g  t h e  a s s o c i a t e d  thunder  
sound p r e s s u r e  l e v e l  w i t h  a microphone. Usua l ly ,  t h e  i n c r e a s e  
i n  p r e s s u r e  because of d i s s o c i a t i o n ,  h e a t i n g ,  and  i o n i z a t i o n  
i s  sudden enough a long t h e  p a t h  of t h e  l i g h t n i n g  s t r o k e  t o  r e s u l t  
i n  t hunde r .  However, i t  i s  f a i r l y  c o p o n ,  e i rpec i a l ly  r e g a r d i n g  
c loud- to- c loud d i s c h a r g e ,  t h a t  t h e  energy r e l e a s e  i s  not  sudden 
enough t o  produce a p r e s s u r e  t r a n s i e n t  s u f f i c i e n t  t o  r e s u l t  i n  
t hunde r .  

To d e t e c t  t hunde r ,  a microphone w i l l  be employed w i t h  t h e  neces-  
s a r y  s i g n a l  c o n d i t i o n i n g  e l e c t r o n i c s .  

P h y s i c a l  c h a r a c t e r i s t i c s .  - The microphone w i l l  weigh 2.0 oz  
and be f i n .  i n  d iameter  and 314 i n .  long.  The r e q u i r e d  elec- 
t r o n i c s  w i l l  weigh 1.0 l b  and measure 1 x 4 ~ 5  i n .  

O p e r a t i o n a l  c h a r a c t e r i s t i c s .  - The microphone system w i l l  oper-  
a t e  from 28 vdc and  r e q u i r e  2.0 W. The a m p l i f i e d  o u t p u t  of t h e  
microphone when above a p r e s e l e c t e d  ambient  l e v e l  w i l l  o p e r a t e  
a s o l i d - s t a t e  b i l e v e l  swi t ch  t o  i n d i c a t e  t h e  occur rence  of thunder .  
Up t o  20 b i t s ,  maximum, pe r  experiment  c y c l e  i s  a n t i c i p a t e d .  
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The microphone w i l l  be  l o c a t e d  t o  most advantageous ly  s e n s e  
t h e  sound p r e s s u r e  l e v e l  of t h e  thunder .  

The microphone and i t s  e l e c t r o n i c s  w i l l  r e q u i r e  a n  o p e r a t i n g  
thermal  environment of 0 t o  +55OC. 

O p e r a t i o n a l  l i m i t a t i o n s .  - The d i f f i c u l t i e s  of mon i to r ing  
l i g h t n i n g  s t r o k e  occur rence  by d e t e c t i n g  i t s  a s s o c i a t e d  thunder  
are  s i g n i f i c a n t .  Not a l l  l i g h t n i n g  produces thunder .  Sound 
p r e s s u r e  l e v e l s  w i l l  va ry  g r e a t l y ,  depending on magnitude of t h e  
s t r o k e  and d i s t a n c e  from t h e  mon i to r ing  p o i n t .  This  wide level  
v a r i a t i o n  makes s e l e c t i o n  of a s w i t c h i n g  t h r e s h o l d  d i f f i c u l t .  

Development s t a t u s .  - Some e f f o r t  w i l l  p robably  b e  necessa ry  
t o  develop a microphone t o  w i t h s t a n d  d i r e c t  exposure  i n  a 400°K 
Cytherean atmosphere.  

E lec t rome te r  

D e s c r i p t i o n .  - The e l ec t r i c  f i e l d  p o t e n t i a l  g r a d i e n t  w i t h i n  
t h e  E a r t h ' s  atmosphere varies w i t h  a l t i t u d e  b u t  a r e p r e s e n t a t i v e  
f i g u r e  f o r  f a i r  weather  would b e  - 150 V/m.  
thunders torm a c t i v i t y  p o t e n t i a l  g r a d i e n t s  of 10 000 t o  100 000 
V / m  are  common between cumulonimbus c l o u d s  and  t h e  E a r t h ' s  s u r -  
f a c e .  The use  of a n  e l e c t r o m e t e r  t o  t a k e  p o t e n t i a l  g r a d i e n t  meas- 
urements i n  t h e  Cytherean atmosphere cou ld  y i e l d  in fo rma t ion  on 
t h e  p l a n e t ' s  a tmospher ic  e l e c t r i c i t y .  I n  such an  a p p l i c a t i o n  t h e  
e l e c t r o m e t e r  w i l l  b e  deployed from t h e  buoyant s t a t i o n  v ia  a r a d i o  
sonde t h a t  w i l l  descend a t  a low v e l o c i t y .  The e l e c t r o m e t e r  w i l l  
s ense  t h e  p o t e n t i a l  g r a d i e n t  and  e s t a b l i s h  a co r re spond ing  b i a s  on 
t h e  p l a t e  of t h e  e l e c t r o m e t e r  t ube  c a u s i n g  v a r i a t i o n  i n  g r i d  c u r -  
r e n t .  These v a r i a t i o n s  i n  g r i d  c u r r e n t  c a u s e  co r re spond ing  changes 
i n  t h e  a u d i o  f requency of a modulator  t h a t  i n  t u r n  modulates  a 
r a d i o  carr ier .  The modulated r a d i o  wave i s  f e d  t o  a n  antenna  and 
t r a n s m i t t e d  back t o  t h e  buoyant s t a t i o n .  

However, d u r i n g  

P h y s i c a l  c h a r a c t e r i s t i c s .  - The e l e c t r o m e t e r ,  a s s o c i a t e d  elec- 
t r o n i c s  and b a t t e r i e s  w i l l  be  packaged t o g e t h e r  t o  weigh 2.0 l b  
and have a d imens ional  envelope of 2x6~6 i n .  Required r e c e i v e r  
and s i g n a l  c o n d i t i o n i n g  e l e c t r o n i c s  i n  t h e  buoyant s t a t i o n  w i l l  
weigh 1.0 l b  and  occupy 1 x 2 ~ 6  i n .  
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O p e r a t i o n a l  requi rements .  - The e l e c t r o m e t e r  and i t s  a s s o-  
c i a t e d  e l e c t r o n i c s  w i l l  u se  s e l f - c o n t a i n e d  ba t te r ies .  The sup- 
p o r t  e l e c t r o n i c s  i n  t h e  buoyant s t a t i o n  w i l l  o p e r a t e  from 28 vdc 
and r e q u i r e  1.0 W of  power. 

The e l e c t r o m e t e r  w i l l  be deployed on a s lowly  f a l l i n g  r a d i o  
sonde t o  provide  measurements a t  several a l t i t u d e s  and avo id  d i s -  
t o r t i o n s  of the e l ec t r i c  f i e l d  caused by t h e  buoyant s t a t i o n .  
F u r t h e r  deployment of t h e  e l e c t r o m e t e r  c o l l e c t o r  p l a t e s  w i l l  b e  
r e q u i r e d  and t h e i r  proper  o r i e n t a t i o n  must b e  main ta ined .  

The modulated car r ier  s i g n a l  r ece ived  a t  t h e  buoyant s t a t i o n  
w i l l  be p rocessed  t o  s e p a r a t e  t h e  o r i g i n a l ,  modulat ing ana log  
s i g n a l  from t h e  e l e c t r o m e t e r .  This  s i g n a l  w i l l  b e  sampled ap-  
proximate ly  10 t i m e s  du r ing  descen t  of t h e  sonde. The 10 samples 
w i l l  b e  conve r t ed  t o  7 - b i t  words f o r  a t o t a l  of 70 b i t s .  

Thermal requi rements  of t h e  e l e c t r o m e t e r  package housed i n  
t h e  rad iosonde  w i l l  be 0 t o  8 5 ° C .  The suppor t  e l e c t r o n i c s  on t h e  
buoyant s t a t i o n  w i l l  r e q u i r e  a 0 t o  55OC environment ,  

Opera t iona l  l i m i t a t i o n s ,  - Obviously thi.s experiment  w i l l  pro-  
v i d e  only  a rough p r o f i l e  of e l ec t r i c  f i e l d  vs a l t i t u d e .  More 
d a t a  cou ld  b e  acqu i r ed  by a h i g h e r  sampling r a t e  and t h e  use  of  
s e v e r a l  e l e c t r o m e t e r s  cou ld  cove r  a wide range.  However, more 
d e f i n i t e  knowledge of t h e  Cytherean a tmospher ic  tempera ture ,  wind, 
and d e n s i t y  would be r e q u i r e d  be fo re  an experiment  approach cou ld  
b e  des igned hav ing  a s a t i s f a c t o r y  p r o b a b i l i t y  f o r  success .  

Development s t a t u s ,  - Elec t rome te r  r a d i o  sondes have seen  con- 
s i s t e n t  a p p l i c a t i o n  by m e t e o r o l o g i s t s  i n  measuring t h e  E a r t h ' s  
e lec t r ic  f i e l d  as' w e l l  as o t h e r  a tmospher ic  parameters .  Develop- 
ment e f f o r t  would be minimal,  p r i m a r i l y  t o  harden  t h e  e l e c t r o m e t e r  
tube  a g a i n s t  shock and packaging t o  r e s i s t  t h e  h igh  thermal  levels  
a n t i c i p a t e d  a t  lower a l t i t u d e s .  

SURFACE HARDNESS 

0 B J EC TIVE S 

Tne s u r f a c e  c h a r a c t e r i s t i c s  of Venus are  a lmost  comple te ly  un- 
known. Because of t h e  complete cloud cover  and a p p a r e n t l y  h igh  
thermal  environments c l o s e  t o  t h e  s u r f a c e ,  i t  does n o t  seem f e a s i -  
b l e  t o  a t t e m p t  d i r e c t  s u r f a c e  experiments  from t h e  buoyant s t a t i o n  
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o r  from a sonde d u r i n g  t h e  f i r s t  mi s s ion .  However, a n  experiment  
t o  t e s t  t h e  s u r f a c e  ha rdness  c o u l d  y i e l d  u s e f u l  and d e f i n i t i v e  i n -  
format ion .  F o r  t h i s  experiment ,  a f r e e l y  f a l l i n g  penet rometer  
e j e c t e d  from t h e  buoyant s t a t i o n  w i l l  impact  on t h e  s u r f a c e .  
o b j e c t i v e  i s  t h e  t r a n s m i s s i o n  of d a t a  t h a t  w i l l  g i v e  i n d i c a t i o n s  
of t h e  n a t u r e  of t h e  s u r f a c e  m a t e r i a l .  Such in fo rma t ion  would 
b e  of importance i n  t h e  f u t u r e  des ign  of a Venus l a n d e r .  A more 
e x t e n s i v e  su rvey  of t h e  Cytherean  s u r f a c e  cou ld ,  of c o u r s e ,  be 
achieved  by t h e  d i s p e r s a l  of a group of penet rometers  over  a 
known s u r f a c e  a r e a .  Measurements of a l t i t u d e  a t  release and drop  
time of t h e  penet rometer  would p rov ide  a c r o s s  r e f e r e n c e  f o r  t h e  
a tmospher ic  d e n s i t y  experiment .  
impact p o i n t  on t h e  Cytherean s u r f a c e  cou ld  b e  determined from a 
knowledge of t h e  s t a t i o n  p o s i t i o n .  

The 

Locat ion  of t h e  penet rometer  

EXPERIMENTS/INSTRUMENTS 

A penet rometer  c a n  b e  d e f i n e d  as a s u r f a c e  impact ing  dev ice  
having  an  a c c e l e r a t i o n  s e n s o r  and a c a p a b i l i t y  t o  t r a n s m i t  a c c e l e r a -  
t i o n  d a t a .  The d a t a  can  b e  t r a n s m i t t e d  v i a  e i t h e r  a hardwire  be- 
tween t h e  penet rometer  and  t h e  s t a t i o n  o r  a n  r f  t e l eme t ry  link. 
For  obvious r e a s o n s ,  t h e  la t ter  approach i s  t h e  o n l y  one con-  
s i d e r e d  f o r  t h i s  a p p l i c a t i o n .  Because t h e  Cytherean atmosphere 
has  s u f f i c i e n t  d e n s i t y ,  t h e  o r i e n t a t i o n  of t h e  penet rometer  a t  
impact  can  b e  p r e d i c t e d  and a u n i d i r e c t i o n a l  acce l e romete r  can  
b e  used.  Development of o m n i d i r e c t i o n a l  acce l e romete r s  i s  p re s-  
e n t l y  i n  p r o g r e s s ;  however, t h e i r  u s e  i n  t h i s  a p p l i c a t i o n  i s  n o t  
a n t i c  i p a  t e d  , 

Impact Accelerometer  

D e s c r i p t i o n .  - The penet rometer  w i l l  b e  comprised of  a n  i m -  
p a c t  hous ing ,  u n i d i r e c t i o n a l  acce l e romete r ,  s i g n a l  c o n d i t i o n i n g  
e l e c t r o n i c s ,  power supply ,  t r a n s m i t t e r ,  and antenna .  A l l  com- 
ponents  must be  impact  hardened and packaged t o  o p e r a t e  through 
a 10 000 g t r a n s i e n t  hav ing  a 0.15-msec r ise t i m e  and 0.15-msec 
decay. This  approximates a wors t  c o n d i t i o n  shock t r a n s i e n t  such 
as would b e  exper ienced  by a h a r d ,  s p h e r i c a l  nose p r o j e c t i l e  i m -  
p a c t i n g  i n t o  c o n c r e t e  a t  30 f p s .  
i n  d i ame te r  and have a mass of 0.03 s l u g .  

The p r o j e c t i l e  would b e  3 i n .  
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P h y s i c a l  c h a r a c t e r i s t i c s .  - The penet rometer  w i l l  have a 3- in ,  

d iameter  and be 8 i n .  long.  It w i l l  weigh approximate ly  4 l b .  

S ince  a receiver f o r  t h e  o t h e r  drop sondes i s  r e q u i r e d ,  a 
s e p a r a t e  r e c e i v e r  f o r  t h e  penet rometer  d a t a  i s  n o t  necessa ry .  

O p e r a t i o n a l  Requirements.  - The power supply  f o r  t h e  penetrom- 
e ter  w i l l  be s e l f - c o n t a i n e d  b a t t e r i e s .  Power consumption w i l l  n o t  
exceed 2.0 W f o r  approximate ly  30 min, t h e  suppor t  equipment i n  
t h e  buoyant s t a t i o n  w i l l  o p e r a t e  from 28 vdc a t  2.0 W f o r  30 min. 

No s p e c i a l  deployment requi rements  w i l l  e x i s t  o t h e r  than  ejec- 
t i o n  of t h e  penet rometer .  

?he r e c e i v i n g  s t a t i o n  e l e c t r o n i c s  w i l l  r e q u i r e  an  o p e r a t i n g  
environment of 0 t o  55°C. The penetrometer  e l e c t r o n i c s  w i l l  re- 
q u i r e  t h e  same thermal  c o n d i t i o n s .  Design c o n s i d e r a t i o n s  f o r  t h e  
penet rometer  must i n c l u d e  p r o t e c t i o n  a g a i n s t  t h e  p o s s i b l i t y  of a 
700°K environment a t  t h e  s u r f a c e  and impact hardening  t o  10 000 g. 

The r e c e i v e d  a c c e l e r a t i o n  d a t a  from t h e  penetrometer  a f t e r  
s e p a r a t i o n  from t h e  r f  carr ier  w i l l  b e  conve r t ed  t o  a d i g i t a l  f o r -  
m a t  and s t o r e d  f o r  l a t e r  t r a n s m i t t a l  t o  t h e  o r b i t e r .  Because i m -  
p a c t  i n t o  some e las t ic  materials  cou ld  produce a complex d e c e l e r a-  
t i o n  s i g n a t u r e  of ve ry  s h o r t  d u r a t i o n  (0.3 msec),  a h igh  sampling 
r a t e  r e s u l t i n g  i n  a ve ry  l a r g e  d a t a  b i t  l oad  would b e  necessa ry  t o  
a c c u r a t e l y  encode t h e  r a w  s i g n a l .  To reduce  t h e  b i t  q u a n t i t y ,  i t  
i s  a n t i c i p a t e d  t h a t  a s i g n a l  c o n d i t i o n i n g  t echn ique  w i l l  b e  em-  
ployed whereby t h e  occurrence  of known g - l e v e l s  are  i n d i c a t e d  by 
l o g a r i t h m i c a l l y  spaced g a t e s  and encoded t o g e t h e r  w i t h  cor respond-  
i n g  t i m e  a x i s  i n fo rma t ion .  

Opera t iona l  l i m i t a t i o n s .  - The wide v a r i e t y  of p o s s i b l e  s u r -  
f a c e  m a t e r i a l s  p r e s e n t s  a problem i n  des ign ing  a penet rometer  
system. T h i s  system must be capab le  of  handl ing  shock t r a n s i e n t s  
from l e s s  t h a n  50 g t o  10 000 g .  T r a n s i e n t  t ime d u r a t i o n s  can 
v a r y  from 0 . 3  msec t o  30 msec. The a c c e l e r a t i o n  s i g n a t u r e s  must 
be f a i t h f u l l y  reproduced i f  impacted m a t e r i a l  i s  t o  be i d e n t i f i e d .  
The re fo re ,  d a t a  b i t  q u a n t i t y  w i l l  be h igh ,  and schemes f o r  compres- 
s i o n  must be cons ide red .  It appears  t h a t  t h e  b e s t  means f o r  iden-  
t i f y i n g  t h e  n a t u r e  of t h e  s u r f a c e  from t h e  d e c e l e r a t i o n  d a t a  w i l l  
be comparison w i t h  s i g n a t u r e s  obta ined  a t  impact w i t h  a wide 
v a r i e t y  of  E a r t h  m a t e r i a l s .  The c l o s e  approximation of penetrom- 
eter d a t a  w i t h  t h e  impact d e c e l e r a t i o n  s i g n a t u r e  of a known 
E a r t h  m a t e r i a l  w i l l  permit  a c c u r a t e  p r e d i c t i o n  of t h e  n a t u r e  of 
t h e  s u r f a c e  impacted,  i t s  ha rdness ,  and bea r ing  s t r e n g t h .  
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Development s t a t u s .  - A c o n s i d e r a b l e  penet rometer  tes t  h i s -  
t o r y  has  been compiled a t  NASA's Langley Research C e n t e r .  I m -  
p a c t i o n  of v a r i o u s  penet rometer  d e s i g n s  i n t o  a wide v a r i e t y  of 
materials (cement, l e a d ,  b a l s a ,  sod,  d u s t ,  e t c . )  a t  d i f f e r e n t  
v e l o c i t i e s  h a s  demonst ra ted  t h e  t e c h n i c a l  f e a s i b i l i t y  of t h i s  
s u r f a c e  measuring method, A d d i t i o n a l  impact t e s t i n g  of t h e  
penet rometer  developed f o r  t h i s  a p p l i c a t i o n  would be necessa ry  t o  
a c q u i r e  a l i b r a r y  of t h e  d e c e l e r a t i o n  s i g n a t u r e s  a t  impact  w i t h  
v a r i o u s  materials. No development problems of any s i g n i f i c a n c e  
are a n c t i c i p a t e d  i n  a c h i e v i n g  t h e  n e c e s s a r y  i m p a c t  ha rden ing  o r  
thermal p r o t e c t i o n  f o r  t h e  penet rometer .  

I 
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ATMOSPHERIC CIRCULATION ON VENUS 

A'lthough t h e r e  have been s p e c u l a t i o n s  on t h e  l a r g e - s c a l e  a t -  
mospheric c i r c u l a t i o n  of Venus, q u a n t i t a t i v e  i n v e s t i g a t i o n s  were 
begun only  r e c e n t l y .  Some important  r a d a r  and r a d i o m e t r i c  meas- 
urements enab le  us t o  e s t i m a t e  meaningful  magnitudes of some phys- 
i c a l  parameters ,  such a s  r o t a t i o n  r a t e  and s u r f a c e  t empera tu re  of 
Venus, which a r e  c r i t i c a l  t o  t h e  f e a t u r e s  of a tmospher ic  c i r c u l a -  
t i o n  of Venus. 

Je 

This  appendix d i s c u s s e s  s e v e r a l  Venusian atmosphere c i r c u l a -  
t i o n  models used i n  t h e  c a l c u l a t i o n  of  wind v e l o c i t i e s  and f low 
p a t t e r n s ,  t h e  r e s u l t s  ob ta ined  w i t h  t h e s e  models, and a n  i n t e r -  
comparison of t h e  r e s u l t s  ob ta ined  w i t h  t h e  d i f f e r e n t  models, 
The p o s s i b l e  mean wind speed and t h e  wind d i r e c t i o n  a t  t h e  l e v e l  
j u s t  above t h e  v i s i b l e  cloud t o p  is  a l s o  d i s c u s s e d .  

IMPORTANT PHYS ICAL PARAMETERS 

R o t a t i o n  Rate  of Venus 

The s i d e r e a l  r o t a t i o n  r a t e  of Venus ( r e f .  136) i s  243.1 days ,  

The geos t roph ic  wind e q u a t i o n  i s  t h u s  no 

-3 
r e t r o g r a d e .  There fo re ,  t h e  C o r i o l i s  parameter is  about 4 x 10  
t i m e s  of t h a t  on Ear th .  
longer  va 1 i d .  

S u r f a c e  P r e s s u r e  

The s u r f a c e  p r e s s u r e ,  based on a n  e s t i m a t e  by Kaplan ( r e f .  
3 

137) ,  i s  about (10  t 3 )  x 10 mb. Other i n v e s t i g a t o r s  ( s e e ,  f o r  
example, r e f .  138) p r e d i c t  a s u r f a c e  p r e s s u r e  of about 3 0  atm. 
The u n c e r t a i n t y  is  c o n s i d e r a b l e  and s u r f a c e  p ressures  between 1 
and 200 atm cannot be r u l e d  out  wi th  any c e r t a i n t y .  Computations 
f o r  wind v e l o c i t y  based on s u r f a c e  p r e s s u r e s  of 10 and 30 atm a r e  
performed. 

-1. 
-~ 

"See, however, t h e  r e c e n t  a r t i c l e  by R .  M. Goody and A .  R .  
Robinson: A Discuss ion  of  t h e  Deep C i r c u l a t i o n  of t h e  Atmosphere 
of Venus. Astrophys.  J . ,  v o l  146, no. 2 ,  November 1966, pp. 
339-355. 
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Note t h a t  w h i l e  t h e s e  s u r f a c e  p r e s s u r e s  l i e  w i t h i n  the bounds 
of t h e  model atmospheres g iven  i n  NASA SP-3016, t h e y  cor respond 
only  roughly  w i t h  t h e  models. 

S u r f  a c e  Temperature 

On t h e  b a s i s  of  t h e  Mar iner  I1 microwave o b s e r v a t i o n s  d u r i n g  
t h e  1962 c o n j u n c t i o n ,  Kaplan ( r e f .  1 3 7 )  e s t i m a t e d  t h e  average  
s u r f a c e  t empera tu re  t o  be  about  700°K. Owen ( r e f .  138) sugges t s  
a b r i g h t - s i d e  s u r f a c e  t empera tu re  of about  750"K, a d a r k- s i d e  
t empera tu re  of  abou t  640"K ,  and a d a r k  pole  t empera tu re  of about  
540°K. 

C 1 oud -Top Temper a t  u r  e 

The c loud- top  t empera tu re  i s  about  234°K. Based on t h e  v a l u e s  
of de termined s u r f a c e  t empera tu re s  and assumed l a p s e  ra te ,  t h e  
t o p  of  t h e  cloud i s  about  50 t o  70 km above t h e  s o l i d  s u r f a c e ,  

MODELS OF LARGE -SCALE CIRCULATION 

S i n c e  t h e r e  a r e  l a r g e  u n c e r t a i n t i e s  about  v a r i o u s  meteoro-  
l o g i c a l  parameters ,  w e  u s e  d i f f e r e n t  models t o  e s t i m a t e  t h e  wind 
v e l o c i t i e s  i n  t h e  atmosphere o f  Venus. 

Model 1 

This  i s  a s imp le ,  g e n e r a l  model of t he rma l ly  d r i v e n  c i r c u l a -  
t i o n  developed by Haurwitz ( r e f .  139) .  Venus i s  cons ide red  t o  
be a synchronous ly  r o t a t i n g  p l a n e t ;  t h e  zona l  component of t h e  
wind i s  t h u s  z e r o  and t h e  c i r c u l a t i o n  reduces  t o  a mer id iona l  
component ( h e r e  w e  d e f i n e  t h e  mer id iona l  d i r e c t i o n  i n  t h e  d i r e c -  
t i o n  of t h e  l i n e s  j o i n i n g  t h e  s u b s o l a r  and a n t i s o l a r  p o i n t s ,  
w h i l e  t h e  zona l  d i r e c t i o n  i s  i n  t h e  d i r e c t i o n  normal t o  t h e  
l i n e s  j o i n i n g  s u b s o l a r  and a n t i s o l a r  p o i n t s ) .  

The wind speed can be r e p r e s e n t e d  s imply a s  fo l lows :  

3 
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e 
i 

and t empera tu re  d i f f e r e n c e  between s u b s o l a r  and a n t i s o l a r  p o i n t s  
can be w r i t t e n  a s  

where 

a = t h e  d i f f e r e n c e  i n  t h e  r a t e  of t empera tu re  change be- 
tween s u b s o l a r  and a n t i s o l a r  p o i n t s ,  OK/sec 

S = i n c i d e n t  s o l a r  r a d i a t i o n  a t  s u b s o l a r  po in t  = 4.11 
2 

ca l /cm /min, 

A = a lbedo  = 0.75, 

w = ou tgo ing  longwave r a d i a t i o n ,  

c = s p e c i f i c  h e a t  a t  c o n s t a n t  p r e s s u r e ,  
P 
a = r a d i u s  of Venus = 6000 km, 

A p  = p r e s s u r e  d i f f e r e n c e  between s u r f a c e  and t o p  of t ropo-  
sphere ,  P0'P, 

= s u r f a c e  p r e s s u r e  = 10 atm; 30 atm, 
PO 

p = p r e s s u r e ,  

g = g r a v i t a t i o n a l  a c c e l e r a t i o n  = 880 cm/sec , 

R = gas c o n s t a n t  f o r  Venusian atmosphere = 2.5 x 10 

2 

6 

cm2 1s e c 2/d e g , 
-1 

k = c o e f f i c i e n t  of  f r i c t i o n ,  s e c  . 
-W i s  z e r o ,  and t h e  It i s  assumed t h a t  ( w s u b s o l a r  

p r e s s u r e  a t  t h e  t ropopause  l e v e l  is  0.01 of t h e  s u r f a c e  p ressure .  
The r e s u l t s  f o r  d i f f e r e n t  s u r f a c e  p r e s s u r e s  and c o e f f i c i e n t s  of 
f r i c t i o n  a r e  shown i n  t a b l e  26 .  This  computat ion i s  based on t h e  
assumption t h a t  t h e  outgoing r a d i a t i o n  is t h e  same a t  both  s u b s o l a r  
and a n t i s o l a r  p o i n t s .  There fo re ,  t h i s  computation gives  a maximum 
v a l u e  of  wind and t empera tu re  d i f f e r e n c e s  f o r  v a r i o u s  c a s e s .  

a n t i s o l a r )  

12 1 
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TABLE 26. - COMPUTED RESULTS OF THE MEAN W I N D  AND THE MEAN TEMPER- 
ATURE DIFFERENCES BETWEEN SUBSOLAR AND ANTISOLAR POINTS 

) )  atm 

10 

30 

-1 k ,  sec 

5 

1 

1 

5 

1 x 

1 o - ~  

v ) mlsec 

8.1 

5 . 8  

1.8 

. 6  

4.7 

3.4 

1.1 

.3 

9 

14 

42 

13 5 

5 

8 

24 

Model 2 

T h i s  model was developed by Mintz ( r e f .  140) f o r  t h e  atmos- 
pher ic  c i r c u l a t i o n  of a synchronously  r o t a t i n g  p l a n e t .  
based on t h e  c o n d i t i o n  t h a t  t h e  energy r a d i a t e d  t o  space  i n  t h e  
d a r k  hemisphere must be r e p l a c e d  by a n  energy t r a n s p o r t  a c r o s s  
t h e  t e r m i n a t o r  from t h e  s u n l i t  s i d e .  The mer id iona l  wind v e l o c i t y  
a t  a l e v e l  where p r e s s u r e  is  114 of t h e  p r e s s u r e  on t h e  s u r f a c e  i s  

It i s  

where 

4 d = Stefan-Boltzmann c o n s t a n t  = 5 .7  x erg/cm2/sec/deg , 

= i n f r a r e d  b r i g h t n e s s  t empera tu re  = 237°K) Te 

T 2  = t empera tu re  a t  middle of t h e  atmosphere 
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= v e r t i c a l  t empera tu re  g r a d i e n t ,  

= a d i a b a t i c  t empera tu re  g r a d i e n t ,  
'd 

The wind v e l o c i t i e s  f o r  y/yd = 9/10,  v a r i o u s  T2 ,  and d i f f e r e n t  

s u r f a c e  p r e s s u r e s  a r e  shown i n  t a b l e  27. 

TABLE 27. - COMPUTED W I N D  VELOCITIES BASED ON MINTZ 'S MODEL FOR 
VARIOUS MEAN ATMOSPHERIC TEMPERATURES, T2 
FERENT SURFACE PRESSURES, po 

AND DIF- 

atm Po , 
10 

30 

O K  I V ,  m/sec 
T 2 9  

44 0 .75 

580 1.00 

44 0 .25 

5 80 .33 

Th i s  model cannot be used t o  compute t empera tu re  d i f f e r e n c e s  
between s u b s o l a r  and a n t i s o l a r  p o i n t s .  Also ,  f r i c t i o n  ha5 not  
been t aken  i n t o  account .  For a deep atmosphere,  t h e  f r i c t i o n a l  
e f f e c t  may be v e r y  important .  

Model 3 

Th i s  model assumes t h a t  t h e  c i r c u l a t i o n  s t a r t s  from r e l a t i v e  
rest and t h a t  t h e r e  i s  no h o r i z o n t a l  t empera tu re  g r a d i e n t  t o  begin  
w i t h ,  A h e a t i n g  f u n c t i o n  due t o  a n e t  g a i n  of r a d i a t i v e  energy 
a t  t h e  s u b s o l a r  po in t  and loss of r a d i a t i v e  energy a t  t h e  a n t i s o -  
l a r  p o i n t  i s  s p e c i f i e d  a s  t h e  d r i v i n g  f o r c e  of a mer id iona l  c i r c u -  
l a t i o n  ( r e f .  141).  The wind v e l o c i t y  i s  w r i t t e n  a s  

where 

D = ampl i tude  of t h e  h e a t i n g  f u n c t i o n ,  

@ = 1.916,  
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-1 P ,  atm c ,  sec V, cmlsec 

10 6 . 6  

1 o - ~  . 5  

.1 

0 

= temperature  between s u r f a c e  and t h e  t o p  of t h e  atmos- 
phere ,  O C ,  

BO \ 

7 ,  “C 

.16 

.02 

0 

0 

2 2 2  
a c a  

Y 

0 
’ =  R B  

c = c o e f f i c i e n t  of eddy v i s c o s i t y .  

The t empera tu re  d i f f e r e n c e  between t h e  s u b s o l a r  and a n t i s o l a r  
po in t s  can be w r i t t e n  a s  

The computed wind v e l o c i t i e s  and temperature  d i f f e r e n c e s  a t  l e v e l  
P = P o p  f o r  Po = 10 atmosphere and d i f f e r e n t  c o e f f i c i e n t s  of 

f r i c t i o n  a r e  shown i n  t a b l e  28. 

TABLE 28. - COMPUTED W I N D  VELOCITIES AT TERMINATOR AND TEMPERATURE 
DIFFERENCES BETWEEN SUBSOLAR AND ANTISOLAR POINTS AT 
A LEVEL p = 0.01 po FOR DIFFERENT COEFFICIENTS OF 
FRICTION 

Th is  model y i e l d s  a s m a l l e r  wind v e l o c i t y  and temperature  d i f -  
f e r e n c e  than  t h a t  of previous models w i t h  t h e  same s u r f a c e  p r e s s u r e  
and c o e f f i c i e n t  of f r i c t i o n .  

124 



, 
e 

APPENDIX C 

Model 4 

This  model i s  a l i n e a r i z e d  f r e e  convec t ion  model based on a 
given s u r f a c e  t empera tu re  d i s t r i b u t i o n  ( r e f .  141).  The approach 
i s  s i m i l a r  t o  the  one used i n  t r e a t i n g  sea  breeze  c i r c u l a t i o n s .  
Using t h e  Boussinesq approximat ion and assuming t h e  motion s t a r t s  
from r e s t ,  t h e  s o l u t i o n s  f o r  h o r i z o n t a l  and v e r t i c a l  v e l o c i t i e s  
and t h e  temperature  d i s t u r b a n c e  from t h e  mean a r e  o b t a i n e d ,  re- 
s p e c t i v e l y ,  a s  fo l lows :  

s i n  kx 1 KA [e-'kz- $ Akz + - If? s i n  .& Akz) e -( Akz) / 2  
3 2  

2Y 3 2 V =  

where 

D = one h a l f  of t h e  s u r f a c e  t empera tu re  d i f f e r e n c e  between 
s u b s o l a r  and a n t i s o l a r  p o i n t s ,  

y = (mean l a p s e  r a t e  - dry  a d i a b a t i c  l a p s e  r a t e )  = 2O/km, 

K = v = eddy c o n d u c t i v i t y  o r  v i s c o s i t y  = lo3 m2/sec, 

k = d r o  = 1.64 x 10 km , 

r = r a d i u s  of Venus = 6000 km, 

-4 -1 

0 

1 / 6  
= 605. 

For a s u r f a c e  t empera tu re  d i f f e r e n c e  between t h e  s u b s o l a r  and 
a n t i s o l a r  p o i n t s  of about 150°C, t h e  computed p r o f i l e  of V ,  
W ,  and T a r e  shown i n  f i g u r e  40. The maximum wind v e l o c i t y  
f o r  t h i s  model i s  much g r e a t e r  t h a n  f o r  any of t h e  o t h e r  models, 
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-4 
g = 8.8 m/sec2; D = 70'K; r = 6100 km; k = 1.64 /km; QI = 0.002; 
y = 2'/km; 1 = 605; cp = n/2 f o r  u ,  and cp = 0 f o r  w and  T ) .  

i 
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S i n c e  t h e  Boussinesq approximat ion is  n o t  adequa te  f o r  a deep 
atmosphere and could  l ead  t o  l a r g e  e r r o r s ,  a s i m i l a r  convec t ive  
model w i t h o u t  t h e  Boussinesq approximat ion has been developed 
( r e f ,  141). However, numerica l  r e s u l t s  have n o t  y e t  been ob ta ined .  

DISCUSSION 

Wind V e l o c i t i e s  on Venus 

I n  view of t h e  r e su l t s  of v a r i o u s  a tmospher ic  c i r c u l a t i o n  
models f o r  Venus, t h e  wind v e l o c i t i e s  a r e  g e n e r a l l y  small excep t  
f o r  Model 4. Models 1, 2 ,  and 3 y i e l d  mean wind v e l o c i t i e s  from 
a f r a c t i o n  of 1 cm/sec t o  8 m/sec f o r  v a r i o u s  c o n d i t i o n s .  The d i -  
r e c t  energy source  d r i v i n g  t h e  atmospheric c i r c u l a t i o n  f o r  t h e s e  
t h r e e  models i s  t h e  n e t  g a i n  of r a d i a t i o n  energy as a r e s u l t  of 
t h e  d i f f e r e n c e  between t h e  a b s o r p t i o n  of shortwave r a d i a t i o n  from 
t h e  sun and t h e  emiss ion of longwave r a d i a t i o n  of t h e  atmosphere.  
It seems t h a t  such an amount of n e t  energy cannot produce a h igh  
wind v e l o c i t y  f o r  a deep atmosphere w i t h  s u r f a c e  p r e s s u r e s  of 10 
t o  30 atm. Model 4 y i e l d s  a mer id iona l  v e l o c i t y  of about 33 m/sec, 
which i s  h i g h e r  than  t h a t  of o t h e r  models. The energy source  i s  
from t h e  s u r f a c e  o v e r  which a c o n s t a n t  l a r g e  temperature  g r a d i e n t  
i s  assumed. Since  t h e r e  may be r e l a t i v e l y  l a r g e  e r r o r s  involved 
i n  Model 4, t h e  magnitude of wind w i l l  no t  be t aken  f o r  intercom- 
p a r i s o n .  

I n  Model 1, t h e  f r i c t i o n  i s  cons ide red  t o  be an impor tant  f a c -  

t o r .  For  a small c o e f f i c i e n t  of f r i c t i o n  such as  5 x 10 s e c  , 
t h e  wind v e l o c i t y  is  about 8 m/sec f o r  t h e  c a s e  of a s u r f a c e  p res-  
s u r e  of 10 atm. I n  comparison t o  Model 2 ,  where f r i c t i o n  i s  not  
inc luded  a t  a l l ,  t h e  wind v e l o c i t y  computed from Model 1 i s  one 
o r d e r  of magnitude l a r g e r  t h a n  t h a t  of Model 2 .  Th i s  may be caused 
by t h e  f a c t  t h a t  t h e  outgoing r a d i a t i o n  i s  assumed c o n s t a n t  a long 
t h e  mer id iona l  d i r e c t i o n .  There fo re ,  t h i s  wind v e l o c i t y  of 8 m /  
s e c  f o r  Model 1 w i l l  be t h e  maximum v e l o c i t y .  Model 3 y i e l d s  v e r y  
s m a l l  wind v e l o c i t i e s .  Thus, based on Models 1, 2 ,  and 3 ,  w e  con- 
c l u d e  t h a t  t h e  mean wind v e l o c i t y  may not  be more than  8 m/sec and 
t h a t  t h e  u n c e r t a i n t y  of t h e  wind would no t  be t o o  l a r g e  f o r  t h e  
range of t h e  s u r f a c e  p r e s s u r e  va ry ing  from 10 t o  30 atm. 

-5 -1 

127 



APPENDIX C 

W e  have a l s o  computed temperature  d i f f e r e n c e s  between s u b s o l a r  
and a n t i s o l a r  p o i n t s  f o r  d i f f e r e n t  cases  based on Model 1. How- 
ever, t h e  computed temperature  d i f f e r e n c e s  h a r d l y  a g r e e  w i t h  t h e  
r e s u l t s  e s t ima ted  based on Mariner I1 d a t a .  The temperature  d i f -  
f e r e n c e  near  t h e  s u r f a c e  based on Mariner I1 d a t a ,  a f t e r  a l lowance 
f o r  t h e  limb da rken ing  e f f e c t ,  i s  about  200°K. S i m i l a r l y ,  t h e  
temperature  d i f f e r e n c e s  between two columns i s  es t ima ted  a s  100°K.  
These v a l u e s  a r e  h i g h e r  t h a n  most of t h e  t h e o r e t i c a l  v a l u e s  excep t  
f o r  t h e  c a s e  i n  which t h e  f r i c t i o n  c o e f f i c i e n t  f o r  t h e  Venusian 

atmosphere 
E a r t h ' s .  This  l a r g e  d i f f e r e n c e  i n  temperature  may be caused by 
t h e  approximate n a t u r e  of t h e  model, Except f o r  t h e  improved 
Model 4 ,  which i s  a c c u r a t e l y  s o l v e d ,  t h e o r e t i c a l  e s t i m a t e s  of 
temperature  d i f f e r e n c e s  between s u b s o l a r  and a n t i s o l a r  p o i n t s  can- 
not be v e r y  c e r t a i n ,  and, i n  t u r n ,  t h e  e x a c t  wind v e l o c i t y  cannot 
be ob ta ined  u n l e s s  a l l  t h e  p h y s i c a l  parameters are  a c c u r a t e l y  de-  
t ermined. 

sec - I )  is  1000 t i m e s  a s  l a r g e  a s  t h a t  f o r  t h e  

Wind D i r e c t i o n  on Top of V i s i b l e  Cloud Layer 
and Formation of Dive rg ing  Cloud Bands 

S i n c e  Venus i s  a n e a r l y  synchronous r o t a t i n g  p l a n e t ,  t h e  c i r -  
c u l a t i o n  w i l l  be t h e  form of t h e  Hadley c e l l .  Thus t h e  a i r  would 
r i se  a t  t h e  s u b s o l a r  po in t  and s i n k  a t  t h e  a n t i s o l a r  point  t o  form 
one complete ce l l .  The v i s i b l e  cloud t o p  of Venus has  a tempera- 
t u r e  of about  230°K i n  c o n t r a s t  t o  t h e  s u r f a c e  t empera tu re  of 700°K.  
The h e i g h t  of t h e  v i s i b l e  cloud t o p  is about 50 t o  7 0  km above 
t h e  s u r f a c e  level ,  e s t ima ted  on t h e  b a s i s  of a l a p s e  r a t e  of SoC/ 
km, and a t  a p r e s s u r e  l e v e l  of 1% of t h a t  on t h e  s u r f a c e .  Pre-  
sumably, t h e  cloud t o p  i s  t h e n  a t  t h e  upper level of t h e  Hadley 
c e l l .  There fo re ,  t h e  d i r e c t i o n  of c i r c u l a t i o n  w i l l  be i n  t h e  
d i r e c t i o n  of t h e  mer id iona l  d i r e c t i o n  from t h e  s u b s o l a r  po in t  t o -  
ward t h e  a n t i s o l a r  po in t .  S i n c e  t h e  s u r f a c e  t empera tu re  i s  v e r y  
h i g h  and c louds  g e n e r a l l y  cover  t h e  whole p l a n e t ,  it is  g e n e r a l l y  
be l i eved  t h a t  t h e  s u n l i t  s i d e  of t h e  Venusian atmosphere i s  therm- 
a l l y  u n s t a b l e  and t h a t  convec t ion  w i l l  r e s u l t .  
s t u d y  of v o r t e x  cloud p a t t e r n s  i n  h u r r i c a n e  ( r e f .  142) and r e l a t e d  
work ( r e f .  1 4 3 ) ,  cloud bands t end  t o  be o r i e n t e d  a l o n g  t h e  d i r e c -  
t i o n  of t h e  flow. For Venus, t h i s  would mean r a d i a l  spoke cloud 
bands emanating from t h e  s u b s o l a r  po in t .  Such a c loud system has 
been observed by D o l l f u s  ( r e f .  36). The m e t e o r o l o g i c a l  c o n d i t i o n s  
accompanying t h e  phenomena r e q u i r e  t h a t  t h e  atmosphere be u n s t a b l y  
s t r a t i f i e d  and , t h a t  the  v e r t i c a l  wind s h e a r  be o r i e n t e d  a l o n g  t h e  
d i r e c t i o n  of t h e  f low, There fo re ,  w e  conclude t h a t  t h e  wind d i -  
r e c t i o n  above t h e  cloud t o p  i s  i n  t h e  mer id iona l  d i r e c t i o n  and , 

from t h e  s u b s o l a r  point  t o  t h e  a n t i s o l a r  p o i n t ,  T h i s  is  based on 
both  theory  and obse rva t ion .  

According t o  t h e  
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CONCLUSION 

Based upon t h e  f o u r  models d i s c u s s e d ,  t h e  wind v e l o c i t y  on 
t h e  t o p  of t h e  v i s i b l e  c loud  l a y e r  i s  small and less  t h a n  8 m/sec. 
These t h e o r e t i c a l  e v a l u a t i o n s  are based on p r e s e n t  knowledge of 
p h y s i c a l  o r  m e t e o r o l o g i c a l  parameters  on Venus. I f  t h e  assumed 
v a l u e s  of parameters have s e r i o u s  e r r o r s ,  e .g . ,  s u r f a c e  p r e s s u r e ,  
t h e  mean wind w i l l  a l s o  have a l a r g e  e r r o r .  However, t h e  range 
i s  s t i l l  q u i t e  small.  The model of a tmospher ic  c i r c u l a t i o n  of a 
deep atmosphere i s ,  of course ,  impor tan t .  R e s u l t s  of a r e a l i s t i c  
n o n l i n e a r  c i r c u l a t i o n  model shou ld  be a v a i l a b l e  i n  t h e  n e a r  f u t u r e .  

The d i r e c t i o n  of t h e  wind on t h e  t o p  of t h e  v i s i b l e  c loud  l a y -  
e r  i s  b e l i e v e d  t o  be from s u b s o l a r  p o i n t  toward t h e  a n t i s o l a r  p o i n t  
a long  t h e  m e r i d i o n a l  d i r e c t i o n .  The t h e o r e t i c a l  i n f e r e n c e  of t h e  
f low p a t t e r n  a g r e e s  w i t h  d i v e r g i n g  c loud p a t t e r n s  on Venus observed 
from t h e  E a r t h ' s  s u r f a c e .  
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SCIENTIFIC MISSION PROFILE AND ESTIMATED TRAJECTORIES 
FOR A BUOYANT VENUS STATION 

The f o l l o w i n g  q u e s t i o n s  concerning t h e  s c i e n t i f i c  miss ion  of 
a buoyant Venus s t a t i o n  a r e  d i s c u s s e d  i n  t h i s  appendix:  

What p o i n t s  on and over  t h e  p l a n e t  do we wish t o  
sample? 

What should be  t h e  spac ing  of o b s e r v a t i o n s  i n  t h e  
h o r i z o n t a l  and i n  t h e  v e r t i c a l ?  

A t  what p o i n t s  should  drop sondes be  r e l e a s e d ?  

What i s  t h e  probable  t r a j e c t o r y  of a buoyant Venus 
s t a t i o n ?  Where should  t h e  buoyant s t a t i o n  be r e -  
l e a s e d  i n i t i a l l y  t o  accomplish t h e  d e s i r e d  sampling 
of t h e  p l a n e t ?  

What i s  t h e  l e n g t h  of t ime r e q u i r e d  t o  accomplish t h e  
d e s i r e d  sampling o f  t h e  p l a n e t ?  

What a r e  t h e  advantages  o f  two o r  t h r e e  buoyant s t a -  
t i o n s  v s  a s i n g l e  s t a t i o n ?  

DESIRED COVERAGE AND SAMPLING RESOLUTION 

For 
n a t i o n ,  
some s u r  
seasona l  

a r e l a t i v e l y  r a p i d l y  r o t a t i n g  p l a n e t  w i t h  moderate i n c l i -  
such a s  t h e  E a r t h ,  t h e  major v a r i a t i o n s  of a tmospher ic  and 
f a c e  pa ramete r s  a r e  t h e  l a t i t u d i n a l  ( e q u a t o r  t o  p o l e )  and 
v a r i a t i o n s .  For a s lowly r o t a t i n g  p l a n e t  w i t h  small i n -  

c l i n a t i o n  such a s  Venus, which have a day t h a t  i s  1 1 7  Ear th- days  
long and a n  i n c l i n a t i o n  < l o " ,  t h e  major a tmospher ic  and s u r f a c e  
v a r i a t i o n s  a r e  p robab ly  from s u b s o l a r  p o i n t  t o  a n t i s o l a r  p o i n t  
and from s u b s o l a r  ( o r  a n t i s o l a r )  p o i n t  t o  p o l e .  To sample t h e s e  
expected v a r i a t i o n s ,  one would l i k e  t o  o b t a i n  o b s e r v a t i o n s  over  a 
p a t h  t h a t  i n c l u d e s  s u b s o l a r ,  p o l e ,  and a n t i s o l a r  p o i n t s .  

Given such a p a t h ,  o r  any h o r i z o n t a l  t r a j e c t o r y ,  f o r  t h e  
buoyant s t a t i o n ,  how f r e q u e n t l y  should o b s e r v a t i o n s  be made? 
sampling t h e  l a r g e - s c a l e  v a r i a t i o n s  of a tmospher ic  pa ramete r s ,  
measurements abou t  every  100 km would be s u f f i c i e n t .  TO o b t a i n  
some i n f o r m a t i o n  on mesoscale v a r i a b i l i t y ,  i t  i s  suggested t h a t  
f o r  one o r  two 100-km l e g s  measurements should be made abou t  1 t o  
5 km spac ing .  

For 
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I n  view of t h e  above d i s c u s s i o n ,  i t  would be d e s i r a b l e  t o  
o b t a i n  v e r t i c a l  soundings  u s i n g  drop sondes a t  l e a s t  a t  t h e  f o l -  
lowing t h r e e  p o i n t s  -- s u b s o l a r ,  p o l e ,  and a n t i s o l a r  p o i n t s .  I f  
a d d i t i o n a l  d rop  sondes a r e  a v a i l a b l e ,  t h e y  should  be r e l e a s e d  a t  
t h e  t e r m i n a t o r  and a t  e v e n l y  d i s t r i b u t e d  p o i n t s  d u r i n g  the l i f e -  
t i m e  o f  t h e  buoyant s t a t i o n .  For  t h e  l a r g e - s c a l e  v e r t i c a l  v a r i -  
a t i o n s  o f  a tmospher ic  pa ramete r s ,  measurements e v e r y  k i l o m e t e r  
would y i e l d  s u f f i c i e n t  r e s o l u t i o n .  For d e t e c t i n g  smaller scale 
f e a t u r e s  i n  t h e  v e r t i c a l  p r o f i l e s ,  measurements e v e r y  100 m f o r  
one o r  t w o  1-km l e g s  a r e  sugges ted .  

Success fu l  accomplishment o f  t h e  coverage and sampling de- 
s c r i b e d  above should  p rov ide  a f i r s t  e s t i m a t e  o f  t h e  c l i m a t o l o g y  
o f  t h e  Venus environment .  It should be emphasized t h a t  w i t h  o u r  
p r e s e n t  knowledge of t h e  Venus atmosphere a s i n g l e  v e r t i c a l  pro-  
f i l e  o r  even a s i n g l e  d i r e c t  o b s e r v a t i o n  of a tmospher ic  param- 
eters  a t  one p o i n t  would c o n s i d e r a b l y  enhance o u r  knowledge. 

ESTIMATE OF TRAJECTORY OF A BUOYANT STATION 

To o b t a i n  o b s e r v a t i o n s  from t h e  s u b s o l a r  p o i n t ,  p o l e ,  and 
a n t i s o l a r  p o i n t  w i t h  t h e  u s e  o f  a s i n g l e  buoyant s t a t i o n  r e q u i r e s  
t h e  t r a j e c t o r y  o f  the BVS t o  p a s s  over  t h e s e  t h r e e  p o i n t s .  The 
t r a j e c t o r y  of t h e  buoyant s t a t i o n  w i t h  r e s p e c t  t o  the  p l a n e t  w i l l  
be  determined by t h e  p r e v a i l i n g  wind p a t t e r n .  I n  t h i s  s e c t i o n ,  we 
a t t e m p t  t o  de te rmine  whether i t  i s  indeed p o s s i b l e  t o  p a s s  over  
t h e s e  t h r e e  p o i n t s  w i t h  a s i n g l e  t r a j e c t o r y .  If  i t  i s  p o s s i b l e ,  
where should  t h e  i n i t i a l  reLease of the  buoyant s t a t i o n  t a k e  p l a c e  
and how much t i m e  would i t  take?  
t h e o r e t i c a l  model of t h e  wind p a t t e r n ,  s i n c e  no o b s e r v a t i o n a l  
i n d i c a t i o n s  o f  winds on Venus a re  c u r r e n t l y  a v a i l a b l e .  A s  such 
wind i n f o r m a t i o n  becomes a v a i l a b l e ,  i t  can be used t o  revise t h e  
p r e s e n t  a n a l y s i s .  

The a n a l y s i s  i s  based on a 

For a synchronously  r o t a t i n g  p l a n e t ,  t h e  s o l a r  h e a t i n g  a t  t h e  
s u b s o l a r  p o i n t  and r a d i a t i v e  c o o l i n g  a t  t h e  a n t i s o l a r  p o i n t  would 
l e a d  t o  t h e  development o f  a d i r e c t  a tmospher ic  c i r c u l a t i o n  from 
s u b s o l a r  p o i n t  t o  a n t i s o l a r  p o i n t  a t  upper l e v e l s  o f  t h e  atmos- 
p h e r e .  T h i s  i s  t h e  type  of  c i r c u l a t i o n  model w e  adop t  f o r  t h e  
winds on Venus, s i n c e  t h e  p l a n e t ' s  a c t u a l  r o t a t i o n  r a t e  i s  so 
small t h a t  C o r i o l i s  e f f e c t s  on winds can be assumed n e g l i g i b l e .  
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I f  Venus were i n  t r u e  synchronous r o t a t i o n ,  t h e  s u b s o l a r  p o i n t  
The t ra-  would a lways  be l o c a t e d  a t  t h e  same p o i n t  on t h e  p l a n e t .  

j e c t o r y  o f  a b a l l o o n  i n  such a case would fo l low t h e  s t r e a m l i n e s  
o f  t h e  c i r c u l a t i o n  p a t t e r n .  The s l i g h t  d e p a r t u r e  of Venus from 
t r u e  synchronous r o t a t i o n  l e a d s  t o  a r o t a t i o n  of t h e  s u b s o l a r  
p o i n t  w i t h  a pe r iod  o f  abou t  117  E a r t h  days .  The t r a j e c t o r y  of 
a b a l l o o n  w i t h  r e s p e c t  t o  t h e  s u b s o l a r  p o i n t ,  p o l e ,  and a n t i s o l a r  
p o i n t s  i s  now determined b o t h  by t h e  c i r c u l a t i o n  p a t t e r n  and t h e  
t a n g e n t i a l  v e l o c i t y  o f  t h e  p l a n e t  w i t h  r e s p e c t  t o  t h e  s u b s o l a r  
p o i n t .  For example, a p a r t i c l e  r e l e a s e d  a t  t h e  s u b s o l a r  p o i n t  
where t h e  h o r i z o n t a l  wind v e l o c i t y  i s  z e r o  would have a component 
o f  motion w i t h  r e s p e c t  t o  t h e  s u b s o l a r  p o i n t  t h a t  depends on t h e  
r a t e  o f  r o t a t i o n  of t h e  s u b s o l a r  p o i n t ,  It i s  t h e  combination of 
t h e s e  two f a c t o r s  - c i r c u l a t i o n  p a t t e r n  w i t h  r e s p e c t  t o  p l a n e t  and 
r a t e  o f  r o t a t i o n  of s u b s o l a r  p o i n t  ( o r  l e n g t h  of day on Venus) - -  
t h a t  w i l l  de te rmine  t h e  t r a j e c t o r y  o f  a b a l l o o n  w i t h  r e s p e c t  t o  a 
frame of r e f e r e n c e  f i x e d  by t h e  sun,  s u b s o l a r  p o i n t ,  and a n t i s o l a r  
p o i n t .  We s h a l l  now i n d i c a t e  how such t r a j e c t o r i e s  can be com- 
pu ted .  

F i g u r e  41. - S p h e r i c a l  Geometry f o r  
Determining T r a j e c t o r y  
of a Buoyant S t a t i o n  on 
Venus 
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F i g u r e  41 i n d i c a t e s  t h e  
e s s e n t i a l  f e a t u r e s  of t h e  spher-  
i c a l  geometry r e q u i r e d  f o r  t h e  
d e r i v a t i o n .  Assume S i s  t h e  
s u b s o l a r  p o i n t  and P i s  t h e  
p o l e .  Venus i s  r o t a t i n g  w i t h  a 
smal l  a n g u l a r  v e l o c i t y ,  w, w i t h  
r e s p e c t  t o  t h e  s u b s o l a r  p o i n t .  
The p o s i t i o n  of t h e  b a l l o o n  i s  
assumed a t  p o i n t  B ,  a t  l a t i t u d e  
8 ,  and l o n g i t u d e  cp. Both lon-  
g i t u d e  and l a t i t u d e  a r e  t aken  a s  
z e r o  a t  t h e  s u b s o l a r  p o i n t  S .  
I f  t h e  p l a n e t  were i n  t r u e  syn- 
chronous r o t a t i o n ,  t h e  p a t h  o f  
t h e  b a l l o o n  would be a g r e a t  c i r -  
c l e  and would f o l l o w  curve  SB 
toward t h e  a n t i s o l a r  p o i n t  A .  
The a n g l e  i i s  t h e  a n g l e  be- 
tween t h e  a r c  SBA of t h e  g r e a t  
c i r c l e  and t h e  e q u a t o r  i n  t h e  
r i g h t  s p h e r i c a l  t r i a n g l e  SBL. 
The a n g l e  6 i s  t h e  a n g l e  between 
t h e  a r c  SBA and t h e  l a t i t u d e  
c i r c l e  a t  B .  It i s  worthwhi le  
t o  mention h e r e  t h a t  t h e s e  two 
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a n g l e s ,  i and 6 ,  a r e  d i f f e r e n t .  The a n g l e  9 i s  t h e  a n g l e  
between r a d i i  OS and OB.  

The wind v e l o c i t y  a t  B i s  a long  t h e  BT d i r e c t i o n  ( t a n-  
g e n t i a l  t o  p o i n t  B i n  the  SBA p l a n e ) .  However, when t h e  
p l a n e t  does  not  have synchronized r o t a t i o n ,  t h e  r o t a t i o n  ve- 
l o c i t y  of t h e  planet- atmosphere  system should be  c o n s i d e r e d .  
The v e l o c i t y  components o f  t h e  planet- atmosphere  system due t o  
r o t a t i o n  w i t h  r e s p e c t  t o  t h e  s u b s o l a r  p o i n t  i s  

v = a w c o s B  
cp 

v = o  
3 

where a i s  t h e  r a d i u s  of Venus. 

The v e l o c i t y  components of t h e  c i r c u l a t i o n  p a t t e r n  a r e  

w = v cos  6 
c p o  

w = V s i n  6 
8 0  

where Vo i s  assumed e q u a l  t o  V s i n  I), where V i s  t h e  

w i n d  v e l o c i t y  a t  t h e  t e r m i n a t o r .  This form f o r  t h e  wind ve loc-  
i t i e s  i s  c o n s i s t e n t  w i t h  a c i r c u l a t i o n  p a t t e r n  i n  which t h e  winds 
i n c r e a s e  from z e r o  a t  t h e  s u b s o l a r  t o  a maximum a t  t h e  t e r m i n a t o r  
and then  drop o f f  t o  z e r o  a t  t h e  a n t i s o l a r  p o i n t .  The combina- 
t i o n  of t h e s e  two v e l o c i t y  systems y i e l d s  

m m 

V = V  c o s 6 + a w c o s 8 = a c o s 8 c p  ( D 3 )  'P 0 

V , = V  s i n 6 = a 8  
0 

From t h e  s p h e r i c a l  geometry shown i n  f i g u r e  41, we can o b t a i n  t h e  
fo l lowing  r e l a t i o n s .  

s i n  cp = cos  6 s i n  15/ ( D 5 )  

( D 6 )  s i n  8 = t a n  cp t a n  6 

s u b s t i t u t i n g  V and e q u a t i o n s  ( D 5 )  and ( D 6 )  i n t o  ( D 3 )  and ( D 4 )  

a n d  then d i v i d i n g  ( D 3 )  by ( D 4 )  l e a d s  t o :  
0 
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s i n  aw cos  0 
c o s  cp syn 9 + ;J- cos  cp s i n  0 

a2= c o s  0 de 
m 

L e t  Y = s i n  cp and a = a w / V m .  Then, e q u a t i o n  (07) becomes 

a +- 
de s i n  0 cos  0 s i n  0 
dY = Y - 

.L 

Equat ion ( D 8 )  h a s  t h e  s o l u t i o n" :  

k s i n  0 - a 
s i n  cp = k t a n  0 - a sec  0 = 

C O S  e 

where k i s  a n  i n t e g r a t i o n  c o n s t a n t .  

Equat ion (D9) i s  t h e  e q u a t i o n  f o r  t h e  BVS t r a j e c t o r i e s  w i t h  
r e s p e c t  t o  t h e  s u b s o l a r  p o i n t .  Each t r a j e c t o r y  i s  determined by 
a s p e c i f i c  c o n s t a n t  k. The v a l u e  of k f o r  a g iven  i n i t i a l  
p o s i t i o n  and maximum wind v e l o c i t y  V a t  t h e  t e rmina to r  can  be 
c a l c u l a t e d  from: m 

0 
a C s i n  cp cos  8 

s i n  0 
0 k =  
0 

(DlOa) 

where 8 and cpo a r e  t h e  i n i t i a l  l a t i t u d e  and l o n g i t u d e ,  r e -  

s p e c t i v e l y ,  of t h e  BVS w i t h  r e s p e c t  t o  t h e  s u b s o l a r  p o i n t ,  
a t  n a t i v e l y ,  g iven  t h e  d e s i r e d  l a t i t u d e  eT and l o n g i t u d e  

which t h e  BVS i s  t o  c r o s s  t h e  t e r m i n a t o r ,  t h e  va lue  of k can be  
computed from: 

0 
A l t e r -  

VT 

a 4- s i n  cp C O S  eT T 
s i n  8 k =  Y 

T 
(DlOb) 

and s u b s t i t u t e d  i n t o  e q u a t i o n  (D9) t o  g e t  t h e  t r a j e c t o r y  and,  
hence,  t h e  l o c u s  o f  i n i t i a l  p o s i t i o n s  t h a t  w i l l  g i v e  t h e  d e s i r e d  
t e r m i n a t o r  c r o s s i n g .  

4- 

Use a n  i n t e g r a t i n g  f a c t o r  c o t  0 .  
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For Venus, t h e  s i d e r e a l  p e r i o d  o f  r o t a t i o n  i s  -243.1 days  and 
t h e  s i d e r e a l  p e r i o d  o f  r e v o l u t i o n  about  t h e  sun i s  224.7 d a y s .  
The a n g u l a r  v e l o c i t y  o f  a p o i n t  on t h e  Venus e q u a t o r  w i t h  r e s p e c t  
t o  a f i x e d  d i r e c t i o n  i n  space  i s  -0.0258 r a d l d a y  (see f i g .  4 2 ) ;  
t h e  a n g u l a r  v e l o c i t y  o f  the  sun w i t h  r e s p e c t  t o  t h i s  same f i x e d  
d i r e c t i o n  i s  0.0278 r a d l d a y .  T h e r e f o r e ,  t h e  a n g u l a r  v e l o c i t y  o f  
t h e  sun a s  s e e n  from a p o i n t  on Venus' e q u a t o r  i s  0.0538 r a d l d a y  
and t h e  l e n g t h  of one day on Venus i s  116.8 E a r t h  d a y s .  The 
cor responding  a n g u l a r  v e l o c i t y  o f  Venus w i t h  r e s p e c t  t o  t h e  sub- 

s o l a r  p o i n t  i s  t h e n  -6.23 x 10 r a d l s e c  and t h e  l i n e a r  v e l o c i t y  
o f  t h e  atmosphere nea r  t h e  c loud t o p s  (- 6100 km) i s  a w = -3.80 
m/sec. I f  w e  assume that  t h e  maximum wind v e l o c i t y  a t  t h e  t e r -  
mina to r  i s  V = 6.33 m/sec, t h e n  a = a w / V m  = -0.60. Severa l  

t r a j e c t o r i e s  t h a t  r e s u l t  w i t h  t h i s  v a l u e  o f  t h e  t e r m i n a t o r  wind 
v e l o c i t y  a re  p l o t t e d  i n  f i g u r e  43.  The p o i n t s  S and A a r e  
t h e  s u b s o l a r  and a n t i s o l a r  p o i n t s ,  r e s p e c t i v e l y .  The p o i n t s  D 
and C are  t h e  s o u r c e  and s i n k  o f  t h e  t r a j e c t o r y  f i e l d  and a re  
d i s p l a c e d  from t h e  s u b s o l a r  and a n t i s o l a r  p o i n t s .  T r a j e c t o r i e s  
d i v e r g e  from D and converge a t  C. The p a t t e r n  of  t r a j e c t o r i e s  
shown i n  f i g u r e  43 i n d i c a t e s  t h a t  t h e r e  i s  no s i n g l e  t r a j e c t o r y  
t h a t  p a s s e s  d i r e c t l y  over  s u b s o l a r ,  p o l e ,  and a n t i s o l a r  p o i n t s .  
The most f a v o r a b l e  t r a j e c t o r y  f o r  a buoyant b a l l o o n  a t t e m p t i n g  t o  
s ample  s u b s o l a r ,  p o l e ,  and a n t i s o l a r  p o i n t s  p a s s e s  d i r e c t l y  over  
the po le .  The o n l y  t r a j e c t o r y  t h a t  p a s s e s  over  b o t h  t h e  s u b s o l a r  
and a n t i s o l a r  p o i n t s  i s  t h e  e q u a t o r i a l  t r a j e c t o r y  DSAC. 

-7 

m 

The l o c a t i o n  o f  p o s i t i o n s  D and C depends on  t h e  v a l u e  of 
a w / V m  and i s  g i v e n  by 

For comple te ly  synchronized r o t a t i o n ,  w = 0 ,  t h e n  (p = 0) .  T h i s  
means t h a t  t h e  l o c a t i o n  o f  p o i n t s  D and C would c o i n c i d e  w i t h  
S and A ,  r e s p e c t i v e l y .  That  i s ,  t h e  p a t t e r n  of t h e  t r a j e c t o r i e s  
becomes symmetr ical  w i t h  r e s p e c t  t o  SPA and i s  e x a c t l y  the  same 
a s  t h e  wind p a t t e r n .  Then, i f  w e  r e l e a s e  a b a l l o o n  a t  t h e  sub- 
s o l a r  p o i n t ,  t h e  b a l l o o n  w i l l  p a s s  over  t h e  p o l e  toward t h e  a n t i -  
s o l a r  p o i n t .  S ince  w + 0 i n  t h e  a c t u a l  c a s e ,  a t r a j e c t o r y  o f  a 
f r e e l y  f l o a t i n g  b a l l o o n  cannot  p a s s  s u b s o l a r  p o i n t ,  p o l e ,  and a n t i -  
s o l a r  p o i n t  i n  one pass .  
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90 The t i m e  r e q u i r e d  f o r  a BVS deployed a t  a g iven  

t o  r e a c h  t h e  t e r m i n a t o r  can be  c a l c u l a t e d  from t h e  above e q u a t i o n s .  
The o n l y  v e l o c i t y  component needed i s  t h a t  i n  t h e  mer id iona l  d i -  
r e c t i o n ,  V8, because r o t a t i o n  a c t s  p e r p e n d i c u l a r  t o  . There-  % 
f o r e ,  w e  i n t e g r a t e :  

t 

l d t ’ = j  
v8 

0 
0 8 

t o  f i n d  t h e  t ime i t  t a k e s  a BVS deployed a t  l a t i t u d e  8 t o  c r o s s  

t h e  t e r m i n a t o r  a t  l a t i t u d e  

i n  e q u a t i o n  (D4) g i v e s :  

0 . S u b s t i t u t i n g  f o r  V and s i n  6 
OT 0 

OT 
t = a I d e  

s i n  8 c o s  cp 
m 
V 

where cp i s  g iven  by e q u a t i o n  (D9) w i t h  t h e  v a l u e  of k g iven  
by e q u a t i o n  (DlOa); eT i s  found from e q u a t i o n  (DlOb). The 

i n t e g r a l  i n  (D13) h a s  no obvious  a n a l y t i c  s o l u t i o n  so numerical  
i n t e g r a t i o n  m u s t  be  used. 

For  t h e  t r a j e c t o r y  t h a t  p a s s e s  over  t h e  p o l e ,  cp changes 
s lowly w i t h  8 and we can approximate (D13) by:  

where 

k s i n  O n  - a 
s i n  rp = 

n c o s  8 n 
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e = (. -1-1) ne 
n 

- e  
ne = eT - No (NT. N~ i n t e g e r s  

NT o 

I f  t h e  BVS i s  deployed e x a c t l y  a t  D ,  where 8 = 0,  i t  w i l l ,  
0 

i n  p r i n c i p l e ,  never  move away from D.  That i s ,  t h e  time r e q u i r e d  
t o  r e a c h  t h e  p o l e  i s  i n f i n i t y .  T h e r e f o r e ,  t h e  BVS should  n o t  be  
deployed a t  D ,  b u t  some d i s t a n c e  away. A s  a n  example, assume 
t h e  BVS i s  deployed a t  a l a t i t u d e  o f  5". I f  t h e  BVS i s  t o  p a s s  
over  t h e  po le  (eT = go",  cpT = 0" ) '  t h e  v a l u e  o f  k given  by 

e q u a t i o n  (DlOb) i s  k = a = - 0.6. For  ne = 5 " ,  t a b l e  29 g i v e s  
t h e  times when t h e  BVS r e a c h e s  t h e  g i v e n  l a t i t u d e s .  I f  t h e  BVS 
i s  deployed a t  5" l a t i t u d e  and 30.25" l o n g i t u d e ,  i t  w i l l  p a s s  over  
t h e  p o l e  i n  38.2 days ;  i f  deployed a t  45" l a t i t u d e  and 14.4" l o n-  
g i t u d e ,  i t  t a k e s  o n l y  10 days  t o  reach  t h e  po le .  The time i s  
s i g n i f i c a n t l y  reduced s i n c e  t h e  wind v e l o c i t i e s  a r e  h i g h e r  a t  t h e  
h i g h e r  l a t i t u d e s .  The l a s t  column i n  t a b l e  29 g i v e s  t h e  t i m e  r e -  
qu i red  t o  r e a c h  t h e  p o l e  i f  deployed a t  t h e  cor responding  l a t i t u d e .  

For  t r a j e c t o r i e s  no t  p a s s i n g  near  the  p o l e ,  t h e  approximat ion 
(D14) b r e a k s  down s i n c e  cp changes more r a p i d l y  t h a n  e and o t h e r  
i n t e g r a t i o n  t echn iques  g i v e  more a c c u r a t e  r e s u l t s ,  ( e .g . ,  Simpson's  
R u l e ) .  

I f  t h e  BVS were deployed a t  t h e  s u b s o l a r  p o i n t ,  i t  would t r a v e l  
a long  t h e  e q u a t o r  t o  t h e  evening t e r m i n a t o r  i n  a t i m e :  

J t : 6.66 days  

T h e r e f o r e ,  a BVS deployed a t  t h e  s u b s o l a r  p o i n t  would p a s s  over  
t h e  a n t i s o l a r  p o i n t  i n  abou t  13.3 days.  
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TABLE 29. - BVS FLIGHT TIMES VS LATITUDE FOR 
POLAR TRAJECTORY (k = -0.6) - 

n 

1 
- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14 

15  

16 

1 7  

--- - 

. a t i t u d e ,  8 ,  

5 
7.5 

deg 

10 
12.5 

15  
17.5 

20 
22.5 

25 
27.5 

30 
32.5 

35 
37.5 

40 
42.5 

45 
47.5 

50 
52.5 

55 
57.5 

60 
62.5 

65 
67.5 

70 
72.5 

75 
77.5 

80 
82.5 

85  
87.5 
90 

Longi tude,  cp, 
deg 

31.75 

28.78 

26.10 

23.63 

21.35 

19.22 

1 7 . 2 1  

15.31 

13.49 

11.75 

10.07 

8.44 

6.85 

5.30 

3.77 

2.25 

.75 
0 

rime, 
days 

0 
- 

9.15 

14.37 

18.02 

20.82 

23.10 

25.03 

26.71 

28.21 

29.58 

30.83 

32.01 

33.13 

34.19 

35.22 

36.23 

37.21 

38.19 

AT, 
days 

38.19 

29.04 

23.82 

20.17 

17.37 

15.09 

13.16 

11.48 

9.98 

8.61 

7.36 

6.18 

5.06 

4.00 

2.97 

1.96 

0.98 

0 
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It should  be  unders tood t h a t  t h e s e  resu l t s  a re  based on theo-  
r e t i c a l  estimates o f  t h e  wind p a t t e r n .  The g e n e r a l  p a t t e r n  o f  the  
BVS t r a j e c t o r i e s  i s  v e r y  p l a u s i b l e ;  however, the e x a c t  l o c a t i o n s  
o f  t h e  p o i n t s  D and C o r ,  e q u i v a l e n t l y ,  t h e  v a l u e  o f  the wind 
v e l o c i t y  a t  t h e  t e r m i n a t o r  i s  extremely u n c e r t a i n .  I f  the wind 
speeds  a r e  g r e a t e r  t h a n  assumed, t h e n  t h e  d e p a r t u r e  o f  t h e  p o i n t s  
D and C from t h e  s u b s o l a r  and a n t i s o l a r  p o i n t s  would b e  re-  
duced. I n  t h i s  c a s e ,  t h e  t r a j e c t o r y  t h a t  p a s s e s  o v e r  t h e  p o l e  
would p a s s  c l o s e r  t o  t h e  s u b s o l a r  and a n t i s o l a r  p o i n t s  t h a n  shown 
i n  f i g u r e  43. 

ADVANTAGES OF MORE THAN ONE BUOYANT STATION 

The above d i s c u s s i o n  i n d i c a t e s  t h a t  a l t h o u g h  i t  does  n o t  seem 
p o s s i b l e  t o  p a s s  e x a c t l y  o v e r  s u b s o l a r ,  p o l e ,  and a n t i s o l a r  p o i n t s  
w i t h  a s i n g l e  b a l l o o n  t r a j e c t o r y ,  i t  does  appear p o s s i b l e  t o  come 
r e a s o n a b l y  c l o s e  t o  t h e s e  p o i n t s  wi th  a s i n g l e  buoyant s t a t i o n .  
The amount of time n e c e s s a r y  to complete t h e  r e q u i r e d  t r a j e c t o r y  
i s  e s t i m a t e d  t o  be  abou t  50 t o  100 days.  I f  more i n f o r m a t i o n  on 
t h e  wind f i e l d  becomes a v a i l a b l e  b e f o r e  t h e  BVS miss ion ,  and i f  
t h e  new wind i n f o r m a t i o n  a g r e e s  w i t h  t h e  wind model used i n  o u r  
c a l c u l a t i o n s  o f  t r a j e c t o r i e s ,  t h e n  a s i n g l e  buoyant s t a t i o n  m i s -  
s i o n  t o  o b t a i n  t h e  d e s i r e d  coverage o f  Venus would be p r a c t i c a b l e .  
I f  n o t ,  two o r  three s e p a r a t e  buoyant s t a t i o n s  would be  d e s i r a b l e  
t o  a s su re  s u c c e s s f u l  sampling.  Rather  than r e l y i n g  on t h e  wind 
f i e l d  t o  p o s i t i o n  t h e  b a l l o o n  o v e r  t h e  d e s i r e d  sampling p o i n t s ,  
t h e  two o r  t h r e e  buoyant s t a t i o n s  could be  i n j e c t e d  i n i t i a l l y  
over  t h e s e  p o i n t s .  For two s t a t i o n s ,  t h e  recommended i n j e c t i o n  
p o i n t s  a r e  t h e  s u b s o l a r  and a n t i s o l a r  p o i n t s .  For t h r e e  s t a t i o n s ,  
the  recommended i n j e c t i o n  p o i n t s  a r e  t h e  s u b s o l a r ,  a n t i s o l a r ,  and 
p o l e  p o i n t s .  

The r e a l i z a t i o n  o f  t h e s e  d e s i r e d  i n j e c t i o n  p o i n t s  i s  c r i t i c a l l y  
dependent on the y e a r ,  and hence on  t h e  p o s s i b l e  o r b i t s  o r  approach 
t r a j e c t o r i e s  t h a t  can be  o b t a i n e d .  Indeed,  even i f  t h e  d e s i r e d  
i n j e c t i o n  p o i n t s  could  b e  a t t a i n e d ,  i t  i s  n o t  a t  a l l  obvious  t h a t  
t h e  communication l i n k  between t h e  o r b i t e r  o r  f l y b y  and t h e  BVS 
could be  mainta ined f o r  any l e n g t h  o f  t ime.  Such c o n s i d e r a t i o n s  
were beyond t h e  scope o f  t h e  p r e s e n t  s tudy ;  however, t h e y  a r e  
c r i t i c a l  and should  be  i n v e s t i g a t e d  i n  any f u t u r e  s tudy.  
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TRACKING INSTRUMENTATION 

J. D. P e t t u s ,  M. L. S a l i s ,  and E. P. F r i e n d  
M a r t i n  Marietta Corpora t ion  

T h i s  appendix i s  t h e  r e s u l t  of a s t u d y  t o  i n v e s t i g a t e  means 
of  de termining  t h e  p o s i t i o n  of  t h e  buoyant s t a t i o n  i n  r e l a t i o n  
t o  a p l a n e t  c e n t e r e d  c o o r d i n a t e  system, t o  recommend a r e f e r e n c e  
c o o r d i n a t e  system, and t o  i n v e s t i g a t e  t h e  measurements and e r r o r s  
i nvo lved .  

A t echn ique  f o r  l o c a t i n g  t h e  s t a t i o n  h a s  been sugges ted  i n  
.which t h e  s t a t i o n  i s  l o c a t e d  i n  r e l a t i o n  t o  t h e  o r b i t e r ' s  o r b i t  
t h a t  i s ,  i n  t u r n ,  r e f e r e n c e d  t o  an  i n e r t i a l  c o o r d i n a t e  frame. 

The t echn ique  r e q u i r e s  r ang ing  measurements from the  o r b i t e r  
t o  t h e  s t a t i o n  and r e s o l u t i o n  of t h e  ambigui ty  of two l o c a t i o n s  
by a n  i n e r t i a l  n a v i g a t i o n  system on t h e  s t a t i o n  o r  a d i r e c t i o n  
f i n d i n g  system on t h e  o r b i t e r .  

E r r o r s  of  a s  much a s  1000 km under c e r t a i n  c o n d i t i o n s  can 
occur  because  o f  t h e  l a c k  of knowledge o f  t h e  r a d i u s  o f  t h e  
p l a n e t  (2140 km), however, t h e s e  e r r o r s  c a n  be r e t r o a c t i v e l y  
reduced a t  any t i m e  t h a t  a more a c c u r a t e  knowledge of  p l a n e t  
r a d i u s  i s  de t e rmined ,  

E r r o r s  i n  r ang ing  and i n  de termining  t h e  r a d i u s  t o  t h e  o r -  
b i t e r  a t  t h e  p o i n t  of  ranging  a r e  expected  t o  c o n t r i b u t e  l e s s  
t o  p o s i t i o n  e r r o r  than  t h e  p l a n e t  r a d i u s  u n c e r t a i n t y ,  

The g r e a t e s t  e r r o r s  occur  when t h e  s t a t i o n  i s  l o c a t e d  w i t h i n  
a few degrees  of t h e  o r b i t a l  p l ane  n e a r  t h e  subapoaps is  p o i n t  
because t h i s  i s  where s e n s i t i v i t y  t o  e r r o r s  have t h e i r  g r e a t e s t  
e f f e c t  and where i t  i s  most d i f f i c u l t  t o  r e s o l v e  t h e  ambiguity 
i n  p o s i t i o n .  

Th i s  a n a l y s i s  has  been conducted assuming t h a t  t h e  o r b i t a l  
parameters  a r e  known e x a c t l y .  Two computer programs were w r i t t e n  
and used i n  t h e  a n a l y s i s  t o  de termine  e r r o r s  and s e n s i t i v i t i e s  t o  
e r r o r s  i n  range  measurement, p l a n e t  r a d i u s  and r a d i u s  from the  
p l a n e t  c e n t e r  of mass t o  t h e  o r b i t e r .  
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REQUIREMENT 

The requi rement  t o  know t h e  p o s i t i o n  of  t h e  BVS i s  based on 
t h e  d e s i r e  t o  i d e n t i f y  t h e  c o o r d i n a t e s  ( r e f e r e n c e d  t o  Venus) of  
any i n t e r e s t i n g  phenomena observed on  t h e  p l a n e t ' s  s u r f a c e  o r  i n  
t h e  atmosphere and t o  map t h e  predominant wind p a t t e r n .  

The p o s i t i o n  accu racy  d e s i r e d  can be a r r i v e d  a t  by c o n s i d e r i n g  
accuracy  i n  l o c a t i n g  phenomena by o t h e r  means such a s :  

1) I R  and o p t i c a l  measurements from E a r t h ,  400 km; 

2 )  Radar measurements from E a r t h ,  100 km; 

3) Radar measurements from t h e  o r b i t e r  ( b u s ) ,  10 t o  50 
km . 

I f  t h e  s t a t i o n  can be l o c a t e d  a t  t h e  t i m e  o f  any g iven  measure- 
ment t o  a n  accuracy  r e l a t i v e  t o  t h e  s u r f a c e  of t h e  same o r d e r  o f  
magnitude a s  t he  above, t h e  d a t a  could be coordina ted  w i t h  o t h e r  
measurements from E a r t h  and the  b u s .  On t h i s  b a s i s  an  accuracy  
of 5300 km h o r i z o n t a l l y  and tl km above t h e  l o c a l  s u r f a c e  i s  taken  
a s  a t e n t a t i v e  goa l .  

STATEMENT OF PROBLEM 

The problem i s  t o  provide  t h e  d e s i r e d  s t a t i o n  p o s i t i o n  d a t a  
us ing  r e a d i l y  o b t a i n a b l e  in fo rma t ion .  

The dimensions t h a t  a r e  o r  will be b e t t e r  
lem a r e :  

1) The o r b i t a l  parameters  of  t h e  b u s  
t h e  p l a n e t  c e n t e r  o f  mass and t h e  
frame ; 

known i n  t h i s  prob- 

i n  r e l a t i o n  t o  both 
i n e r t i a l  r e f e r e n c e  

2 )  The p o s i t i o n  of  t h e  bus i n  i t s  o r b i t  a s  a f u n c t i o n  
o f  E a r t h  t ime;  

3 )  The d iameter  of  t h e  v i s i b l e  p l a n e t  i n c l u d i n g  cloud 
cover  --  k150 km; 

4 )  Surface  d iameter  -- +280 km. 
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The o r b i t a l  parameters  w i l l  be  d e f i n e d  more a c c u r a t e l y  w i t h  
each  o r b i t  t racked.  from E a r t h  up t o  a d a t a  s a t u r a t i o n  p o i n t ;  how- 
ever, w i t h o u t  f u r t h e r  l i t e r a t u r e  s e a r c h  o r  a n a l y s i s ,  i t  i s  n o t  
p o s s i b l e  a t  t h i s  t i m e  t o  p r e d i c t  t o  what accuracy  t h e y  w i l l  be 
known. There fore ,  f o r  purposes  o f  t h i s  r e p o r t  i t  i s  assumed t h a t  
t h e  o r b i t a l  pa ramete r s  w i l l  be  e x a c t l y  known. 

Values  t h a t  a r e  n o t  known we l l  enough t o  be  o f  any use i n i -  
t i a l l y  t o  t h i s  problem a re :  

1) Axis o f  r o t a t i o n  - -  w i t h i n  10" of o r b i t  a x i s ;  

2)  S i d e r e a l  p e r i o d  of r o t a t i o n  - -  250.4, e a r t h  days ( s e e  
Appendix F ) ;  

3 )  Magnetic f i e l d s  -- unknown; 

4 )  Sur face  landmarks.  

The s t u d y  ground r u l e  r e q u i r i n g  d a y l n i g h t  o p e r a t i o n  a s  w e l l  a s  
a d e s i r e  t o  o p e r a t e  i n  and under t h e  c louds  p r e c l u d e s  t h e  c o n t i n-  
uous use  o f  one more p i e c e  o f  datum - -  t h e  d i r e c t i o n  t o  t h e  sun. 

APPROACH TO THE PROBLEM 

The approach t o  the  problem i s  t o  make use  of  t h e  most a c c u r a t e  
p i e c e  o f  datum -- the o r b i t  o f  t h e  b u s  - -  a s  t h e  b a s i c  r e f e r e n c e  
and t o  develop a concept  t h a t  w i l l  p e r m i t  r e f inement  o f  t h e  a c-  
curacy  of l o c a t i o n  a t  such time a s  o t h e r  pa ramete r s ,  such a s  s u r -  
f a c e  r a d i u s  and a x i s  of  r o t a t i o n ,  become b e t t e r  d e f i n e d .  

The s t a t i o n  can be l o c a t e d  ambiguously and w i t h  some e r r o r  i n  
r e f e r e n c e  t o  t h e  o r b i t  by measuring t h e  range from t h e  o r b i t e r  a t  
t i m e  t l  and a g a i n  a t  t i m e  t a s  shown i n  f i g u r e  44 and by a s -  2 
suming t h a t  t h e  s t a t i o n  i s  l o c a t e d  on a r e f e r e n c e  sphere  w i t h  
r a d i u s  equa l  t o  t h e  r a d i u s  o f  t h e  p l a n e t  p l u s  the a l t i t u d e  o f  the  
buoyant s t a t i o n  above t h e  s u r f a c e .  The p o i n t s  A and B g i v e  t h e  
ambiguous l o c a t i o n .  Methods o f  r e s o l v i n g  the  ambigui ty  r e q u i r e  
use  o f  a d i r e c t i o n  f i n d i n g  technique i n  the  o r b i t e r  or a n  i n e r t i a l  
system i n  t h e  s t a t i o n .  These methods a r e  d i s c u s s e d  l a t e r .  Since  

a r e  known i f  t h e  o r b i t a l  parameters a re  known and t h e  and €J2 

r anges  G1 and G a r e  measured, t h e  o n l y  unknown i s  t h e  r e f e r -  

ence sphere  r a d i u s .  Once t h i s  i s  assumed us ing  t h e  b e s t  known d a t a  
on s u r f a c e  d iamete r  and by measuring t h e  a l t i t u d e  of t h e  s t a t i o n  
one can c a l c u l a t e  t h e  l a t i t u d e s  and l o n g i t u d e s  o f  A and B on t h e  
r e f e r e n c e  sphere  by us ing  the  fo l lowing  e q u a t i o n s .  

2 
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I ,-Station located on 

~ O r b i t e r  

7- t2 

F i g u r e  44. - Geometry f o r  Determining S t a t i o n  P o s i t i o n  i n  Reference  t o  
P e r i a p s i s  and  O r b i t a l  P l ane  

) ( E l )  
2 2 

R s i n  (82 - e,) 
- 2P P cos  

L a t i t u d e  

( n o r t h  o r  south)  1 2 (82 - @l> 

where 

2 2 
R q 2  + R - G, 

p1 

2 
P 

L L - - 
2R1 

R22 + R2 - G2 2 
- - 

2R2 

6 = l a t i t u d e  measured from o r b i t a l  p lane  o n  r e f e r e n c e  
sphere  ( n o r t h  o r  sou th  t o  be  r e so lved )  

R = r a d i u s  o f  r e f e r e n c e  sphere  

1 Rl = d i s t a n c e  from c e n t e r  of  p l a n e t  mass t o  o r b i t e r  a t  0 

I 
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where 

2 
R2 = d i s t a n c e  from c e n t e r  of  p l a n e t  mass t o  o r b i t e r  a t  0 

= t r u e  anomaly a t  f i r s t  p o i n t  of r ang ing  from t h e  o r -  
b i t e r  

e2 = t r u e  anomaly a t  second p o i n t  o f  r ang ing  from t h e  o r -  
b i t e r  

1 G = range from o r b i t e r  t o  s t a t i o n  (measured) a t  8 1 

2 G2 = range from o r b i t e r  t o  s t a t i o n  (measured) a t  6' 

2 

1 

P cos  e - P cos  e 
P s i n  e2 - P s i n  0 

1 1 

1 2 
Longitude = 8 = a r c  t a n  

3 

e3 = l o n g i t u d e  of  the  s t a t i o n  measured on t h e  r e f e r e n c e  
sphere  from t h e  p e r i a p s i s  of t h e  o r b i t  and perpen-  
d i c u l a r  t o  t h e  o r b i t a l  p lane  ( s e e  f i g .  4 4 )  

These parameters  may be r e a d i l y  conver ted  t o  t h e  recommended 
c o o r d i n a t e  system i n  which an i n e r t i a l  r e f e r e n c e  frame i s  used.  
However, f o r  i n i t i a l  c a l c u l a t i o n s  and e v a l u a t i o n  of  t h e  e r r o r  
s e n s i t i v i t i e s  of t h e  v a r i a b l e s ,  t h e  above equa t ions  were used.  

ERRORS I N  DETERMINING THE POSITION OF THE STATION 

Var ious  parameters  c o n t r i b u t e  t o  t h e  u n c e r t a i n t y  i n  t h e  loca-  
t i o n  of p o i n t s  A and B .  I n  r e f e r e n c e  t o  f i g u r e  44 t h e s e  param- 
e t e r s  a r e :  

1) E r r o r s  i n  the  range measurements G I  and G 2 ;  

2 )  The p o s i t i o n  accuracy  of t h e  bus a t  p o i n t s  P and 1 
2 ;  

P 

3) Movement of the  s t a t i o n  between t h e  f i r s t  and second 
ranging measurement ( e q u i v a l e n t  t o  a n  e r r o r  i n  r a n g e ) ;  

from the  buoyant s t a t i o n  t o  the  s u r f a c e  o f  the  p l a n e t ;  
4 )  E r r o r s  i n  the  a l t i m e t e r  measurement of t h e  d i s t a n c e  
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5) E r r o r s  i n  t h e  assumed d i s t a n c e  from t h e  c e n t e r  o f  mass 
o f  t h e  p l a n e t  t o  t h e  s u r f a c e  below the buoyant s t a-  
t i o n  ( e r r o r  i n  the r e f e r e n c e  sphere  r a d i u s ) .  

An a n a l y s i s  of  t h e  s e n s i t i v i t y  o f  t h e  c a l c u l a t e d  s t a t i o n  po- 
s i t i o n  f o r  v a r i o u s  s t a t i o n  l o c a t i o n s  around the o r b i t  ( l o n g i t u d e )  
and f o r  v a r i o u s  l a t i t u d e s  was conducted by de te rmin ing  varia- 
t i o n s  i n  l a t i t u d e  and l o n g i t u d e  by s u c c e s s i v e l y  increment ing R 
( t h e  r a d i u s  o f  t h e  r e f e r e n c e  s p h e r e ) ,  R2 ( t h e  r a d i a l  d i s t a n c e  

of t h e  o r b i t e r  from t h e  p l a n e t  c e n t e r  of mass) ,  and 

second range measurement from t h e  o r b i t e r )  t o  de te rmine  a c t u a l  
p o s i t i o n  e r r o r s  v s  e r r o r s  i n  t h e  above v a r i a b l e s .  
increments  were used:  

( t h e  
G2 

The fo l lowing  

1) t 2 0  km i n  R ;  

2)  +1 km i n  G 2 ;  

3)  +5 km i n  R2 ' 

The r e s u l t s  a re  shown i n  f i g u r e s  45 t h r u  47.  Obviously,  the  
u n c e r t a i n t y  i n  p o s i t i o n  i s  much g r e a t e r  when the s t a t i o n  i s  l o -  
c a t e d  nea r  t h e  o r b i t a l  p l a n e  (6 ; 0") and s e n s i t i v i t y  t o  e r r o r s  
i n  R,  and G a re  ex t remely  h i g h  under t h e s e  c o n d i t i o n s .  

R2 , 2 

RESOLUTION OF AMBIGUITY BY INERTIAL NAVIGATION 

Using t h e  r f  t r i a n g u l a t i o n  rang ing  scheme (de f ined  i n  t h e  
f i n a l  s e c t i o n  of t h i s  append ix) ,  which l o c a t e s  t h e  BVS t o  two 
s p e c i f i c  p o i n t s  on t h e  r e f e r e n c e  s p h e r e ,  i t  becomes necessa ry  t o  
r e s o l v e  t h i s  ambigui ty  and p rov ide  means t o  subsequen t ly  have 
knowledge o f  t h e  BVS p o s i t i o n  t ime h i s t o r y .  

S ince  p l a n e t  o b s e r v a b l e s  a r e  no t  d e f i n e d  on Venus and c e l e s -  
t i a l  b o d i e s  cannot  be  r e l i a b l y  depended upon a s  v i s i b l e  due t o  
the Cytherean c loud l a y e r ,  t h e  o n l y  type  o f  system which would 
p rov ide  a known o r i e n t a t i o n  and,  t h e r e f o r e ,  be  capab le  of y i e l d -  
i n g  con t inuous  p o s i t i o n a l  i n f o r m a t i o n  i s  a gyro r e f e r e n c e d  i n -  
e r t i a l  p la t fo rm.  I n  t h e  most o p t i m i s t i c  u s e  o f  t h i s  type  o f  s y s-  
t e m ,  t h e  BVS would be i n i t i a l i z e d  i n  some known o r i e n t a t i o n ,  de-  
o r b i t e d  from t h e  o r b i t i n g  v e h i c l e ,  e n t e r  t h e  Cytherean atmosphere 
a c c u r a t e l y  r e t a i n i n g  t h i s  o r i g i n a l  a t t i t u d e  frame and w i t h  a n  
o r t h o g o n a l  t r i a d  o f  l i n e a r  a c c e l e r o m e t e r s  monicor t h e  BVS p o s i t i o n  
throughout  t h e  miss ion.  
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Figu re  45. - S t a t i o n  Pos i t i on  Uncer ta in ty  vs Measurement Errors  f o r  03 ", = 0' 

Legend : 

R = d i s t ance  from p l ane t  c en t e r  
of mass t o  the  s t a t i o n  

G2 = range from o r b i t e r  t o  s t a t i o n  

Rz = r ad iu s  from p l ane t  c e n t e r  of 

0 = s t a t i o n  longi tude  

s -  = s t a t i o n  l a t i t u d e  

mass t o  o r b i t e r  

= t r u e  anomaly a t  po in t  of f i r s t  
range measurement 

range measurement 
02 = t r u e  anomaly a t  po in t  of second 

= 550 

02 = 125" 

Figu re  4 6 .  - Sta t i on  Pos i t i on  Uncertainty vs Measurement Errors  f o r  0 = 90" 
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F i g u r e  47. - S t a t i o n  P o s i t i o n  U n c e r t a i n t y  vs Measurement Errors f o r  03 = 180' 

For m i s s i o n s  i n v o l v i n g  t h e  s e v e r e  environment t h a t  the  BVS 
w i l l  be  s u b j e c t e d  t o  d u r i n g  a tmospher ic  e n t r y ,  a system of t h i s  
'kind could  n o t  be expected t o  r e t a i n  i t s  o r i g i n a l  frame o f  r e f -  
e rence  and some method o f  checking t h e  degree  t o  which t h i s  oc-  
c u r s ,  and subsequent  ad jus tments  i n  t h e  d a t a  e v a l u a t i o n  would 
have t o  be  e f f e c t e d  p o s t  e n t r y .  I n  a d d i t i o n ,  t h e  d u r a t i o n  o f  
t h e  miss ion  ( 4  weeks o r  g r e a t e r )  i n d i c a t e s  s u b s t a n t i a l  d r i f t  
e r r o r s  due mainly  t o  gyro  mass unbalance and means w i l l  have t o  
b e  provided t o  account  f o r  e r r o r s  o f  t h i s  s o r t .  

The major problem a s s o c i a t e d  w i t h  t h e  s e v e r e  e n t r y  env i ron-  
ment i s  t h e  p o s s i b l e  damage t o  t h e  i n e r t i a l  components and sub- 
sequent  l o s s  o f  miss ion  nav iga t ion .  I f  t h i s  problem can be  re-  
s o l v e d ,  the  loss  o f  o r i g i n a l  r e f e r e n c e  frame can be handled by 
a combination o f  t h e  o r b i t e r  r ang ing  in fo rmat ion  and acce le romete r  
o u t p u t s  over  a long enough per iod  t o  p r o p e r l y  choose t h e  c o r r e c t  
p o s i t i o n  o f  t h e  BVS. 

The N o r t r o n i c s  NIT 130 F loa ted  Sphere Naviga t ion  System h a s  
been t e s t e d  t o  75 g a p p l i e d  con t inuous ly  w i t h o u t  a p p r e c i a b l e  ac-  
curacy  e r r o r  and should  t h e r e f o r e  be expected t o  s u s t a i n  a s l i g h t -  
l y  h i g h e r  environment f o r  a r e l a t i v e l y  s h o r t  t ime w i t h o u t  perma- 
nent  damage t o  t h e  system. T h i s  system uses  a n  o u t e r  sphere  
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mounted t o  t h e  c a s e  w i t h  a n  i n n e r  sphere  f l o a t e d  i n s i d e .  The 
i n n e r  sphere  c o n t a i n s  t h e  i n e r t i a l  components and t h e  gyro p ick-  
o f f  s i g n a l s  a s  w e l l  a s  t h e  acce le romete r  o u t p u t s  a r e  t e lemete red  
i n  and o u t  l i m i t i n g  t h e  p h y s i c a l  connec t ions  between t h e  i n n e r  
and o u t e r  spheres  t o  power l e a d s .  

The K e a r f o t t  MINS I n e r t i a l l y  Gimbaled P la t fo rm and t h e  Honey- 
w e l l  SIGN 111 Strapdown System are two o t h e r  n a v i g a t i o n a l  systems 
t h a t  could  s u s t a i n  t h e  environment o f  e n t r y  and accur ' .  e l y  be  
i n i t i a l i z e d  a f t e rwards .  

The s i z e ,  we igh t  and power requ i rements  o f  t h e  t h r e e  system: 
mentioned a r e  compared i n  t a b l e  30. 

TABLE 30.  - SIZE, WEIGHT, AND POWER COM- 
PARISON OF THE CONCEPTUAL NAVI-  
GATION SYSTEMS 

Nor t r o  n i  c s 
NIT  130 

Kear f o t t 
M I N  S 

Honeywell 
SIGN I11 

S i z e ,  
cu f t  

.5 

.53 

. 6 1  

Weight,  
l b  

43 

35 

42 

Power, 
W 

3 00 

198 

176 

I n  any o f  t h e s e  suggested systems t h e  inaccuracy  o r  m i s a l i n e -  
m e n t  from t h e  a t t i t u d e  a t  d e o r b i t  should be  s u b s t a n t i a l ,  b . t  no t  
complete ly  misor ien ted .  The e r r o r s  w i l l  be  on the  o r d e r  o f  sev-  
e ra l  degrees  i n  each d i r e c t i o n .  T h i s  i n  i t s e l f  would be enough 
t o  r e s o l v e  t h e  ambigui ty  a s  shown i n  f i g u r e  48. 

Assuming t h a t  t h e  o r i g i n a l  o r i e n t a t i o n  would be  Z a l o n g  
BOR 

nor - 
OR 

yB t h e  l o c a l  v e r t i c a l ,  % a l o n g  t h e  o r b i t a l  p a t h ,  and 

m a l  t o  

pro c t i o n  o f  the  o r b i t a l  pa th  on t h e  r e f e r e n c e  sphere .  I f  A 1  
and B 1  a r e  t h e  two p o i n t s  i n  q u e s t i o n  and t h e  o r i e n t a t i o n  p o s t  
ent;y would be s e v e r a l  degrees  o f f s e t  from t h e  o r i g i n a l  ( a s  shown 
i n  Lig. 4 8 )  the  acce le romete r  o u t p u t  o f  the  a x i s  (assumed 

OR 
XB, and Z i n  a r igh t- hand  manner. AB r e p r e s e n t s  t h e  

B 
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p o s i t i v e )  would a t  l e a s t  be enough t o  denote  a g e n e r a l  movement 
t o  t h e  r i g h t  r a t h e r  than t o  the  l e f t  (on f i g .  48)  and would be 
s u f f i c i e n t  t o  choose B 1  over  A1 as t h e  a c t u a l  f i r s t  po in t .  

The fo l lowing  d i s c u s s i o n  w i l l  be t h e  g e n e r a l  t h e o r y  of opera-  
t i o n  of t h e  n a v i g a t i o n  system assuming t h a t  we could  not  use  our  
p rev ious  o r i e n t a t i o n  knowledge ( i . e . ,  complete misa l inement  due 
t o  e n t r y  environment) .  

Upon deployment of  t h e  b a l l o o n ,  t h e  p la t fo rm w i l l  use t h e  
acce le romete r s  i n  a loop t h a t  i s  an  ana log  of t h e  Schuler  pendu- 
lum. T h i s  loop i n c l u d e s  a gyro p r e c e s s i o n  a x i s  t o r q u e r ,  and a 
v e r t i c a l  acce le romete r  a s  t h e  v e r t i c a l  r e f e r e n c e .  Since t h e  
Schuler  pendulum m a i n t a i n s  an  a c c u r a t e  v e r t i c a l  r e f e r e n c e ,  i t  can  
be used t o  g e n e r a t e  c o r r e c t i o n  s i g n a l s  t o  t i l t  t h e  gyro s p i n  a x i s  
t o  a v e r t i c a l l y  r e fe renced  plane  r a t h e r  than  i t s  i n e r t i a 1 , s p a c e  
r e f e r e n c e .  I f  the  a c c e l e r a t i o n  s i g n a l  i s  i n t e g r a t e d  wi th  r e s p e c t  
to  t ime,  i t  r e p r e s e n t s  the  i n s t a n t a n e o u s  v e l o c i t y  of  t h e  BVS. 
D iv id ing  t h i s  v e l o c i t y  by t h e  p l a n e t ' s  r a d i u s  g ives  t h e  angu la r  
v e l o c i t y  a t  which t h e  p la t fo rm m u s t  r o t a t e  t o  remain t angen t  t o  
t h e  p l a n e t ' s  s u r f a c e .  The Schuler  tuned s i g n a l  i s  a p p l i e d  t o  t h e  
gyro p r e c e s s i o n  t o r q u e r ,  p r o p e r l y  s c a l e d  t o  i n d i c a t e  the r e q u i r e d  
a n g u l a r  v e l o c i t y .  

(ZB 
Upon commanding the  p la t fo rm normal t o  l o c a l  v e r t i c a l  

a x i s  down) the  XB and YB acce le romete r s  a r e  monitored from 

then on t o  c o r r e l a t e  wi th  t h e  ambiguous rang ing  d a t a  t o  r e s o l v e  
t h e  problem of p o s i t i o n  l o c a t i o n .  T h i s  w i l l  i nvo lve  the  o r b i t e r  
making s e v e r a l  ranging e f f o r t s  y i e l d i n g  a r e s u l t  a s  shown i n  
f i g u r e  49. 

Line AB r e p r e s e n t s  t h e  p r o j e c t i o n  of t h e  o r b i t  on t h e  r e f -  
e rence  sphere  and AN, BN 

of which i s  c o r r e c t .  It can be seen t h a t  f o r  t h e  o u t p u t s  of  t h e  
acce le romete r s  a s  a f u n c t i o n  of  t ime ,  t h e r e  can be o n l y  one r i g h t -  

handed frame of o r i e n t a t i o n  of  XB and YB ( i . e . ,  X B x YB = 'B) 
t h a t  w i l l  p r o p e r l y  be matched t o  the  a c c e l e r a t i o n  curve d a t a  and 
so t h e  c o r r e c t  p a t t e r n  w i l l  be determined.  A s  a n  example, suppose 
t h e  acce le romete r  o u t p u t s  a r e  a s  shown i n  f i g u r e  50. Then the  
o n l y  p o s s i b l e  system t h a t  would s a t i s f y  t h i s  d a t a  would be Frame 
A as shown i n  f i g u r e  49 as  Frame B would have y i e l d e d  a nega t ive  
a c c e l e r a t i o n  on t h e  Y a x i s  from p o s i t i o n  3 t o  4.  

r e p r e s e n t  s e t s  of  double p o i n t s ,  one 

J 
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u 4 -xB -Yg L 

F i g u r e  50. - X and Y Body Accelerometer Outputs 

Note t h a t  f o r  t h e  c a s e  i n  which t h e  BVS moves i n  a s t r a i g h t  
l i n e ,  t h e  r e s o l u t i o n  of t h e  c o r r e c t  p o i n t  canno t  be done. Only 
i f  t h e  BVS h a s  a curved p a t h  can t h i s  method be  used. The prob- 
a b i l i t y  o f  such a s t r a i g h t  l i n e  p a t h  i s  v e r y  small. 

A sun sensor  package mounted on t h e  l o c a l  v e r t i c a l  r e f e r e n c e  
p lane  cou ld  w i t h  two s u c c e s s i v e  f i x e s  ( i n  azimuth o f  t h e  sun t o  
l o c a l  v e r t i c a l )  r e s o l v e  t h i s  problem i f  need b e ,  b u t  i t  i s  f e l t  
h e r e  t h a t  t h i s  would o n l y  add more complexi ty ,  w e i g h t ,  and c o s t  
t o  t h e  system and then  could  o n l y  be used when t h e  sun was v i s i b l e  
( i , e . ,  c loud  l a y e r  could  be  o c c u l t i n g  t h e  sun from t h e  BVS). 

Once t h e  o r i e n t a t i o n  of t h e  X and Y a c c e l e r o m e t e r s  a r e  known, 
they w i l l  o n l y  be a l t e r e d  by t h e  d r i f t  c h a r a c t e r i s t i c s  i n  t h e  yaw 
gyro.  These w i l l  be  small,  on t h e  o r d e r  of  k0 /h r /g .  They can be  
c o n s t a n t l y  updated by t h e  f i x  p o s i t i o n s  a s  g iven  by t h e  rang ing  
in fo rmat ion .  

NAVIGATION WHEN OUT OF COMMUNICATIONS RANGE WITH THE ORBITER 

The r e f e r e n c e  o r b i t  s p e c i f i e d  i n  t h e  s t a tement  o f  work f o r  
t h i s  s t u d y  (10 000 by 1000 km a l t i t u d e  a t  p e r i a p s i s  and a p o a p s i s )  

h a s  a p e r i o d  o f  1.37 x 10 s e c  o r  abou t  3.8 h r .  Should t h e  s ta-  
t i o n  s t a y  w i t h i n  a few k i l o m e t e r s  o f  t h e  o r b i t a l  p l a n e  t h e  o r b i t -  
i n g  bus w i l l  l o s e  c o n t a c t  w i t h  t h e  s t a t i o n  f o r  from 2 t o  3.7 h r  
depending on  where t h e  s t a t i o n  i s  l o c a t e d  i n  r e l a t i o n  t o  t h e  

4 
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a p o a p s i s  of t h e  b u s '  o r b i t .  
away from t h e  o r b i t a l  t r a c e ,  which i s  a lmos t  a c e r t a i n t y ,  much 
g r e a t e r  p e r i o d s  i n  which no c o n t a c t  w i l l  be  encountered w i l l  occur .  

However, should  the s t a t i o n  be  blown 

For example, w i t h  the  bus  a t  a p o a p s i s  the s t a t i o n  cannot  b e  

A t  p e r i a p s i s  the s t a t i o n  canno t  be  viewed a f t e r  
viewed a f t e r  i t  h a s  moved approx imate ly  5000 km away from t h e  
o r b i t a l  p lane .  
a d r i f t  o f  o n l y  1500 lcm from t h e  o r b i t a l  p lane .  

I f  one assumes a maximum wind v e l o c i t y  o f  28 km/hr i n  a d i -  
r e c t i o n  p e r p e n d i c u l a r  t o  t h e  o r b i t a l  p l a n e ,  a p e r i o d  o f  approx i-  
mate ly  54 h r  i s  r e q u i r e d  f o r  t h e  s t a t i o n  t o  d r i f t  o u t  o f  range 
s t a r t i n g  a t  t h e  s u b p e r i a p s i s  p o i n t .  For  a n  i n i t i a l  p o s i t i o n  a t  
t h e  subapoaps i s  p o i n t ,  a p e r i o d  o f  approx imate ly  7 .6  days i s  re- 
q u i r e d ,  Should t h e  s t a t i o n  con t inue  t o  d r i f t  a t  the same r a t e  
and i n  t h e  same d i r e c t i o n ,  i t  would t a k e  18 days  from t h e  time 
communication was l o s t  nea r  t h e  subapoapsis  p o i n t  u n t i l  i t  would 
be  r e e s t a b l i s h e d  near  t h e  s u b p e r i a p s i s  p o i n t .  

F i g u r e  51 d e p i c t s  t h e  boundar ies  t h a t  r e p r e s e n t  t h o s e  a r e a s  
(shaded)  i n  which t h e  BVS would not  be  w i t h i n  communications range 
o f  t h e  o r b i t e r  a t  any t i m e  on a given o r b i t .  

F i g u r e  51, - Areas of Communication on Refe rence  Sphere  
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It i s  ve ry  u n l i k e l y  t h a t  communications would be l o s t  f o r  
18 days ,  b u t  a f t e r  t h e  e s t ab l i shmen t  o f  t h e  BVS o r i e n t a t i o n ,  
p o s i t i o n a l  i n fo rma t ion  could be ob ta ined  from t h e  acce le romete r s  
whose major e r r o r  would be i n  t h e  d r i f t  due t o  gyro mass unbal-  
ance. 
of  t h i s  t y p e ,  and w i t h  enough p o i n t s  i n i t i a l l y  b e f o r e  l o s i n g  com- 
munica t ions  c o n t a c t  t o  o b t a i n  a p a t t e r n  o f  d r i f t ,  t h e  d a t a  on 
t h e  ground could  be a d j u s t e d  t o  compensate f o r  t h e  expected  er-  
r o r s  due t o  t h e  measured d r i f t  e a r l y  i n  t h e  miss ion .  

F o r t u n a t e l y  t h e r e  i s  a d i r e c t i o n  a s s o c i a t e d  w i t h  e r r o r s  

RECOMMENDED INERTIAL COORDINATE SYSTEM 

Since p l a n e t  r o t a t i o n  i s  n o t  known, BVS l o c a t i o n  w i l l  b e  
expressed  i n  p l a n e t  cen te red  i n e r t i a l  c o o r d i n a t e s  w i t h  a c e l e s -  
t i a l  r e f e rence .  A convenient  $oice would be  t h e  E a r t h  equato-  
r i a l  i n e r t i a l  frame w i t h  t h e  x a x i s  of  t h e  system r e f e r e n c e d  

t o  t h e  f i r s t  p o i n t  o f  Aries,  thzQ Z 

E a r t h ’ s  p o l a r  a x i s  and t h e  Y a x i s  normal t o  t h e  o t h e r  two 
EQ 

a s  shown i n  f i g u r e  52. 

a x i s  p a r a l l e l  t o  t h e  
EQ 

From E a r t h  t r a c k i n g  d a t a  t h e  pa th  of  t h e  o r b i t e r  can be de-  
termined w i t h  r e s p e c t  t o  t h e  EarLh’s rEferenEe system and can,  
t h e r e f o r e ,  be expressed  i n  t h e  X Y z frame cen te red  

a t  Venus by t h e  fo l lowing o r b i t a l  pa rame te r s :  
EQ’ EQ’ EQ 

I\ R - l o n g i t u d e  o f  t h e  ascending  node from t h e  x r e f e r -  

i - t h e  i n c l i n a t i o n  of  t h e  o r b i t a l  p lane  t o  t h e  r e f e r e n c e  
EQ 

plane  ( e q u a t o r i a l  E a r t h )  

u - argument of  p e r i a p s i s  

0 - t r u e  anomaly of t h e  c r b i t e r  
h h 

a s  XOP’ YOP’ and 2 OP The c o o r d i n a t e  frame de f ined  by 
h 

shown i n  f i g u r e  51 d e f i n e s  t h e  frame where 

p e r i a p s i s .  It i s  expressed  i n  i n e r t i a l  e q u a t o r i a l  c o o r d i n a t e s  
v i a  t h e  t r ans fo rma t ion  a s  desc r ibed  i n  d e t a i l  l a t e r .  

Xop 
pas ses  through 
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F i g u r e  52.  - I n e r t i a l  Coord ina te  Frame 
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h 

Y 
o R ~ ~ ~  

7 A 

) %Eo. xOp = (cos w c o s  R - s i n  w cos  i s i n  R 

- s i n  0 cos w cos  R 

-cos 8 s i n  w cos  R 

+ s i n  0 s i n  w cos  i s i n  R 
-cos e cos w cos i s i n  Cl 

= 

A A 

EQ I + (cos w s i n  R + s i n  w c o s  i c o s  R) Y EQ + s i n  w s i n  i Z 

A 

Yop = ( - s i n  w c o s  R - cos  w cos i s i n  R) 5 Q 
A A 

+ ( - s i n  w s i n  Q + c o s  w c o s  i cos R) Y EQ + cos  w s i n  i Z 

J A n A A 

Zop = s i n  i s i n  R X - s i n  i cos  R Y EQ + cos i Z EQ 
EQ 

A A A The c o o r d i n a t e  frame x Y , and Z i s  t h e  
OR~pN' o R ~ ~ ~  o R ~ ~ ~  

one d e f i n i n g  t h e  o r b i t e r s  p o s i t i o n  a t  any time where 
from 0" a t  p e r i a p s i s  t o  360" when i t  i s  a g a i n  a t  p e r i a p s i s .  

0 v a r i e s  

A t  a p a r t i c u l a r  ang le  BN t h e  X, Y,  Z a x i s  can be  

w r i t t e n  i n  terms of t h e  i n e r t i a l  e q u a t o r i a l  frame a s  fo l lows .  
o R ~ ~ ~  

-cos e s i n  w cos i s i n  R 

- s i n  e s i n  w cos R 

- s i n  8 cos w s i n  R cos i 

+cos e cos w cos Cl I I /  
- s i n  8 s i n  w s i n  i 

+cos cos w s i n  i 1 cos 8 cos w s i n  R 

+cos e s i n  w cos i cos R 
- s i n  e s i n  w s i n  R 

+sin e cos w cos i cos R 

- s i n  cos w s i n  Cl 

- s i n  e s i n  w cos i cos R 
- cos e s i n  w s i n  R 
+cos f3 cos w cos i cos R 

- s i n  i cos R 

cos 0 s i n  w s i n  i 

+ s i n  9 cos w s i n  i 

cos i 
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RESOLUTION OF AMBIGUITY BY DIRECTION FINDER TECHNIQUES 

One method o f  r e s o l v i n g  t h e  ambiguity o f  s t a t i o n  l o c a t i o n  i s  
by t h e  u s e  o f  d i r e c t i o n  f i n d i n g  t echn iques  i n  t he  o r b i t e r .  T h i s ,  
o f  c o u r s e ,  means a s t e e r a b l e  l ob ing  antenna  system on t h e  o r b i t e r  
o r  e q u i v a l e n t  w i t h  t h e  l o b e s  s t r a d d l i n g  t h e  o r b i t a l  p lane  and 
po in t ed  toward t h e  p l a n e t ' s  s u r f a c e .  

Reso lu t ion  o f  ambigui ty  f o r  s t a t i o n  p o s i t i o n s  nea r  t h e  o r b i t a l  
p lane  w i l l  p r e s e n t  t h e  g r e a t e s t  problem s i n c e  t h e  inc luded  a n g l e  
cp between t h e  o r b i t e r  and t h e  l i n e s  t o  p o s i t i o n  p o i n t s  A and B 
w i l l  be smal l  e s p e c i a l l y  when t h e  o r b i t e r  i s  nea r  apoaps i s .  For  
example, i n a b i l i t y  t o  r e s o l v e  t h e  ambigui ty  f o r  cp = 2' r e s u l t s  
i n  a p o s i t i o n  u n c e r t a i n t y  of  approximate ly  349 km ( t h e  d i s t a n c e  
A t o  B f o r  cp = 2") when t h e  r a n g i n g  i s  done a t  a bus  a l t i -  
tude  o f  10 000 km. The minimum a n g l e  cp f o r  which ambigui ty  
r e s o l u t i o n  can  be accomplished i s  a f u n c t i o n  of t h e  bus system 
d e s i g n  and hence i s  beyond t h e  scope o f  t h i s  p r e l i m i n a r y  s tudy .  
However, i t  i s  i d e n t i f i e d  a s  a n  a n t i c i p a t e d  problem a r e a .  I n  
e s sence  t h i s  means t h a t  a s t a t i o n  l o c a t e d  anywhere i n  a band o f  
p o s s i b l y  s e v e r a l  deg rees  i n  l a t i t u d e  a d j a c e n t  ( n o r t h  and south)  
t o  t h e  o r b i t a l  p lane  cannot  be i d e n t i f i e d  a s  be ing  l o c a t e d  a t  
one p o i n t  o r  t h e  o t h e r  by t h i s  method. 

COORDINATE SYSTEM RELATIONSHIP 

T h i s  s e c t i o n  d e a l s  w i t h  t h e  r e l a t i o n s h i p s  of  t h e  v a r i o u s  
coord ina t e  systems u s e d  and t h e  d e r i v a t i o n s  of  t h e  e q u a t i o n s  
necessa ry  t o  de termine  t h e  p o s s i b l e  BVS l o c a t i o n s  on t h e  r e f -  
e r e n c e  sphe re  w i t h  two p i e c e s  of range in fo rma t ion  from t h e  
o r b i t e r .  

A R e f e r r i n g  t o  f i g u r ?  53, A t h e  r e l a t i o n s h i p  between t h e  a ' ,  
system i s  a s  f o l l o w s :  

% Q y  Y E Q ~  %Q G I ,  Z '  frame and t h e  

A 

X '  

Y '  
A 

A I Z '  

- 
c o s  R s t n  R 0 

- s i n  R C OS  R 0 

0 0 1 - 
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7 O r b i t a l  p l ane  

F i g u r e  5 3 .  - Determinat ion  of Frames Pass ing  through 
P o i n t s  on t h e  O r b i t  Referenced t o  I n e r t i a l  
System 
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I n  s i m i l a r  f a s h i o n ,  t h e  XI', Y", Z "  r e l a t i o n s h i p  t o  X ' ,  Y ' ,  z '  
i s  

A A A  

and 

0 

cos i 

- s i n  i I 0 

s i n  i 

cos  i 

cos  w s i n  w 

- s i n  w cos w ~ 

0 0 1 

A 

X" 

Y 
A 

A 

~ [ Z "  

Then combining t h e s e  t o  g e t  t h e  r e l a t i o n s h i p  between t h e  
h A A A 

Yop, Zop frame and t h e  gQ, yEQ, zEQ a s  fo l lows :  
- -  

y i e l d s  

-~opl r cos w cos R - s i n  w c o s  i s i n  R 

?op 1 /= - s i n  w cos R - cos w cos i s i n  R 

A zOP J 1 s i n  i s i n  

cos w s i n  R s i n  w s i n  i 
+ s i n  w cos i cos R 

- s i n  w s i n  0 cos w s i n  i 
+cos w cos i c o s  R 

- s i n  i cos R cos i 

h 

EQ 
X 

h 

EQ 
Y 

h 

EQ 
2 
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The frame which i n c l u d e s  t h e  p o i n t  on the  o r b i t  a t  t h e  time a 
r ang ing  e f f o r t  is e f f z c t e d A i s  j u s t  one r o t a t i o n  i n  t h e  z r b i t a l  
p lane  from t h e  Xop, Yop, Zop a x i s .  I n  t h i s  2 Y 

O R ~ p N Y  o R ~ ~ ~  ' 
A A 

Z frame t h e  X a x i s  i s  a long  t h e  l i n e  from t h e  c e n t e r  

of t h e  p l a n e t  t o  p o i n t  N a l o n g  t h e  o r b i t  r o t a t e d  ON abou t  t h e  
o R ~ ~ ~  o R ~ ~ ~  

zoP 
a x i s .  

A 

A z 

- s i n  8 cos  8 0 

0 0 1 
- 

. -  
A 

xoP 

?OP 

A 

Z 
OP - .. 

A 

The r e l a t i o n s h i p  between t h i s  ? J G  > z  frame 
o R ~ ~ ~  o R ~ ~ ~  o R ~ ~ ~  

and the  b a s i c  e q u a t o r i a l  frame i s :  

- -  
K 
o R ~ ~ ~  

Y 
O%PN 

+COS e cos w cos R 

- s i n  0 cos w cos  i s i n  R 

- s i n  @ cos R s i n  w 

-cos 13 s i n  w cos i s in  R 

- s i n  6 cos  w cos R 

-cos e s i n  w cos R 

+sin B s i n  w cos i s i n  R 

-cos e cos w cos i s i n  0 

s i n  i s i n  R 

A t  a time corresponding 

cos e cos  w s i n  R 

+cos f3 s i n  w cos i cos 0 

- s i n  0 s i n  w s i n  0 

+s in  6 cos w cos i cos  Ci 

- s i n  0 cos w s i n  R 

- s i n  6 s i n  w cos i cos  R 

-cos 8 s i n  w s i n  R 

+cos 0 cos w cos i cos R 

- s i n  i cos 0 

1 cos 0 s i n  w s i n  i 

+s in  0 cos w s i n  i 

- s i n  e s i n  w s i n  i 
+cos 6 cos w s i n  i 

1 cos  i 

0 

*EQ 

t o  the  f i r s t  r ang ing  e f f o r t ,  t h e  o r -  - -  

b i t e r  w i l l  be a t  p o i n t  1 a long  the  o r b i t  r o t a t e d  el 
from p e r i a p s i s .  

Knowing the  o r b i t a l  r a d i u s  of t h e  o r b i t e r  a t  t h i s  p o i n t  a s  

the  r e l a t i o n s h i p  of  X i n  t h e  e q u a t o r i a l  a x e s  as  

R1 and 
A 

o R ~ ~ ~  
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= (cos el c o s  w cos  R - cos  e s i n  w c o s  i s i n  R 1 ii 
o R ~ ~ ~  

- s i n  8 s i n  w cos  R - s i n  8 cos  w cos  i s i n  R 
1 1 ) + Q  1 

(E=) i el cos  w s i n  R + cos  8 s i n  w cos i c o s  R 

) 'EQ 

1 ^EQ 

1 

- s i n  8 s i n  w cos  R + s i n  8 cos  w cos i cos  R 1 1 

s i n  w s i n  i + s i n  8 cos  w s i n  i Z 

which can be  w r i t t e n  as  
A A A A 

X = Rx 'EQ + Ry 'EQ + R~ Z EQ 
o R ~ ~ ~  1 1 1 

A A A 

Y Z  %QY EQ' EQ where Rx , R , RZ a r e  t h e  c o e f f i c i e n t s  o f  
1 y1 1 

u n i t  v e c t o r s  a s  i n  e q u a t i o n  ( E 1 2 ) .  

The r a d i u s  v e c t o r  i s  then  

The s i t u a t i o n  i s  then  a s  shown i n  f i g u r e  54:  

1) There  i s  t h e  r e f e r e n c e  sphe re  which r e p r e s e n t s  t h e  
p o s i t i o n  of  t h e  BVS a t  r a d i u s  R from t h e  c e n t e r  of  
Venus; 

2 )  S p h e r i c a l  s h e l l  1, which i s  c e n t e r e d  a t  o r b i t e r  
p o i n t  1, w i t h  r a d i u s  G1 r e p r e s e n t i n g  t h e  f i r s t  
range  d a t a  p o i n t ;  

3 )  S p h e r i c a l  s h e l l  2 ,  which i s  c e n t e r e d  a t  o r b i t e r  
p o i n t  2 ,  w i t h  r a d i u s  G2 r e p r e s e n t i n g  t h e  second 
range  d a t a  p o i n t .  

161 



APPENDIX E 

162 

F i g u r e  54. - Solution of t h e  I n t e r s e c t i o n  of t h e  Three  Spheres 



APPENDIX E 

The e q u a t i o n  o f  t h e  r e f e r e n c e  sphere  i s  

X 2 + Y 2 + Z  2 2  = R  

A A A 

Y Z frame as t h e  b a s i c  computat ional  frame. 

i n  e q u a t i o n  (E12) can be  w r i t t e n  

% Q y  EQ’ EQ 

O r b i t e r  p o i n t  1, u s i n g  8, 

us ing  t h e  

A L  A 

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

s h e l l  1 whose e q u a t i o n  i s :  

i n  e q u a t i o n  (E12) can be  w r i t t e n  O r b i t e r  p o i n t  2 ,  u s i n g  @2 
as  

2’ b2’ c2  The e q u a t i o n  o f  t h e  s p h e r i c a l  s h e l l  2 c e n t e r e d  a t  a 
o f  r a d i u s  G i s  

2 

2 
(X  - a2)2 + (. - b2)2 + (Z - c ~ ) ~  = G2 

Solving s imul taneous  e q u a t i o n s  (E15),  (E16) , and (E18) w i l l  y i e l d  

t h e  BVS p o s i t i o n  i n  terms o f  X,  Y,  and Z i n  t h e  gQ, YEQ, 

Z 

h 

A 

frame . 
EQ 
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Radius of  s o l i d  g lobe  

Sun-Venus mass r a t i o  

ROTATION RATE, MASS, AND RADIUS OF VENUS 

6056 5 1 km ( r e f .  144) 

408 2 5 0  k 120  (Newtonian 
theo ry )  408 450 rt: 1 2 0  
(gene ra l  r e l a t i v i t y  t heo ry )  
( r e f .  144) 
408 505 k 6 ( r e f .  145) 

A t  p r e s e n t ,  t h e  v a l u e s  f o r  t h e s e  parameters are  i n  a s t a t e  of 
f l u x .  Some r e c e n t  p u b l i c a t i o n s  g i v e  t h e  va lues  l i s t e d  below. 

I I I 

I S i d e r e a l  r o t a t i o n  r a t e  - 244 .3  5 2 days ( r e f .  1 4 6  
us ing  R from r e f .  144) 
- 242 .6  5 0.6 days  ( r e f ,  149) 

I - 250  k 40 days  ( r e f .  147)-- 
- 250  k 9 days ( r e f .  148)  ' -250 t 41-7 days ( r e f .  5 9 )  

---------- 

I I I 

i 

164 



REFERENCES 

1. Anon.: Space Research,  D i r e c t i o n s  f o r  t h e  Fu tu re .  Space 
Sc ience  Board, Na t iona l  Academy of Sc iences  - Nat iona l  R e -  
s e a r c h  Counc i l ,  Dec. 1965.  

2 .  de Vaucouleurs ,  G .  : Reconnaissance of  t he  Nearer P l a n e t s .  
Techn ica l  Repor t  AFOSRIDRA-61-1, A i r  Force O f f i c e  o f  Sc ien-  
t i f i c  Resea rch ,  Nov. 1961.  (Avai lab le  from DDC as AD276833). 

3 .  Br iggs ,  M .  H . ;  and Mamikunian, G . :  Venus, A Summary o f  
P r e s e n t  Knowledge, J. B r i t .  I n t e r p l a n e t a r y  SOC., vole 19,  
1963, pp. 45-52, 

4 .  Evans,  D .  C . :  P h y s i c a l  P r o p e r t i e s  of t h e  P l a n e t  Venus. R e -  
p o r t  SM-41506, Douglas A i r c r a f t  Corpora t ion ,  J u l .  1962.  

5 .  Kaplan, L .  D . :  Venus, Recent  P h y s i c a l  Data f o r .  Encyclopaedic 
D i c t i o n a r y  of Phys i c s .  Supplement v o l .  1, 1966,  pp. 366-367. 

6 .  Kel logg,  W .  W . ;  and Sagan, C . :  The Atmospheres of Mars and 
Venus. N a t .  Acad. S c i .  - Nat. R e s .  Coun., Pub l .  944, 1961.  

7 .  Sagan, C . :  P l a n e t a r y  Environments and Bio logy.  As t ronau t .  
Aeron. ,  v o l .  4 ,  no.  7 ,  J u l .  1966, pp. 12-22. 

8 .  Owen, R .  B .  : T h e o r e t i c a l  Model Atmospheres of Venus. NASA 
TN D-2527, Jan .  1965. 

9 .  Sagan, C . ;  and Kellogg,  W .  W . :  The T e r r e s t r i a l  P l a n e t s .  An- 
n u a l  Review of  Astronomy and As t rophys ic s ,  1963, pp. 235-266. 

1 0 .  Opik, E .  J .  : The Aelosphere and Atmosphere of Venus. J. 
Geophys. Res., vol .  66, no. 9 ,  1961, pp. 2807-2819. 

11. Shaw, J. H.;  and Bobrovnikoff ,  N .  T . :  Na tu ra l  Environment 
o f  t he  P l a n e t  Venus. WADC Phase Techn ica l  Note 2 ,  Feb. 1959. 
(Avai lab le  from DDC as AD242176). 

12 .  Kaplan, L .  D . :  A P r e l i m i n a r y  Model of  t h e  Venus Atmosphere. 
Techn ica l  Repor t  32-379, Jet  P ropu l s ion  Labora tory ,  Dec. 12 ,  
1962.  

* \  
i 

165 



13 .  Evans, D.  E . ;  P i t t s ,  D .  E . ;  and Kraus,  G.  L . :  Venus and 
Mars Nominal N a t u r a l  Environment f o r  Advanced Manned P l a n e-  
t a r y  Mission Programs. NASA SP-3016, 1965. 

1 4 .  Bre re ton ,  R.  G . ;  e t  a l . :  Venus: P r e l i m i n a r y  Science  Objec- 
t ives and Experiments f o r  Use i n  Advanced Miss ion S t u d i e s  
( r e v .  1). Technical  Memorandum 33-282, Je t  Propu l s ion  Lab- 
o r a t o r y ,  Aug. 1, 1966.  

15 .  Dickerman, P . :  S c i e n t i f i c  Objec t ives  of Deep Space I n v e s t i -  
g a t i o n s  - Venus. Repor t  P- 7,  I I T  Research I n s t i t u t e ,  May 
1966. 

1 6 .  Opik, E .  J . :  Progress  i n  A s t r o n a u t i c a l  S c i e n c e s .  Vol. I . ,  
Chapter  V I ,  Atmosphere and Sur face  P r o p e r t i e s  of Mars and 
Venus. pp .  261-342. 

1 7 .  Brown, H . ,  e t  a l . :  Proceedings of the  Caltech-JPL, Lunar 
and P l a n e t a r y  Conference,  Sep. 13-18,  1965,  JPL TM33-266,1966, 
pp. 147-205. 

1 8 .  Anon. : Voyager Design S t u d i e s .  Vol. 11. S c i e n t i f i c  Mission 
A n a l y s i s .  RAD-TR-63 -34, AVCO Corpora t ion ,  Oct .  1963. 

1 9 .  Anon.: Voyager Design S t u d i e s .  GE 63SD801, General  E l e c t r i c  
Company, Oct.  1963. 

20. de Vaucouleurs,  G .  : Geometric and Photometr ic  Parameters  of 
t h e  T e r r e s t r i a l  P l a n e t s .  I c a r u s ,  v o l .  3 ,  1964, pp.  187-235. 

21. Smith,  B .  A . :  A Photograph O p t i c a l  Semidiameter of Venus. 
As t ron .  J . ,  v o l .  69, no .  2 ,  1964, p p .  201-204. 

2 2 .  C l a r k ,  B .  G . ;  and Kuz'min, A .  D . :  The Measurement of the  
P o l a r i z a t i o n  and B r i g h t n e s s  D i s t r i b u t i o n  of Venus a t  10.6  
c m  Wavelength. Ast rophys .  J . ,  v o l .  142,  1965, p .  23.  

23. Jones ,  D.  E . :  The Mariner I1 Microwave Radiometer E x p e r i -  
ment. Techn ica l  Report  32-722, Jet  Propu l s ion  Laboratory ,  
Jan .  1, 1966. 

24. Plummer, W .  T . ;  and S t rong ,  J.: A New Es t ima te  of t h e  Sur-  
f a c e  Temperatures of Venus. A s t r o n a u t i c a  A c t a ,  v o l .  11, 
no.  6 ,  1965, pp. 375-382. 

25.  Plummer, W .  T . ;  and S t rong ,  J.:  A New E s t i m a t e  of the  Sur face  
Temperatures o f  Venus. Ast rophy.  J . ,  v o l .  144, no .  1, 1966, 
p p .  422-424. 

166 



26.  Plummer, W .  T. ; and St rong,  J. : An Answer t o  F.  D.  Drake. 
Astrophys.  J . ,  1966. 

27.  Spinrad ,  H.: Spec t roscop ic  Temperature and P r e s s u r e  Measure- 
ments i n  t h e  Venus Atmosphere. P u b l i c a t i o n s  of t he  Astronom- 
i c a l  Soc ie ty  of t he  P a c i f i c ,  v o l .  74, no .  88, 1962, pp.  187- 
201. 

28. Kaplan, L.  D. : The S t r u c t u r e  o f  t h e  Venus Atmosphere. (ab-  
s t rac t )  Mem. Roy. SOC. Liege,  Ser .  5, vol. 7, 1963, pp. 
323 -324. 

29. Sagan, C .  : S t r u c t u r e  of t he  Lower Atmosphere of Venus. I c a r u s ,  
V O ~ .  1, 1962, pp. 151-169. 

30 .  Menzel, D .  H . ;  and de Vaucouleurs,  G . :  F i n a l  Report  on the  
O c c u l t a t i o n  of  Regulus by Venus, J u l y  7,  1959. AFCRL-227, 
A i r  Force Cambridge Research Labora tory ,  1961. 

31.  Be l ton ,  M .  J .  S . ;  and Hunten, D .  M . :  Water Vapor i n  t h e  A t -  
mosphere of Venus. Astrophys . J . ,  1966. 

32.  Bottema, M . ;  e t  a l . :  The Composition of  t h e  Venus Clouds and 
I m p l i c a t i o n s  f o r  Model Atmospheres. J .  Geophys. Res. ,  vol  70, 
no.  17 ,  1965, pp.  4401-4402. 

33 .  Sp in rad ,  H . :  A Search f o r  Water Vapor and Trace C o n s t i t u e n t s  
i n  t h e  Venus Atmosphere. Techn ica l  Repor t  32-256, Je t  P ropu l-  
s i o n  Laboratory,  O c t .  1962. 

34. Connes, P.;  e t  a l . :  Traces  of HCR and HF i n  t h e  Atmosphere of 
Venus. Ast rophys .  J . ,  vo l .  147, no.  3 ,  1967, pp .  1230-1237. 

35 .  Suess ,  H . :  Remarks Concerning t h e  Chemical Composition o f  
t he  Atmosphere of Venus. Z .  Natur Forschung, vo l .  1 9 A ,  1964, 
pp. 84-87. 

36. Do l l fus ,  A . :  C o n t r i b u t i o n s  au Colloque Caltech- JPL s u r  l a  
lune  e t  les  p l a n e t e s  : Venus. Proceedings  o f  t he  C a l  t e ch -  
JPL Lunar and P l a n e t a r y  Conference,  Sep. 13-18, 1965. JPL 
Dl 33-266, 1966, pp. 187-202. 

37.  Murray, B .  C . ;  Wildey, R .  L . ;  and Westphal,  3. A . :  I n f r a r e d  
Photometr ic  Mapping of  Venus through t h e  8-  t o  14-Micron A t -  
mospheric Window. J. Geophys. R e s . ,  vol.  68, no. 16 ,  Aug. 
1963, pp.  4813-4518. 

167 



38.  Sagan, C . ;  and P o l l a c k ,  J .  B . :  P r o p e r t i e s  of the  Clouds of 
Venus. Proceedings of the  Caltech- JPL Lunar and P l a n e t a r y  
Conference,  Sep. 13-18, 1965, JPL TM 33-266, 1966, pp. 155- 
163.  

39. Mayer, C .  H.: Radio Astronomy S tud ies  of  Venus and Mars. 
A s t r o n a u t .  Aeron. , v o l .  4,  no.  4, A p r .  1966, p p .  13-25. 

40.  P o l l a c k ,  J.  B . ;  and Sagan, C . :  The Microwave Phase E f f e c t  
of  Venus. I c a r u s ,  v o l .  4,  1965, p p .  62-103. 

41. Barrett ,  A .  H.;  and S t a e l i n ,  D. H. :  Radio Observat ions  of 
Venus and the  I n t e r p r e t a t i o n s .  Space Science  Reviews, v o l a  
3 ,  1964, pp .  109-135. 

42. Bara th ,  F. T . ,  e d . :  Symposium o r  Radar and Radiometric Ob- 
s e r v a t i o n s  of Venus dur ing  the  1962 Conjunct ion.  As t ron .  - J a y  
v o l .  69, no.  1, Feb. 1964. 

43. S t a e l i n ,  D.  H.;  and B a r r e t t ,  A .  H . :  S p e c t r a l  Observat ions  
o f  Venus Near 1 -Centimeter  Wavelength. A s  t rophys  . J .  , v o l  . 
144,  no.  1, 1966, pp. 352-363. 

44. P o l l a c k ,  J .  B . ;  and Sagan, C . :  P o l a r i z a t i o n  of  Thermal 
Emission from Venus. Ast rophys .  J., v o l .  141, no.  3 ,  A p r .  
1965, pp.  1161 -1183. 

45. S i n t o n ,  W .  M . ;  and S t rong ,  J . :  Radiometr ic  Observat ions  of 
Venus. Ast rophys .  J . ,  v o l .  131,  Mar. 1960, p p .  470-490. 

46. P o l l a c k ,  J .  B . ;  and Sagan, C . :  The I n f r a r e d  Limb Darkening 
of Venus. J .  Geophys. Res. , vol .  70, no. 18, 1965, p p .  4403- 
4426. 

47.  Wes t p h a l ,  3. A .  : The 10-micron Limb Darkening of Venus J. 
Geophys. Res. ,  v o l .  71 ,  no.  11, 1966, p p .  2693-2696. 

48. Westphal ,  J. A . ;  Wildey, R .  L . ;  and Murray, B .  C .  : The 8 -  
t o  14-micron Appearance of Venus b e f o r e  the  1964 Conjunction.  
Ast rophys .  J . ,  v o l .  142, no .  2 ,  1965, p p .  799-802. 

49. Low, F. J.: Observat ions  of Venus, J u p i t e r ,  and S a t u r n  a t  
A = 20p. As t ron .  J., v o l .  71,  no.  6 ,  Aug. 1966, p .  391.  

50. Chamberlain, J. W . :  The Atmosphere of Venus n e a r  Her Cloud 
Tops. Ast rophys .  J., v o l .  141, no.  3 ,  1965, pp .  1184-1205. 

168 



I 

51. Mintz, Y . :  Temperature and C i r c u l a t i o n  oE t h e  Venus Atmos- 
phere .  P l a n e t a r y  and Space Sc ience ,  v o l .  5, 1961, pp. 141- 
152. 

52. Chamberlain, J. W . ;  and Kuiper ,  G .  P . :  R o t a t i o n a l  Tempera- 
t u r e  and Phase V a r i a t i o n  o f  t h e  CO, Bands of  Venus. As t ro -  
phys. J . ,  vo l .  124, no.  2 ,  1956, pp. 399-405. 

53. k p l a n ,  L.  D. : A New I n t e r p r e t a t i o n  o f  t h e  S t r u c t u r e  and 
CO, Content  of  t h e  Venus Atmosphere. P l a n e t a r y  and Space 
Sc ience ,  vo l .  8 ,  1961, pp. 23-99. 

54. Shimizu, M . :  Vertical  D i s t r i b u t i o n  of N e u t r a l  Gases on 
Venus. P l a n e t a r y  and Space Sc ience ,  v o l .  11, 1963, pp. 269- 
273. 

55. Mue l l e r ,  R .  F . :  A Chemical Model f o r  t h e  Lower Atmosphere 
of  Venus. I c a r u s ,  v o l .  3,  1964, pp.  285-298. 

56.  Anderson, H .  R . :  I o n i z i n g  R a d i a t i o n  Measured between E a r t h  
and Venus by Mariner  11. Space Research V, Procedures ,  F i f t h  
I n t e r n a t i o n a l  Space Sc ience  Symposium, F lo rence ,  I t a l y ,  May 
8-20,  1964, pp.  521-543. 

57. Sagan, C . :  The R a d i a t i o n  Balance o f  Venus. Technica l  R e -  
p o r t  32-34, Je t  P ropu l s ion  Labora tory ,  Sep.,  1960. 

58. Coulson, K. L.;  and Lotman, M . :  Molecular  O p t i c a l  Thickness 
of  t h e  Atmospheres of Mars and Venus. R62SD71, General  Elec-  
t r i c  Company, J u l .  1962. 

59. Ca rpen te r ,  R .  L . :  Study o f  Venus by CW Radar - 1964 R e s u l t s .  
As t ron .  J . ,  v o l .  71 ,  no .  2 ,  1966, pp. 142-152. 

60. S t a f f  o f  JPL: Mariner-Venus 1962 F i n a l  P r o j e c t  Repor t .  
NASA SP-59, 1965. 

61. Barnes,  F.  L . ,  e t  a l . :  Mariner  I1 F l i g h t  t o  Venus. A s t r o-  
n a u t i c s ,  Dec. 1962, pp. 67-72. 

62. Wyckoff, R .  C . :  S c i e n t i f i c  Experiments f o r  Mariner  R - 1  and 
R-2. Techn ica l  Repor t  32-315, J e t  P ropu l s ion  Labora tory ,  
J u l .  15, 1962. 

63.  James, J. N . :  The Voyage o f  Mariner  11. S c i e n t i f i c  A m e r i -  
can ,  vo l .  209, no .  1, J u l .  1963, pp.  70-84. 

169 



170 

64. Frank,  L .  A . ;  e t  a l . :  Mariner 11: Pre l iminary  Repor ts  on 
Measurements of Venus. Techn ica l  Report  32-420, Jet  Propu l-  
s i o n  Laboratory ,  Mar. 1963. 

65. S o n e t t ,  C .  P. : A Summary Review of  the  S c i e n t i f i c  F ind ing  
of the  Mariner Venus Miss ion.  Space Science  Reviews, v o l .  
2 ,  Dec. 1963, p p .  751-777. 

66. B a r r e t t ,  A .  H . ;  e t  a l . :  
Microwave Radiometer Experiment.  
J e t  P r o p u l s i o n  Labora to ry ,  Aug . 2 2  , 1961. 

O b j e c t i v e s  of t h e  Mariner Venus 
Techn ica l  Report  32 -156, 

67. Bara th ,  F.  T . ;  B a r r e t t ,  A .  H . ;  Copeland, J . ;  Jones ,  D.  E . ;  
Mariner 2 Microwave Radiometer Exper i-  and L i l l e y ,  A .  E . :  

ment and R e s u l t s .  As t ron .  J . ,  v o l .  69, no.  1, Feb. 1964 
( a l s o  Technical  Report  32-533, J e t  P ropu l s ion  Laboratory ,  
Feb. 1964) .  

68, P o l l a c k ,  J .  B . ;  and Sagan, C . :  An Ana lys i s  o f  t h e  Mariner 
2 Microwave Observa t ions  of Venus, Semiannual P rogress  R e-  
p o r t  1, Grant No, NGR-09-015-023, Smithsonian I n s t i t u t i o n  
A s t r o p h y s i c a l  Observatory .  Jun.  1966 (NASA CR-76106). 

69. Sagan, C .  : P l a n e t a r y  Environments and Biology.  As t ronau t .  
Aeron., v o l .  4, no.  7 ,  J u l .  1966, p p .  1 2- 2 2 .  

70. Chase, S .  C . ;  Kaplan, L. D . ;  and Neugebauer, G . :  The Mar- 
i n e r  2 I n f r a r e d  Radiometer Experiment. J .  Geophys. Res.  , 
v o l .  68, no. 22,  Nov. 1963, p p .  6157-6169. 

7 1 .  Smith, E .  J.; e t  a l . :  Magnetic Measurements n e a r  Venus. 
J .  Geophys. Res . ,  v o l .  70, no.  7 ,  Apr .  1, 1965, pp .  1571- 
1586. 

7 2 .  Anderson, H.  R .  : I o n i z i n g  R a d i a t i o n  Measured between Ear th  
and Venus by Mariner 11. Space Research V,  Proceedings of 
t h e  F i f t h  I n t e r n a t i o n a l  Space Science  Symposium, F lo rence ,  
I t a l y ,  May 8-20,  1964. Ed i t ed  by P. Mul le r ,  North-Holland 
Pub. C O . ,  1965, pp.  521-543. 

73. Neugebauer , M, ; and Snyder , C .  W .  : S o l a r  -Wind Measurements 
n e a r  Venus. 3. Geophys. Res . ,  v o l .  70, no. 7 ,  Apr. 1, 1965, 
pp 1587 -1591. 

74. Neugebauer, M . ;  and Snyder, C .  W . :  Average P r o p e r t i e s  o f  
the  S o l a r  Wind a s  Determined by Mariner 11. Technical  R e -  
p o r t  32-991, Jet Propu l s ion  Labora to ry ,  Nov. 1, 1966. 



75. Anderson, J. D . :  The Eva lua t ion  of C e r t a i n  Astronomical  
Constants  from the Radio Tracking of  Mariner 11. Progress  
i n  A s t r o n a u t i c s  and Aeronau t i c s ,  v o l .  14 ,  1964, Academic 
P r e s s ,  pp.  131-155. 

76. Anon.: Space Programs Summary No. 37-39, v o l .  V I ,  J e t  Pro-  
p u l s i o n  Laboratory ,  May 1966, pp. 9-11. 

77 .  F je ldbo ,  G . ;  and Eshleman, V .  R . :  The B i s t a t i c  Radar Occul- 
t a t i o n  Method f o r  the  Study of  P l a n e t a r y  Atmospheres. J. 
Geophys. R e s . ,  v o l .  70, no.  13, J u l .  1, 1965, pp. 3217-3225. 

78 .  F je ldbo ,  G . ;  Eshleman, V .  R . ;  G a r r i o t t ,  0. K. ;  and Smith, F .  
L .  : The Two-Frequency, Bis ta t ic ,  Radar-Occul ta t ion  Method 
f o r  the Study of P l a n e t a r y  Ionospheres .  J. Geophys. Res. ,  
v o l .  70, no. 15 ,  Aug. 1, 1965, pp. 3701-3710. 

79. Stoney,  W .  E . :  C o l l e c t i o n  of  Zero- Li f t  Drag Data on Bodies 
of Revolut ion  from F r e e- F l i g h t  I n v e s t i g a t i o n s .  
Jan .  1958. 

NACA TN-4201, 

80 .  Hanel, R .  A . :  E x p l o r a t i o n  of the  Atmopshere of Venus by a 
Simple Capsule .  NASA TN D-1909, J a n .  1964. 

81 .  S e i f f ,  A . :  Some P o s s i b i l i t i e s  f o r  Determining the  C h a r a c t e r -  
i s t i c s  of  the Atmospheres of Mars and Venus from Gas-Dynamic 
Behavior of a Probe Veh ic le .  NASA TN D-1770, Apr. 1963. 

82.  Pe te r son ,  V .  L . :  A Technique f o r  Determining P l a n e t a r y  A t -  
mosphere S t r u c t u r e  from Measured A c c e l e r a t i o n s  of an  Entry  
Veh ic le .  NASA TN D-2669. 

83 .  Pe te r son ,  V.  L . :  Ana lys i s  of the  E r r o r s  Assoc ia ted  w i t h  the  
Determinat ion of P l a n e t a r y  Atmosphere S t r u c t u r e  from Measured 
A c c e l e r a t i o n s  of an Entry Veh ic le .  NASA TR R-225, J u l .  1965. 

84.  Evans, J. W . :  Development of Gun Probe Payloads and a 1750 
MCjS Telemetry System. Memo Report  1749, USAMC, B a l l i s t i c  
Research L a b o r a t o r i e s ,  May 1966 (Ava i l ab le  from DDC as AD 
637747). 

85.  Chase, S .  C . ;  e t  a l . :  The Mariner I1 I n f r a r e d  Radiometer 
Experiment. J. Geophys. Res.,  v o l .  63, no.  22, Nov. 1963,  
pp.  6157-6169. 

171 



I 

86.  Jones , D .  E .  : The Mariner I1 Microwave Radiometer Experiment.  
Techn ica l  Report  32-722 , Je t  P ropu l s ion  Labora tory ,  J a n .  1 , 
1966. 

87. Bre re ton ,  R .  G . ;  e t  a l . :  Venus/Mercury Swing-By w i t h  Venus 
Capsule .  EPD-409, J e t  P ropu l s ion  Labora tory ,  J u l .  14 ,  1966. 
pp. 5-12, 

88. Bre re ton ,  R .  G .  ; e t  a l .  : Venus : Pre l imina ry  Sc ience  Objec-  
t ives  and Experiments f o r  Use i n  Advanced Mission S t u d i e s .  
Techn ica l  Memoranda 33-282, J e t  P ropu l s ion  Labora tory ,  Aug. 
1, 1966. 

8 9 .  Hanel ,  R .  A . ;  and St range ,  M .  6 . :  An Acous t ic  Experiment t o  
Determine t h e  Composition of  an  Unknown P l a n e t a r y  Atmosphere , 
NASA, Goddard Space F l i g h t  Cen te r ,  Greenbe l t ,  Maryland 

90 .  Hanel ,  R .  A . :  Exp lo ra t ion  of t h e  Atmosphere of Venus by a 
Simple Capsule ,  NASA TN D-1909. 

91 .  C o r l i s s ,  W .  R . :  Space Probes and P l a n e t a r y  Exp lo ra t ion .  Van 
Nostrand Co., 1965. 

92 .  Anon. : I n t r o d u c t i o n  t o  Mass Spectrometry w i t h  App l i ca t ions  i n  
Space Technology. 
i d a t e d  Systems Corpora t ion ,  Oct .  21, 1963. 

Systems Engineer ing  B u l l e t i n  3228, Consol-  

93.  Schae fe r ,  E .  J . ;  and Nicho l s ,  M.  H . :  Mass Spectrometer  f o r  
Upper A i r  Measurements. ARS J . ,  v o l .  31 ,  Dec. 1961, p p .  1773- 
1776. 

94. Schae fe r ,  E .  J . ;  and Nichols ,  M. H.:  Neu t r a l  Composition Ob- 
t a i n e d  from a Rocket-Borne Mass Spect rometer .  In-Space R e -  
s e a r c h  IVY P. Mul l e r ,  e d . ,  I n t e r s c i e n c e  P u b l i s h e r s ,  New York, 
1964. 

95. Schae fe r ,  E .  J . :  Neu t ra l  Composition, S c i e n t i f i c  Report  
05627-3-5, U n i v e r s i t y  of  Michigan, Col lege  of Engineer ing ,  
Feb. 1966 (NASA CR-70523). 

96. N i e r ,  A .  0.; e t  a l . :  N e u t r a l  Composition of t h e  Atmosphere 
3. Geophys. Res., v o l .  i n  t he  100- t o  200-Kilometer Range. 

69, Mar. 1, 1964, p .  979. 

97. W i l h i t e ,  W. F .  : The Development o f  t h e  Surveyor G a s  Chroma- 
tograph.  Techn ica l  Repor t  32-425, Je t  P ropu l s ion  Labora tory ,  
May 15,  1963. 

172 



98.  

99. 

100. 

101. 

102 

103.  

104. 

105.  

106.  

107.  

108. 

109. 

Oyama, V. I.; e t  a l . :  A p p l i c a t i o n s  of Gas Chromatography t o  
t he  Analyses  of  Organics ,  Water, and Adsorbed Gases i n  t he  
Lunar C r u s t .  Technica l  Repor t  32-107, J e t  P ropu l s ion  Lab- 
o r a t o r y ,  A p r .  25, 1961. 

W i l h i t e ,  W .  F . ;  Burne l l ,  M .  R .  : Lunar Gas Chromatograph. 
ISA J . ,  Sep. 1963. 

W i l h i t e ,  W .  F. : Developments i n  Micro Gas Chromatography. 
J.  Gas Chromatography, Feb. 1966, pp .  47-50. 

W i l h i t e ,  W .  F.: A Gas Chromatograph f o r  t he  Ana lys i s  of 
t he  Mart ian Atmosphere. SPS 37-29, Vol. I V ,  J e t  Propuls ion  
Labora tory ,  Oct .  31, 1964, p p .  185-188. 

J o s i a s ,  C . ;  Bowman, L . ;  and Mertz ,  H. :  A Gas Chromatograph 
f o r  t he  Analys i s  of t he  Martian Atmosphere. SPS 37-27, Vol. 
I V ,  J e t  Propuls ion  Labora tory ,  Jun .  30, 1964, p p .  85-91. 

Chaudet,  J .  H. :  Gas Chromatographic I n s t r u m e n t a t i o n  f o r  
Gas Ana lys i s  o f  t he  Mar t ian  Atmosphere, F i n a l  Repor t ,  Vol. 

CR-59772); Sep. 25, 1962. 
I, NASA CR-59769; Vol. 11, NASA CR-59773; Val. 111, NASA 

B o l l i n ,  E. M. : Micro- Analy t ica l  Gas P y r o l y s i s  Inst rumen-  
t a t i o n  f o r  Lunar and P l a n e t a r y  I n v e s t i g a t i o n .  SPS-37-31, 
Vol .  I V ,  J e t  P ropu l s ion  Labora tory ,  Feb. 28, 1965, pp. 255- 
261. 

Adams, J. L . :  The JPL High Impact Program - 1965. TR 32-  
844, J e t  Propuls ion  Labora tory ,  Feb. 1, 1966, pp. 10-13. 

Drummond D . ;  and M a g i s t r a l e ,  V . :  JPL S p a c e c r a f t  S t e r i l i -  
z a t i o n  Technology Program: A S t a t u s  Repor t .  TR 32-853, 
J e t  P ropu l s ion  Labora tory ,  Dec. 31 ,  1965, p p .  58-61. 

Marsha l l ,  J.  H. ;  and F ranzg ro t e ,  E .  J.: Analys i s  of t h e  
Mar t ian  Atmosphere by (2-Particle Bombardment - -  The Ruther-  
f o r d  Experiment.  SPS 37-26, Vol.  I V ,  J e t  P ropu l s ion  Labora-  
t o r y ,  Apr .  30 ,  1964, pp. 148-154. 

Anon.: Dete rmina t ion  of Oxygen i n  the Mar t ian  Atmosphere 
v i a  Kryptonates .  F i n a l  Repor t ,  JPL Con t r ac t  950279, P a r a -  
metrics, I n c . ,  Oct .  1962. 

Anon. : P o t e n t i a l  P l a n e t a r y  Atmosphere Sensors  F i n a l  Re- 
p o r t ,  JPL Con t r ac t  950684, Pa rame t r i c s ,  I n c . ,  Dec. 1964. 

173 



110. Hoenig, S .  A . ;  and Abramowitz, J.: D e t e c t i o n  Techniques 
f o r  Tenuous P l a n e t a r y  Atmospheres. F i f t h  Six-Month Repor t ,  
J u l y  1, 1965-Dec. 30,  1965. NsG-458, Eng inee r ing  Research 
L a b o r a t o r i e s ,  U n i v e r s i t y  of Ar izona.  

111. B r e r e t o n ,  R .  G .  : Venus : P r e l i m i n a r y  S c i e n t i f i c  O b j e c t i v e s  
and Experiments f o r  Use i n  Advanced Miss ion S t u d i e s .  EPD- 
328, J e t  Propu l s ion  Labora to ry ,  Dec. 22, 1965. 

112.  Sukalo ,  L. H . ,  e d . :  Proceedings of t h e  Atmospheric Biology 
Conference,  A p r .  13-15, 1964, U n i v e r s i t y  of Minnesota (un- 
d e r  NASA g r a n t  NsG-461). 

113. P i t t e n d r i g h ,  C .  S . ;  e t  a l . ,  e d s . :  Biology and t h e  Explora-  
t i o n  of Mars. P u b l i c a t i o n  1296, N a t i o n a l  Academy of Sciences  
N a t i o n a l  Research Counci l ,  Washington, D . C . ,  1966. 

114. Shneour, E .  A . ;  and Ot teson ,  E .  A , ,  e d s . :  E x t r a t e r r e s t r i a l  
L i f e :  An Anthology and Bibl iography.  P u b l i c a t i o n  12966, 
Na t iona l  Academy of Sciences  Na t iona l  Research Counci l ,  
Washington, D . C . ,  1966. 

115.  Young, R.  S. ;  P a i n t e r ,  R .  B. ;  and Johnson, R .  D. :  An Anal-  
y s i s  of the  E x t r a t e r r e s t r i a l  L i f e  De tec t ion  Problem. NASA 
SP-75, 1965. 

116. Ben t ly ,  K. E . ;  e t  a l . :  D e t e c t i o n  of L i fe- Re la ted  Compounds 
on P l a n e t a r y  Sur faces  by Gas Chromatography-Mass Spectrom- 
e t r y  Techniques.  Techn ica l  Repor t  TR 32-  , J e t  P ropu l s ion  
Labora to ry .  

1 1 7 .  Oyama, V.  I . , :  Mars B i o l o g i c a l  Ana lys i s  by Gas Chromatog- 
raphy.  Proceedings  of t h e  Lunar and P l a n e t a r y  E x p l o r a t i o n  
Colloquium. v o l  111, no. 2 ,  May 5,  1963, pp. 29-36. 

118. C o r l i s s ,  W .  R . :  Space Probes and P l a n e t a r y  E x p l o r a t i o n .  
Van Nostrand,  New York, 1965, pp. 477-502. 

119. Quimby, F .  H. ,  e d . :  Concepts f o r  D e t e c t i o n  of E x t r a t e r r e s -  
t r i a l  L i f e .  NASA SP-56, 1964. 

i 

120. Sof fen ,  G .  A . ;  and Sloan,  R .  K.: L i f e  D e t e c t i o n  by Visua l  
Imaging. Paper p r e s e n t e d  a t  1 2 t h  Annual Meeting of AAS, 
"The Search f o r  E x t r a t e r r e s t r i a l  L i f e ,  Anaheim, C a l i f o r n i a ,  
May 23-25, 1966. 

174 



121.  Loomis, A. A.:  A Lunar and P l a n e t a r y  Pet rography Exper i-  
ment. Technical  Report  32 -785, Je t  Propu l s ion  Laboratory ,  
Sep. 1, 1965. 

122.  Loomis, A.  A . :  Pe t rograph ic  Microscope (Breadboard Devel-  
opment). Space Programs Summary 37-30, Vol. I V ,  Jet  Pro-  
p u l s i o n  Laboratory ,  Dec. 31,  1964, pp .  172-178. 

123. Levin,  G .  V . ;  and Perez ,  G .  R . :  L i f e  De tec t ion  by Means of 
Metabol ic  Experiments.  
ing  of AAS. 
C a l i f o r n i a ,  May 23-25, 1966. 

Paper p r e s e n t e d  a t  1 2 t h  Annual Meet- 
"The Search f o r  E x t r a t e r r e s t r i a l  L i f e , ' '  Anaheim, 

124.  Anon.: Space Measurement Survey, Ins t ruments  and S p a c e c r a f t .  
NASA SP-3028, E l e c t r o  O p t i c a l  Systems I n c ,  1966, p p .  902- 
925. 

125.  C o r l i s s ,  W . :  Space Probes and P l a n e t a r y  E x p l o r a t i o n .  D .  
Van Nostrand Company, I n c ,  1965, pp.  297-312. 

126.  Heyck, H.  E. :  Magnetometers, D i r e c t i o n  and A t t i t u d e  Sew-' 
s o r s  f o r  Vehicular  Use. RM-213, Mar t in  Company, Bal t imore ,  
Maryland , Dec . 1961. 

1 2 7 .  B e l l ,  W .  E . ;  and Bloom, A.  L . :  O p t i c a l  De tec t ion  o f  Mag- 
n e t i c  Resonance i n  A l k a l i  Metal Vapor. Phys. Rev., v o l .  
107, 1957, p p .  1559-1565. 

128.  Bloom, A .  L.:  O p t i c a l  Pumping. S c i e n t i f i c  American, v o l .  
203, no.  4 ,  Oc t .  1960, pp .  72-80. 

129.  Smith, E .  J . ;  Coleman, P .  J . ,  Jr.; Judge, D .  L . ;  and S o n e t t ,  
C .  P . :  C h a r a c t e r i s t i c s  o f  the  E x t r a t e r r e s t r i a l  Cur ren t  Sys- 
tem: Explorer  V I  and Pioneer  V.  J. Geophys. R e s . ,  v o l .  65, 
1960, pp .  1858-1861. 

130.  Bloom, A .  L . :  P r i n c i p l e s  of Opera t ion  o f  the  Rubidium V a-  
por Magnetometer. Applied O p t i c s ,  v o l .  l ,  Jan .  1962, pp. 
61-68. 

131. Ness, N.  F . ,  Sea rce ,  C .  S . ;  and Seek, 3. B.: I n i t i a l  Re- 
s u l t s  of the  IMP-1 Magnetic F i e l d  Measurements. J. Geo- 
phys. Res. ,  v o l .  69, Sep. 1964, pp. 3531-3570. 

132. C a h i l l ,  L .  J. ,  Jr.: A Study of t h e  Outer  Geomagnetic F i e l d .  
IEEE Trans .  Nucl. S c i ,  Vol. NS-10, J u l .  1963, p p .  10-19. 

175 



133.  

134. 

135 .  

136 .  

137. 

138. 

139. 

140.  

141. 

142.  

143. 

Heppner; Ness; Searce ;  and Skil lman:  J. Geophys. R e s . ,  
v o l .  68,  J an .  1, 1963, pp. 1-46.  

Smith, E .  J . ;  Davis ,  L . ,  J r . ;  Coleman, P .  J . ,  Jr . ;  and 
Jones ,  D .  E .  : Magnetic F i e l d  Measurements nea r  Mars. S c i -  
ence ,  v o l .  149, Sep.  10 ,  1965, pp .  1242-1243. 

Schutz ,  F .  L . ;  e t  a l . :  Mariner Sc ience  Subsystem. Techni-  
ca l  Repor t  32-813, J e t  P ropu l s ion  Labora tory ,  Aug. 15,  1966, 
pp.  45-57. 

Ba ra th ,  F .  T . :  Symposium on Radar and Radiometr ic  Obser-  
v a t i o n s  of Venus du r ing  t h e  1962 Conjunct ion .  As t ron .  J . ,  
V O ~ .  69, 1964, pp. 1-2.  

Kaplan, L .  D . :  1964: Recent  P h y s i c a l  Data f o r  Venus. 
NASA CR-56851, Jet  P ropu l s ion  Labora tory ,  1964. 

Owen, R .  B . :  T h e o r e t i c a l  Model Atmospheres of  Venus. P r o-  
ceedings  of I n s t i t u t e  of Environmental Sc i ences ,  Annual 
Technica l  Meetings,  Chicago, I l l . ,  Apr . 2 1  -23, 1965, pp . 
113 -122. 

Haurwitz ,  B .  : Thermally Driven C i r c u l a t i o n  B e i t r .  Phys.  
A t m . ,  v o l .  35,  1962, pp. 145-159. 

Mintz,  Y . :  The Energy Budget and Atmospheric C i r c u l a t i o n  
on a Synchronously R o t a t i n g  P l a n e t .  I c a r u s ,  v o l .  1, 1962, 
pp. 172-173. 

Ohring, G. ;  W .  Tang; and J. Mariano: P l a n e t a r y  Meteorology. 
NASA CR-280. GCA Corpora t ion ,  1965. 

Tang, W .  : Meteorologica l  V a r i a b l e s  C r i t i c a l  t o  Geometry 
Hurricane S p i r a l  Bands. Technica l  Repor t  66-17-G. GCA 
Corpora t ion ,  1966. 

Kuo, H. L . :  P e r t u r b a t i o n  of Plane Couet te  Flow i n  S t r a t  

of 

- 
f i e d  F l u i d  and O r i g i n  of Cloud S t r e e t s .  Phys F l u i d s ,  v o l .  
6 ,  1963, pp. 195-211. 

176  



* 
P 

144. Ash, M.  E . ,  e t  a l . :  Astronomical  Cons tan t s  and P l a n e t a r y  
Emphenerides Deduced from Radar and O p t i c a l  Obse rva t ions .  
As t ron .  J . ,  v o l .  72, no. 3, 1967, pp. 338-350. 

145. Anderson, J .  D . :  Determinat ion  of  t h e  Masses of  t h e  Moon 
and Venus and t h e  A.U.  froin Radio Tracking  Data of t he  
Mar iner  I1 S p a c e c r a f t ,  Techn ica l  Report 32-816, J e t  
P ropu l s ion  Labora tory .  J u l .  1, 1967. 

146. Dyce, R.  B .  and P e t t e n g i l l ,  G .  H.: Radar Determinat ion  of  
t h e  R o t a t i o n s  of  Venus and Mercury. Ast ron .  J . ,  v o l .  72, 
no. 3,  1967, p p .  351-359. 

147. Ca rpen te r ,  R. L . :  Study o f  Venus by CW Radar. As t ron .  J . ,  
v o l .  69, no. 1, 1964, p p .  2-11. 

148. G o l d s t e i n ,  R. M . :  P re l imina ry  Venus Radar R e s u l t s .  J. 
Res. Na t l .  Bur. S t d s . ,  Radio S c i .  v o l .  69D, 1965, p .  1623. 

149. G o l d s t e i n ,  R. M. :  Radar S t u d i e s  of Venus, COSPAR, I n t e r -  
n a t l .  Space S c i ,  Symp., Vienna, May 1966. 

150. Bre re ton ,  R. G . ,  e t  a l . :  Venus: P re l imina ry  Science  Objec-  
t i v e s  and Experiments f o r  Use i n  Advanced Miss ion  S t u d i e s .  
EPD-328, J e t  P ropu l s ion  Lab, 22 Dec. 1965. 

177 


	FOREWORD
	CONTENTS
	SUMMARY
	INTRODUCTION
	SYMBOLS
	PRESENT KNOWLEDGE OF VENUS
	Observations and Interpretations
	Mariner I1 Results and Interpretations
	Mariner-Venus 1967 Flyby

	SCIENTIFIC OBJECTIVES FOR A BUOYANT VENUS STATION
	Desired Measurements
	Priorities
	Experiments

	CONCLUSIONS
	A DROP SONDES
	DROP SONDE OBJECTIVES
	TRAJECTORIES
	BALLISTIC COEFFICIENTS
	DROP SONDE SHAPES
	DROP SONDE CONFIGURATIONS
	SMALL SONDE
	LARGE SONDE

	B DETAILED CHARACTERISTICS OF EXPERIMENTS
	ATMOSPHERIC PRESSURE
	ATMOSPHERIC TEMPERATURE
	SURFACE TEMPERATURE
	ATMOSPHERIC DENSITY
	ATMOSPHERIC COMPOSITION
	CLOUD COMPOSITION
	EXOBIOLOGY
	WINDS
	MAGNETIC FIELDS
	ELECTRICAL DISCHARGES
	SURFACE HARDNESS

	C ATMOSPHERIC CIRCULATION ON VENUS
	IMPORTANT PHYSICAL PARAMETERS
	MODELS OF LARGE-SCALE CIRCULATION
	DISCUSSION
	C ONC LU S IO N
	FOR A BUOYANT VENUS STATION

	DESIRED COVERAGE AND SAMPLING RESOLUTION
	ESTIMATE OF TRAJECTORY OF A BUOYANT STATION
	ADVANTAGES OF MORE THAN ONE BUOYANT STATION

	E TRACKING INSTRUMENTATION
	REQUIREMENT
	STATEMENT OF PROBLEM
	APPROACH TO THE PROBLEM
	ERRORS IN DETERMINING THE POSITION OF THE STATION
	RESOLUTION OF AMBIGUITY BY INERTIAL NAVIGATION
	ORBITER

	RECOMMENDED INERTIAL COORDINATE SYSTEM
	NIQUES

	COORDINATE SYSTEM RELATIONSHIP

	F ROTATION RATE MASS AND RADIUS OF VENUS
	REFERENCES
	1 GENERAL DATA FOR VENUS
	2 SUMMARY OF PRESENT KNOWLEDGE OF VENUS
	3 MARINER I1 EXPERIMENTS
	4 MARINER-VENUS 1967 EXPERIMENTS
	5 DESIRED MEASUREMENTS FOR EARLY VENUS MISSIONS
	6 PRIORITY ORDERING OF MEASUREMENTS
	7 CANDIDATE EXPERIMENTS FOR THE BVS
	8 SCIENCE INSTRUMENTS FOR 200-LB BVS
	9 FIVE-POUND DROP SONDE EXPERIMENTS
	10 2000-POUND BVS EXPERIMENTS
	11 LARGE SONDE EXPERIMENT COMPLEMENT
	12 COMPARISON OF 200- AND 2000-LB BVS
	13 DROP SONDE EXPERIMENT COMPLEMENTS
	14 SMALL SONDE EXPERIMENT COMPLEMENT
	15 WEIGHT BREAKDOWN FOR SMALL SONDE
	16 LARGE SONDE EXPERIMENT COMPLEMENT
	17 WEIGHT BREAKDOWN FOR LARGE SONDE
	18 PRESSURE SENSOR COMPARISON MATRIX
	19 RADIATION SCATTER DENSITOMETERS
	20 ATMOSPHERIC COMPOSITION INSTRUMENTS
	21 MASS SPECTROMETER TYPES
	22 PRELIMINARY WEIGHT AND POWER ALLOCATION ESTIMATES
	23 SUMMARY OF COMPOSITION INSTRUMENTS
	24 FILTER PHOTOMETERS
	25 TYPICAL MAGNETOMETER CHARACTERISTICS
	SOLAR POINTS
	DIFFERENT SURFACE PRESSURES po
	FICIENTS OF FRICTION
	NAVIGATION SYSTEMS

	1 Relative Positions of Earth and Venus
	2 Venus Temperature Profiles
	3 Microwave Observations of Venus
	4 Surface Temperature
	Venusian Atmosphere

	6 Venus Density Profile NASA SP-3016 Data
	7 Brightness Temperature Map of Venus
	pheres

	9 Radar Surface Features
	10 Mariner I1 (1962) Radiometer Scans
	11 Proposed Mariner 67 Flyby (JPL Drawing ref
	12 Time vs Altitude for Upper Density Model
	13 Time vs Altitude for Mean Density Model
	14 Time vs Altitude for Lower Density Model
	15 Velocity vs Altitude for Upper Density Model
	16 Velocity vs Altitude for Mean Density Model
	17 Velocity vs Altitude for Lower Density Model
	for Mean Density Model
	19 Diameter vs Minimum Ballistic Coefficient
	20 Drop Sonde Decelerator Concepts
	21 Schematic of Small Sondes
	22 Large Sonde Data Acquisition
	23 Large Sonde Suspended from Parachute
	24 Block Diagram of the Acoustic Equipment (ref 90) l
	25 Mass Spectrometer System
	26 Quadrupole Mass Spectrometer
	27 End View of Quadrupole Electrodes
	Scientific Data Systems)
	tion of Unity Magnification)
	Plane (ref

	32 Explorer XVII Instrument Package
	33 Surveyor Gas Chromatograph Schematic
	34 Typical Detector- Signal
	35 Typical Derivative Chromatogram
	36 Layout of Source Sample and Detectors
	37 Cloud Sampling System
	38 Abbreviated Microscope
	39 MBL Schematic ref.
	40 Computed Profile for V W and T
	Buoyant Station on Venus
	Subsolar Point

	43 BVS Trajectories Showing Desired Entry Locations
	ence to Periapsis and Orbital Plane
	for e3
	for e =
	ment due to Entry
	ment due to Entry

	50 X and Y Body Accelerometer Outputs
	51 Areas of Communication on Reference Sphere
	52 Inertial Coordinate Frame
	Orbit Referenced to Inertial System

	54 Solution of the Intersection of the Three Spheres
	Adams J L The JPL High Impact Program - 1965 TR


