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Abstract 

On the basis of a discussion of the measurements which would be most 

relevant in the clouds of Venus, a number of instruments are suggested for 

further consideration, and two are discussed in some detail. 
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CEAPTER I: GENERAL REMARKS 

A. The Design of an Investigation 

Our knowledge of the Venus clouds is slight, and it is obvious that 

the first mission should seek the answers to only a few simple questions. 

Among these should be questions, the answer to which will facilitate the 

design of subsequent probes, such as, does icing occur? If the clouds 

consist of a condensible species it is very possible that in many places 

they would c'ontain supercooled droplets (as is the case on Earth). In 

such an environment any vehicle would steadily accrete a thickening layer 

of "ice" which could deleteriously affect the performance of measuring 

probes. For example, windows may ice over; and a balloon designed to 

float in the clouds might eventually be forced down out of the region it 

was intended to sample. 

Thus, emphasis should be placed not only on simple fundamental 

physical questions, but also on "technological" ones which bear on the 

design of later probes. 

B. Redundancv of Measurements 

Because it is impossible to be certain how a given device will 

perform in the Venus clouds, the measurements should be chosen so that 

they support each other; that is, to be somewhat redundant. A detailed 

consideration of almost any measurement on the clouds in this 

virtually unknown environment leads to some feeling of insecurity 

in view of the complexities of such measurements in our own 
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atmosphere. A s imple  example of t h i s  re la tes  t o  t h e  i c i n g  phenomenon 

mentioned above. I n  E a r t h ' s  c louds ,  supercooled  w a t e r  i s  ex t remely  

common. A t empera ture  probe exposed t o  such a c loud  i s  heated (by as 

much as 1 0  degrees  C)  as supercooled d r o p l e t s  impinge on it and f r e e z i n g  

occur s .  Under c e r t a i n  c o n d i t i o n s ,  t h e  tempera ture  of  such a probe can  

be used as an approximate measure of t h e  c o n c e n t r a t i o n  of supercooled  

l i q u i d ,  b u t  it may g i v e  an i n a c c u r a t e  measure of t h e  temperatureof  t h e  

medium. I n  an  analogous way, o t h e r  measurements could g i v e  mis leading  

r e s u l t s  i n  t h e  Venus atmosphere. Th i s  leads t o  t h e  i d e a  t h a t  redundancy 

should  be sought  a f t e r  i f  n o t  by making t h e  s a m e  measurement i n  t w o  

d i f f e r e n t  ways, a t  l eas t  by des ign ing  a set  of  measurements which are 

l o g i c a l l y  i n t e r l o c k i n g .  

C. L i m i t a t i o n  of Ob jec t ives  

The range of tempera ture  and p r e s s u r e  f r o m  t h e  cloud t o p s  t o  t h e  

s u r f a c e  i s  ve ry  g r e a t ,  and it cannot  be expected t h a t  t h e  s i g n i f i c a n t  

a tmospheric  problems i n  t h e  v i s i b l e  c loud  l a y e r  bear much resemblance 

t o  t h o s e  nea r  t h e  p l a n e t a r y  s u r f a c e .  The choice has been made, t h e r e -  

fore,  t o  cons ide r  t h e  problems of t h e  v i s i b l e  c loud l a y e r  o n l y ,  and t o  

i n v e s t i g a t e  methods of answering q u e s t i o n s  which would h e l p  i n  under- 

s t a n d i n g  t h i s  l a y e r  and so would re la te  t o  o p t i c a l  measurements made 

from Ear th .  

The l e a d i n g  q u e s t i o n s  concerning t h e  c loud  l a y e r  would appear  t o  be: 

1. A r e  t he  c louds  s t r a t i f o r m  o r  convec t ive?  

2.  How t h i c k  i s  t h e  cloud l a y e r ?  

3 .  What i s  i t s  o p t i c a l  d e n s i t y ?  
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4. D o  t he  clouds r e s u l t  from condensat ion? 

5. Does " i c i n g "  occur  i n  t h e  clouds? 

For t h e  i n v e s t i g a t i o n  of such ques t ions  as t h e s e ,  i t  i s  obvious 

t h a t  a descending probe would need t o  have a f a l l  speed of t he  o r d e r  of 

t e n  m e t e r s  p e r  second, and t h i s  i s  assumed throughout .  

CHAPTER 11: D I S C U S S I O N  O F  THE LEADING QUESTIONS 

A .  A r e  t h e  Clouds S t r a t i f o r m  or  Convective? 

The clouds of Venus have o f t e n  been enviseaged as s p h e r i c a l l y  

symmetrical  - t h a t  i s ,  s t r a t i f o r m .  Never the l e s s ,  t h e  p o s s i b i l i t y  remains 

t h a t  they a r e  i n  f a c t  s t r o n g l y  convec t ive ,  and t h a t  convec t ive  towers 

r ise above a g e n e r a l  c loud  deck, as happens n o t  i n f r e q u e n t l y  on Ea r th .  

I f  indeed such complexity e x i s t s ,  some i n t e r p r e t a t i o n s  of o p t i c a l  d a t a  

i n  which a s t r a t i f o r m  s t r u c t u r e  w a s  t a c i t l y  assumed may need r e v i s i o n .  

I f  indeed t h e  c louds  are convec t ive ,  it seems l i k e l y  t h a t  they must 

be formed by condensat ion.  A s  seen  i n  t h e  E a r t h ' s  atmosphere,  an i n e r t  

c loud  of p a r t i c l e s  d i f f u s e s  under t h e  i n f l u e n c e  of background tu rbu lence  

and t h e  v e r t i c a l  s h e a r  of t h e  h o r i z o n t a l  wind t o  form a f l a t  s h e e t  w i t h  

on ly  very s l i g h t  g r a d i e n t s  of d e n s i t y  i n  t he  h o r i z o n t a l .  A condensing 

s p e c i e s ,  however, s u p p l i e s  energy on t h e  s c a l e  of t h e  condensing volume, 

g i v i n g  r i se  t o  va r ious  forms of c o n d i t i o n a l  i n s t a b i l i t y  i n  which v e r t i c a l  

motions c r e a t e  buoyancy which f avor s  even s t r o n g e r  v e r t i c a l  motions,  w i t h  

t h e  r e s u l t  t h a t  water  c louds  on Ea r th ,  q u i t e  u n l i k e  d u s t  c louds ,  a r e  

c h a r a c t e r i z e d  by s t r o n g  g r a d i e n t s  of all p r o p e r t i e s  i n  t h e  h o r i z o n t a l .  

Measurements which would r e v e a l  something of the  n a t u r e  of the upper s u r -  

f a c e  of t h e  clouds would, t h e r e f o r e ,  " i n t e r l o c k "  wi th  experiments  designed 
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t o  de termine ,  f o r  example, whether t h e  cloud p a r t i c l e s  are v o l a t i l e  o r  

n o t  and a l s o  w i t h  measurements of h o r i z o n t a l  g r a d i e n t s  of c loud p r o p e r t i e s .  

Obviously,  a c o n s i d e r a t i o n  of c loud t o p  o b s e r v a t i o n s  w i l l  depend g r e a t l y  

on t h e  r e s u l t s  of t h e  Venus-Mercury f ly-by ,  and no s p e c i f i c  recommendations 

are made concerning t h e  i n v e s t i g a t i o n  of t h e  cloud t o p s ,  though t h e  o p t i c a l  

r a d a r  sugges ted  below has t h e  p o t e n t i a l i t y  of be ing  used f o r  t h i s  purpose.  

B. Cloud Depth and O p t i c a l  Thickness  

Ques t ions  ( 2 )  and ( 3 )  above - how deep i s  t h e  c loud  l a y e r  and how 

dense i s  it o p t i c a l l y  - are c l o s e l y  r e l a t e d ,  s i n c e  t h e  s i m p l e s t  method 

of measuring c loud  dep th  i s  o p t i c a l ;  indeed ,  t h e  upper and lower boundaries  

could  ha rd ly  be de f ined  excep t  i n  o p t i c a l  t e r m s .  The measurements of t h e  

s c a t t e r i n g  p r o p e r t i e s  of  t h e  atmosphere should  obvious ly  be made i n  f r e e  

a i r  space  r a t h e r  t han  i n  a c losed  c o n t a i n e r  s i n c e  i n  t h i s  way t h e  compli- 

c a t i o n s  of i c i n g  and of i n a d v e r t e n t l y  caus ing  changes i n  t h e  sample (by 

impact ion o r  evapora t ion )  are e l imina ted .  Thesequestions have, t h e r e f o r e ,  

been cons idered  p r i m a r i l y  i n  r e l a t i o n  t o  t h e  dark  s i d e  of t h e  p l a n e t .  

Many-nephelometer c o n f i g u r a t i o n s  could  be used;  t hey  d i f f e r  from 

each o t h e r  c h i e f l y  i n  r e g a r d  t o  range and t h e  deg ree  of s p a t i a l  d i s -  

c r i m i n a t i o n  which i s  sought .  A s  has been argued above, i f  t h e  c louds  

c o n s i s t  of an i n e r t  d u s t ,  t hey  are probably s t r a t i f o r m  and homogeneous 

i n  t h e  h o r i z o n t a l ;  if of a condensed mater ia l ,  t hey  are probably con- 

v e c t i v e  and heterogeneous i n  t h e  h o r i z o n t a l .  A measurement of o p t i c a l  

p r o p e r t i e s  made by means of  a s imple o p t i c a l  r a d a r  would, t h e r e f o r e ,  be  

g r e a t l y  p r e f e r a b l e  t o  a measurement made by a shor t - r ange  nephelometer 

i n  t h e  immediate v i c i n i t y  of t h e  probe. By r e v e a l i n g  something of  t h e  

s t r u c t u r e  of t h e  cloud i n  t h e  h o r i z o n t a l ,  o p t i c a l  r a d a r  would p rov ide  
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more r e p r e s e n t a t i v e  data ,  and would i n t r o d u c e  a h i g h l y  d e s i r a b l e  e lement  

of redundancy. Such a device could a l s o  be  capab le  of y i e l d i n g  some 

in fo rma t ion  about  t h e  n a t u r e  of t h e  Epper s u r f a c e  of t h e  c loud ,  and a l so  

of i t s  lower boundary, where phenomena analogous t o  r a i n  showers may w e l l  

occur .  The d e s i g n  of a s imple  o p t i c a l  radar i s  f u r t h e r  d i s c u s s e d  i n  

Chapter  111. 

C. A r e  t h e  Clouds Formed by Condensation? 

I n  a c loud  which has formed by condensa t ion ,  t h e  vapor p r e s s u r e  of 

t h e  condensing s p e c i e s  i s  l i k e l y  t o  be c l o s e  t o  t h e  s a t u r a t i o n  vapor 

p r e s s u r e .  I n  t e r res t r ia l  c louds  t h i s  i s  t r u e  t o  w i t h i n  a few p e r c e n t .  

I f  t h i s  s i t u a t i o n  i s  d i s t u r b e d  - f o r  example, as a r e s u l t  of t h e  mixing 

of a i r  of d i f f e r e n t  p r o p e r t i e s  - it i s  r e - e s t a b l i s h e d  (on E a r t h )  w i t h  a 

t i m e  c o n s t a n t  of  t h e  o r d e r  of t e n  seconds;  it would appear  ve ry  reason-  

a b l e  t o  assume t h a t  t h e  atmosphere w i t h i n  t h e  c louds  of Venus - i f  t hey  

are formed by condensa t ion  - i s  c l o s e  t o  s a t u r a t i o n  w i t h  r e s p e c t  t o  t h e  

condensing s p e c i e s .  

There are,  t h e r e f o r e ,  t w o  g e n e r a l  ways t o  examine t h i s  q u e s t i o n :  

by conduct ing measurements on  t h e  cloud p a r t i c l e s ,  o r  on t h e  vapor .  I f  

a sample of t h e  c loud  a i r  i s  hea ted  or  compressed, t h e  cloud d r o p l e t s  

w i l l  evapora t e ,  and t h i s  could  be d e t e c t e d  o p t i c a l l y .  Once t h e  v o l a t i l e  

p a r t i c l e s  have been removed by evapora t ion ,  i f  t h e  n o n - v o l a t i l e  p a r t i c l e s  

w e r e  removed f o r  example by an e lec t ros ta t ic  p r e c i p i t a t o r ,  it would be 

u s e f u l  t o  recondense t h e  vapor  t o  form a f r o s t  o r  d e w  on a cooled s u r f a c e .  

I f  such a d e p o s i t  w e r e  cooled deeply t o  ensu re  t h a t  it f r e e z e s ,  and w e r e  

t hen  remel ted ,  it would be p o s s i b l e  t o  de te rmine  t h e  me l t ing  p o i n t  of t h e  

condensizlg s p e c i e s ,  which would be of d i a g n o s t i c  va lue .  
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The o u t p u t  from a condensing appara tus  of t h i s  kind would c o n t a i n  

condens ib le  vapors  a t  p a r t i a l  p r e s s u r e s  corresponding t o  t h e  minimum 

temperature  reached,  and provided t h i s  temperature  w e r e  below t h a t  of t h e  

m a s s  spec t rometer ,  could be used t o  supply it wi thout  r i s k  of blockage 

due t o  condensat ion i n  t h e  spectrometer  l e a k  o r  elsewhere.  The des ign  

of an evapora to r  - condensor t r a i n  i s  d i scussed  i n  Chapter  111. 

I f  t h e  c louds  are formed by condensat ion,  t h e  p a r t i c l e s  a r e  probably 

nuc lea ted  from t h e  vapor by a p r e - e x i s t i n g  a e r o s o l ,  as i s  t h e  case  on 

E a r t h ,  though i t  i s  j u s t  conceivable  t h a t  they  may be formed ( a t  high 

s u p e r s a t u r a t i o n s )  by homogeneous nuc lea t ion .  ( I f  perchance t h e  l a t t e r  

w e r e  t h e  c a s e ,  it would seem i n e v i t a b l e  t h a t  t h e  clouds would be very 

s t r o n g l y  convec t ive  indeed,  s i n c e  t h e  o n s e t  of condensat ion would release 

a very  l a r g e  s t o r e  of energy!. Aerosol  p a r t i c l e s  (Aitken n u c l e i )  are 

ub iqu i tous  i n  t h e  atmosphere of t h e  Ea r th ;  they  o r i g i n a t e  from m e t e o r i t i c  

bombardment, photochemical processes  and from t h e  s u r f a c e ,  and t h e i r  f a l l  

speeds a r e  of o r d e r  t o  c m  sec-l. I t  seems very l i k e l y  indeed 

t h a t  they  a r e  widely d i s t r i b u t e d  on Venus. 

Under t h e  i n f l u e n c e  of Brownian motion, Aitken n u c l e i  c o n t i n u a l l y  

coagula te  wi th  each o t h e r ,  and p a r t i c u l a r l y  wi th  cloud p a r t i c l e s .  I n  

t e r res t r ia l  c louds ,  Aitken n u c l e i  are absorbed by cloud drops a t  such 

a ra te  t h a t  t h e i r  concen t r a t ion  diminishes  w i t h  a t i m e  c o n s t a n t  of t h e  

o r d e r  of a few hours .  I f  t h e  clouds of Venus c o n s i s t  of n s p h e r i c a l  

p a r t i c l e s  of r a d i u s  

V c m ,  t hen ,  Vnr -1. 

a t  a r a t e  of 4~NDnr 

concen t r a t ion  and D 

2 

3 r c m  p e r  c m  , and t h e  v i s i b i l i t y  i n  t h e  clouds i s  

Aitken p a r t i c l e s  a r e  absorbed by t h e  c loud p a r t i c l e s  

p a r t i c l e s  cm-3 sec-l, where N i s  t h e  Aitken p a r t i c l e  

i s  t h e i r  d i f f u s i o n  c o e f f i c i e n t .  Thus, i n  c loud,  t h e  
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c o n c e n t r a t i o n  of Aitken n u c l e i  d iminishes  w i t h  a t i m e  c o n s t a n t  of 

5 (l/dLcrrDnr) = Vr/$.rrD. Taking p l a u s i b l e  v a l u e s ,  such as: V = 1 0  c m ,  

r = 1 0  c m ,  D = 

a day. 

- 4  crn2 sec-l t h i s  i n d i c a t e s  a t i m e  c o n s t a n t  of about  

I f  t h e  cloud p a r t i c l e s  c o n s i s t  of l i q u i d  d r o p l e t s ,  t hey  must be 

expected t o  c o a g u l a t e  w i t h  each o t h e r  under t h e  i n f l u e n c e  of Brownian 

motion, e lec t r ic  f i e l d s ,  and d i f f e r e n c e s  i n  f a l l - s p e e d  i n  t he  g r a v i t a -  

t i o n a l  f i e l d  of t h e  p l a n e t .  Thus, a p r o c e s s  analogous t o  t h a t  by which 

te r res t r ia l  c louds  form p r e c i p i t a t i o n  seems l i k e l y  t o  be o c c u r r i n g .  The 

l a r g e r  d r o p l e t s  formed by coagu la t ion  would t h e n  c a r r y  down t o  levels  

below t h e  c loud  l a y e r  a s t e a d y  f l u x  of Aitken p a r t i c l e s .  Th i s  " p r e c i p i t a -  

t i o n "  would evapora t e  a t  some leve l ,  no doubt f a r  above t h e  p l a n e t a r y  

s u r f a c e ,  r e l e a s i n g  aerosol p a r t i c l e s  i n t o  t h e  f ree  a i r .  However t h i s  

occur s ,  it s e e m s  ve ry  l i k e l y  t h a t  i f  t h e  c louds  are formed by condensa- 

t i o n ,  they  ac t  as a t r a p  f o r  Aitken p a r t i c l e s  (as w e l l  as f o r  g a s e s  which 

are s o l u b l e  i n  t h e  condensed s p e c i e s ) ,  t h e  a s s o c i a t e d  "hydro logic  c y c l e "  

c o n t i n u a l l y  t r a n s p o r t i n g  them towards t h e  s u r f a c e  of t h e  p l a n e t ,  w i t h  t h e  

probable  r e s u l t  t h a t  there i s  a marked d i s c o n t i n u i t y  i n  Aitken nuc leus  

c o n c e n t r a t i o n  a t  c loud t o p  l e v e l ,  as on E a r t h ,  where i t  o f t e n  decreases 

by an  order of magnitude over a few hundred meters. By c o n t r a s t ,  i f  

t h e  c louds  c o n s i s t  of d u s t ,  o r  are themselves a photochemical ly  formed 

a e r o s o l ,  such a d i s c o n t i n u i t y  i s  less l i k e l y .  S ince  t h e  measurement of 

Ai tken  nuc leus  c o n c e n t r a t i o n  i s  s imple ,  it would be of  i n t e r e s t  t o  i n -  

c l u d e  t h i s  measurement. 

D.  D o e s  " I c ing"  occur  i n  t h e  Clouds? 

I f  t h e  c louds  of Venus c o n s i s t  i n  f a c t  of  supercooled d r o p l e t s ,  t h e  
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performance of any probe w i l l  thereby  be a f f e c t e d ;  a thermometer may 

r e a d  s e v e r a l  deg rees  h igh  and windows may become obscured.  The d e t e c t i o n  

of i c i n g  i n  i t s e l f  would be  s o m e  d i a g n o s t i c  v a l u e  i n  r ega rd  t o  t h e  con- 

s t i t u t i o n  of  t h e  c loud  p a r t i c l e s .  

Perhaps t h e  s i m p l e s t  method of d e t e c t i n g  i c i n g  would be  t o  compare 

t h e  tempera ture  i n d i c a t e d  by a s m a l l  thermometer probe w i t h  t h a t  d e r i v e d  

f r o m  a measurement of t h e  v e l o c i t y  of sound. If two-way measurements of 

t h e  t r a n s i t  t i m e  of sound are made between a body suspended some d i s t a n c e  

below t h e  probe,  and t h e  probe i t s e l f ,  bo th  t h e  v e l o c i t y  of t h e  probe 

through t h e  a i r ,  and t h a t  of  sound could be  measured w i t h  c o n s i d e r a b l e  

accuracy.  T r e a t i n g  t h e  atmosphere a s  an i d e a l  g a s ,  t h e  v e l o c i t y  of  

sound, V i s  g iven  by: V, = yRT/M, ( y ,  t h e  r a t i o  of s p e c i f i c  h e a t s :  

R, u n i v e r s a l  g a s  c o n s t a n t ;  T ,  a b s o l u t e  tempera ture ;  M ,  molecular  weight  

of t h e  atmosphere) and by making s imultaneous measurements of  Vs and T 

i n  t h e  clear a i r  above and below t h e  c l o u d s ,  t h a t  i s  i n  r e g i o n s  known 

2 
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t o  be free f r o m  i c i n g  (so t h a t  t h e  d i r e c t l y  measured tempera ture  would 

be v a l i d ) ,  it would be p o s s i b l e  t o  e v a l u a t e  y/M independent ly  of o t h e r  

knowledge of t h e  c o n s t i t u t i o n  of  t h e  atmosphere. I n  t h e  presence  of  a 

condensing vapor ,  t h e  mixing r a t i o  of which would va ry  wi th  h e i g h t ,  y/M 

would n o t  be e x a c t l y  c o n s t a n t ,  and it might  w e l l  be d e s i r a b l e  t o  c o n s t r u c t  

a s imple  t h e o r e t i c a l  model of t h e  cloud l a y e r  t o  f i t  t h e  d a t a  i n  o r d e r  t o  

be able t o  deduce T f r o m  Vs w i t h  improved accuracy.  

i t s e l f  could be  des igned  t o  g i v e  an independent  i n d i c a t i o n  t h a t  i c i n g  

w a s  o c c u r r i n g  by making it i n  t h e  form of a t h e r m i s t o r  bead about  1 nun 

The tempera ture  probe  

i n  d i ame te r ,  mounted on a s h i e l d e d ,  s t i f f  f i b e r  so t h a t  t h e  frequency 

of t r a n s v e r s e  v i b r a t i o n  of t h e  f i b e r  could  be used t o  measure t h e  m a s s  

a c c r e t e d  by t h e  bead. P r o v i s i o n  would be made t o  r a d i a n t l y  h e a t  t h e  

8. 



bead i n  o r d e r  t o  remove d e p o s i t s  p e r i o d i c a l l y .  The t i m e  v a r i a t i o n  of 

t h e  bead temperature  may a l s o  g i v e  s i g n i f i c a n t  in format ion .  For example, 

if a thermometer i s  exposed t o  a cloud of supercooled w a t e r  d r o p l e t s  

a t  a r e l a t i v e  v e l o c i t y  of t h e  o r d e r  of 1 0  m sec-l, a s  soon as it i s  

we t t ed ,  it t a k e s  up t h e  " w e t  bulb" temperature .  But a f t e r  t h e  super-  

cooled water  s k i n  which forms on it begins  t o  f reeze,  it i s  hea ted  by 

t h e  l a t e n t  h e a t  l i b e r a t e d  as a r e s u l t  of n u c l e a t i o n  and f r e e z i n g  of newly 

a r r i v i n g  supercooled d r o p l e t s  t o  a temperature  above t h a t  of t h e  medium. 

The temperature  rise depends on t h e  volume concen t r a t ion  of supercooled 

w a t e r ;  i n  no case, of cour se ,  w i l l  t h e  temperature  rise above t h e  

f r e e z i n g  p o i n t  of water .  Temperature excurs ions  such a s  t h e s e  could g i v e  

q u i t e  c l e a r  evidence of t h e  presence of supercooled l i q u i d ,  and may make 

p o s s i b l e  a de te rmina t ion  of i t s  equ i l ib r ium f r e e z i n g  p o i n t  and g i v e  a 

rough i n d i c a t i o n  of i t s  concen t r a t ion .  The frequency of o s c i l l a t i o n  

measurement would redundant ly  i n d i c a t e  t h e  s a m e  q u a n t i t y .  

If microphones a r e  used t o  measure sound v e l o c i t y ,  it would be 

--possible  t o  des ign  the  lower one (which could be remote f r o m  parachute  

no i se )  t o  detect  meteoro logica l  sounds,  should such be p r e s e n t .  The 

a p r i o r i  p r o b a b i l i t y  t h a t  t h e  microphone would d e t e c t  r a i n d r o p s ,  thunder  

o r  a e o l i o n  tones  genera ted  a t  t h e  surface of t h e  p l a n e t  i s  of course  

low, b u t  i f  it d i d ,  t h e  informat ion  provided would be of t h e  g r e a t e s t  

i n t e r e s t  and of a kind n o t  o therwise  a v a i l a b l e ;  t h e  measurements made 

on a descending probe tend t o  be pu re ly  l o c a l  i n  na tu re  and conspicuously 

l ack ing  i n  t h e  power t o  c a r r y  informat ion  concerning t h e  surroundings of 

t h e  probe. If t h e  v e l o c i t y  of t h e  probe r e l a t i v e  t o  t h e  a i r  i s  found 

as described above; it would be of great i n t e r e s t  t o  compare t h i s  

9. 



v e l o c i t y  w i t h  a measurement of t h e  ra te  of change of p r e s s u r e  us ing  

a s e n s i t i v e  var iometer  - t h a t  i s ,  a leaky  a n e r o i d  barometer .  Such 

d e v i c e s  can measure q u i t e  s m a l l  ve r t ica l  v e l o c i t i e s  ( w i t h  r e s p e c t  t o  

t h e  p l a n e t  s u r f a c e )  provided  they  p e r s i s t  f o r  p e r i o d s  of some seconds.  

B y  means of such a comparison, some i d e a  could  be ga ined  of t h e  v i g o r  

of convec t ion  i n  and below t h e  c louds ,  and hence of  t h e  v e r t i c a l  f l u x  

of  h e a t  due t o  convec t ive  o v e r t u r n i n g .  

111. TWO RECOMMENDED I N S T R U M E N T S  

A. The Evaporator  - Condensor 

1. The Evapora tor  

Consider an  evapora t ion  appa ra tus  i n  the  f o r m  of a v e r t i c a l  t ube ,  

p r o t r u d i n g  below t h e  probe; and suppose t h a t  h e a t i n g  elements  w i t h i n  

t h e  tube ,  c l o s e  t o  i t s  i n l e t ,  d i s s i p a t e  heat i n t o  t h e  gas  stream. The 

c o n c e n t r a t i o n s  of c loud  p a r t i c l e s  of a l l  s i z e s  w i l l  be sampled c o r r e c t l y  

on ly  i f  t h e  g a s  e n t e r s  t h e  i n l e t  i s o k i n e t i c a l l y ,  t h a t  i s ,  a t  a v e l o c i t y  

r e l a t i v e  t o  t h e  probe which e q u l s  i t s  f a l l  speed.  Th i s  can be achieved 

s imply by us ing  a v e n t u r i - t y p e  exhaus t  f o r  t h e  system and a r r ang ing  t h e  

i n t e r n a l  f low so t h a t  t h e  p r e s s u r e  drop  i s  p r o p o r t i o n a l  t o  t h e  squa re  of 

t h e  g a s  v e l o c i t y .  If t h e  gas  i s  hea ted  (S°K> above ambient tempera ture ,  

p a r t i c l e s  imnersed i n  it w i l l  beg in  t o  evapora t e .  Provided t h a t  S i s  

l a r g e  enough (e .g .  1O0K) , t h e  vapor p r e s s u r e  over t h e  p a r t i c l e s  may be 

t aken  as t h e  s a t u r a t i o n  vapor p r e s s u r e  over  a p l a n e  s u r f a c e  of t h e  same 

s p e c i e s ,  t h a t  i s ,  t h e  e f f e c t s  of c u r v a t u r e  and of a d i s s o l v e d  nuc leus  

which l i q u i d  p a r t i c l e s  may c o n t a i n  may be neg lec t ed .  Under t h e  s a m e  

c o n d i t i o n  ( S  l a r g e  enough) ,  t h e  i n c r e a s e  i n  t h e  mixing r a t i o  of t h e  vapor 

consequent  on t h e  evapora t ion  of t h e  p a r t i c l e s  may a l s o  be neg lec t ed .  
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Under t h e s e  c o n d i t i o n s ,  a s p h e r i c a l  p a r t i c l e  of order r = lom3 c m  
d r 2  evapora t e s  accord ing  t o  -- d t  

2 M LDe 
2 3  2 2  p ( R  T +M L D e )  

-2ES where E = 

k 

( M ,  t h e  molecular  weight  of condensing vapor;  p ,  t h e  d e n s i t y  of t h e  con- 

densed phase; L ,  i t s  l a t e n t  h e a t ;  D ,  t h e  d i f f u s i v i t y  of t h e  vapor;  e ,  

i t s  p a r t i a l  p r e s s u r e  a t  s a t u r a t i o n ;  R ,  t h e  u n i v e r s a l  gas c o n s t a n t ;  T ,  

t h e  a b s o l u t e  tempera ture ;  and k ,  t h e  c o n d u c t i v i t y  of t h e  car r ie r  g a s ) .  

For w a t e r  d rops  a t  270  I<, E 5 x 1 0  cgs .  0 -8 

Provided t h a t  t h e  upward speed of  t h e  g a s  f low,  V ,  i s  l a r g e  compared 
6 2  w i t h  t h e  t e r m i n a l  v e l o c i t y  of  t h e  d r o p l e t s ,  ( abou t  1 0  r c m  sec-l) , it 

fol lows t h a t ,  f o r  an i n d i v i d u a l  d r o p l e t  - - - 
c m  i n i t i a l l y ,  and i f  V = 1 0  c m  sec 

-2ES . Thus, i f  r i s  - 2 d r  
dz  V 

-1 , S = 1O0R, a d r o p l e t  of  w a t e r  w i l l  

have completely evapora ted  by t h e  t i m e  it has  been c a r r i e d  1 0  c m  up t h e  

tube.  

I f  a laser beam i s  ar ranged  t o  p a s s  down t h e  t u b e ,  and i f ,  a t  a 

number of  p o i n t s  a long  t h e  tube ,  t h e  l i g h t  s c a t t e r e d  sideways i s  sensed 

(over a s o l i d  ang le  of  o r d e r  1 s t e r a d i a n )  a r e d u c t i o n  i n  s i z e  of t h e  

p a r t i c l e s  as  they  move up t h e  tube  could  be observed.  Thus a d iscr im-  

i n a t i o n  could be maze between condens ib le  and non-condensible p a r t i c l e s .  

Because r2 varies  l i n e a r l y  wi th  t o r  z ,  t h e  l i f e  of a p a r t i c l e  

a f te r  it reaches  r = 1 p  i s  very  s h o r t  - f o r  a water drop ,  w i t h  S = LO K ,  

of o r d e r  sec. Thus cloud p a r t i c l e s  may be cons idered  t o  be 

a n n i h i l a t e d  a t  r = lp, t h a t  i s ,  be fo re  r each ing  t h e  Rayleigh s c a t t e r i n g  

r eg ion .  Above t h i s  s i z e ,  t h e  s c a t t e r i n g  from many p a r t i c l e s  of v a r i o u s  

s i z e s  over  a range of a n g l e s  may he roughly approximated by assuming a 

0 



c o n s t a n t  a n g l e - i n t e g r a t e d  cross s e c t i o n  KO f o r  each. 

s c a t t e r e d  l i g h t  received by a senso r  may t h e n  be w r i t t e n  f = TI KO C r  

The f l u x  o f  
2 

df  2 TI KO ESn where I i s  t h e  i n t e n s i t y  of t h e  i n c i d e n t  beam. Thus 5 = I 

where n i s  t h e  c o n c e n t r a t i o n  of p a r t i c l e s  which are s t i l l  l a r g e r  t han  
V 

r 11-1. I f  t h e  c louds  c o n s i s t e d  p a r t l y  of condens ib l e ,  and p a r t l y  of 

non-condensible p a r t i c l e s ,  f would be expected t o  decrease l i n e a r l y  

a long  t h e  evapora to r  t ube  u n t i l  some of t h e  condens ib le  p a r t i c l e s  had 

evapora ted ;  f i n a l l y ,  f would remain c o n s t a n t ,  when on ly  t h e  non-condensible 

p a r t i c l e s  were l e f t .  I f  t h e  condens ib le  s p e c i e s  i s  o the rwise  i n d e n t i f i e d ,  

f o r  example by t h e  m a s s  spec t romete r ,  the  v a l u e  of E can be c a l c u l a t e d ,  

and t h e  c o n c e n t r a t i o n  of condens ib le  p a r t i c l e s  t h e n  es t imated  from t h e  

df  v a l u e  of - dz 
I n  view of t h e  p o s s i b i l i t y  of ga in ing  u s e f u l  q u a n t i t a t i v e  d a t a  f r o m  

t h e  v a r i a t i o n  i n  t h e  l i g h t  s c a t t e r e d  from t h e  c loud  as it moves up t h e  

evapora t ion  tube ,  it i s  impor t an t  t o  des ign  t h e  h e a t e r  i n  such a way t h a t  

f e w  p a r t i c l e s  are removed f r o m  t h e  stream by impact ion.  One way t o  

achieve  t h i s  would be t o  p a s s  t h e  stream i n  laminar  flow through a group 

of s h o r t  p a r a l l e l  t ubes  forming a honeycomb. 

I n  t h e  g a s  s t ream l e a v i n g  t h e  evapora to r ,  t h e  p a r t i a l  p r e s s u r e  of 

t h e  condens ib le  vapor w i l l  exceed t h a t  i n  t h e  environment (which w i l l  be 

ve ry  c l o s e  t o  s a t u r a t i o n  a t  t h e  ambient tempera ture)  because of t h e  

a d d i t i o n a l  material ,  d e r i v e d  from t h e  cloud.  Th i s  i s  u s u a l l y  a s m a l l  

increment  i n  terrestr ia l  c louds ,  and an  estimate of it may be made as 

fol lows:  If t h e  s p e c i e s  has  been otherwise i d e n t i f i e d ,  t h e  v a l u e  of E 

is known, and hence n may be deduced from -. T h e  i n i t i a l  v a l u e s  of f df 
dz 
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y i e l d  an  estimate of  n 2 ', where r i s  a mean p a r t i c l e  r a d i u s ;  hence 

n r may be c a l c u l a t e d ,  g i v i n g  an estimate of t h e  m a s s  c o n c e n t r a t i o n  

o f  t h e  condensed material  and of t h e  increment  of p a r t i a l  p r e s s u r e  

r e s u l t i n g  from i t s  evapora t ion .  

- 

Design c o n s i d e r a t i o n s  f o r  t h e  evapora to r  would i n c l u d e  supply ing  

s u f f i c i e n t  h e a t  a t  t h e  ve ry  t i p  of t h e  e n t r y  tube  t o  avoid t h e  p o s s i b i l i t y  

of blockage by i c i n g ;  and p o s s i b l y  a p e r i o d i c  reverse- f low f l u s h  of hea ted  

gas from a b o t t l e  t o  f u r t h e r  ensu re  a g a i n s t  b locking .  

2 .  The Condensor 

I f  t h e  c louds  c o n t a i n  a n o n - v o l a t i l e  d u s t ,  t h e s e  p a r t i c l e s  w i l l  

s t i l l  be p r e s e n t  i n  t h e  g a s  stream emerging from t h e  evapora to r .  Even 

i f  t h e  c louds  c o n s i s t  e n t i r e l y  of  a condens ib l e  s p e c i e s ,  it i s  ve ry  

l i k e l y  t h a t  t h e  cloud p a r t i c l e s  w i l l  c o n t a i n  n o n - v o l a t i l e  "Aitken" 

p a r t i c l e s  which may have se rved  o r i g i n a l l y  t o  n u c l e a t e  t h e  c loud  par t ic le ,  

o r  may have been absorbed by it. I t  i s  d e s i r a b l e  t o  remove a l l  p a r t i c l e s  

from t h e  stream b e f o r e  it e n t e r s  t h e  condensor;  t h i s  i s  d e s i r a b l e  a l s o  

i n  r e l a t i o n  t o  t h e  m a s s  spec t romete r ,  which may d e r i v e  i t s  supply  from 

t h e  stream l e a v i n g  t h e  condensor,  i n  o r d e r  t o  avoid l e a k  blockage.  For  

t h e  s m a l l  f low rates be ing  cons idered ,  t h e  removal of e s s e n t i a l l y  a l l  

p a r t i c l e s  from t h e  gas  stream does n o t  pose a d i f f i c u l t  problem: a 

cho ice  could be made between an 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  and a f i l t e r  

system. The e lec t ros ta t ic  p r e c i p i t a t o r  would o f f e r  on ly  a t r i v i a l  

resistance t o  g a s  flow compared wi th  t h e  f i l t e r ,  b u t  i n t r o d u c e s  t h e  s l i g h t  

r i s k  t h a t  t h e  corona d i s c h a r g e  by means of which t h e  p a r t i c l e s  are charged 

may r e s u l t  i n  t h e  g e n e r a t i o n  of t r a c e s  of chemical  compounds which were 

n o t  p r e s e n t  i n  t h e  c loud .  
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Suppose t h a t  t h e  g a s  stream from t h e  evapora to r  (and p r e c i p i t a t o r )  

p a s s e s  i n t o  a tube  i n  which t h e  tempera ture  dec reases  more-or-less 

l i n e a r l y .  Condensation w i l l  t end  t o  occur  a t  and beyond t h e  p o i n t  where 

t h e  stream has  cooled t o  i t s  dew ( o r  f r o s t )  p o i n t .  The condensate  would 

have o p t i c a l  s c a t t e r i n g  p r o p e r t i e s  ve ry  d i f f e r e n t  from t h o s e  of  t h e  

s u b s t r a t e ,  e s p e c i a l l y  i n  near-grazing inc idence  l i g h t i n g .  The b a s i c  

problem i s  t o  ensu re  r e l i ab le  arid r ep roduc ib le  n u c l e a t i o n  of t h e  con- 

dens ing  d r o p l e t s  o r  c r y s t a l s .  I f  p a r t i c l e s  were pe rmi t t ed  t o  e n t e r  w i t h  

t h e  gas  stream, some would become depos i t ed  on t h e  cooled s u r f a c e ,  and 

could confuse t h e  experiment by n u c l e a t i n g  t h e  growth of t h e  condensed 

phase evefi a t  p o i n t s  where t h e  vapor was n o t  s a t u r a t e d .  Some prel im- 

i n a r y  experiments  have i n d i c a t e d  t h a t  e i t h e r  f r e s h l y  c leaned  m i c a  o r  

gold-p la ted  copper would p rov ide  a uniform and r e p r o d u c i b l e  s u b s t r a t e  

f o r  n u c l e a t i o n  i n  t h e  absence of  contaminat ing p a r t i c l e s .  

A photo s t r i p  s e n s o r  would be used t o  d e t e c t  t h e  p o i n t  a t  which 

condensate  appea r s ,  perhaps by us ing  g r a z i n g  i l l u m i n a t i o n .  A known 

g r a d i e n t  of tempera ture  having been e s t a b l i s h e d  a long  a f l a t  tube  ( s a y ,  

1 0  c m  long ,  1 c m  wide and 0 . 3  c m  d e e p ) ,  d e p o s i t i o n  of t h e  condens ib le  

s p e c i e s  would begin  when t h e  vapor became s a t u r a t e d .  Thus, t h e  tempera- 

t u r e  a t  which t h e  condens ib le  vapor i s  s a t u r a t e d  i s  known; i f  t h e  s p e c i e s  

i s  o the rwise  determined,  i t s  s a t u r a t i o n  vapor p r e s s u r e  a t  t h a t  t empera ture  

should  be i n  agreement w i t h  t h e  estimate of t h e  p a r t i a l  p r e s s u r e  of  t h e  

vapor i n  t h e  g a s  stream l e a v i n g  t h e  evapora to r .  O p t i c a l  s ens ing  would 

imply t h e  need f o r  a t r a n s p a r e n t  t o p  f o r  t h e  t u b e ,  which would have t o  

be k e p t  a few degrees  w a r m e r  t h a n  t h e  lower s u r f a c e  forming t h e  s u b s t r a t e  

14. 



f o r  condensa t ion  o r  sub l ima t ion .  

A p o s s i b l e  a n c i l l a r y  experiment of s o m e  importance would be con- 

duc ted  by c o o l i n g  t h e  t u b e ' t o  a tempera ture  l o w  enough t h a t  any 

p robab le  subs t ance  would f r e e z e .  The tube  would then  be s e a l e d  o f f  

and warmed. By means of o p t i c a l  sensors,  t h e  tempera ture  a t  which 

me l t ing  began could be observed provided t h a t  i t s  o p t i c a l  s c a t t e r i n g  

p r o p e r t i e s  d i f f e r e d  s u f f i c i e n t l y  from a dew o r  a l a y e r  of l i q u i d .  

I f  t h e  d e p t h  of t h e  gas  stream i n  t h e  condensor i s  y ,  t h e  " t i m e  

c o n s t a n t "  f o r  d i f f u s i o n  of h e a t  or of a vapor through t h e  l a y e r  i s  of 

o r d e r  y /IT D where D i s  t h e  r e l e v a n t  d i f f u s i v i t y .  I f  t h e  s t r e a m  v e l o c i t y  

i s  v,  t hen  vy / K  D should  be of t h e  same o r d e r  as E ,  t h e  r e s o l u t i o n  of 

2 2  

2 2  

t h e  o p t i c a l  d e t e c t o r s .  For h e a t ,  and f o r  many vapors ,  D =: 0 . 2  cgs  

and E may be expected t o  be  of o r d e r  0 . 1  c m .  

0 . 2  cgs  and f o r  example, y = 1 / 2  c m ,  v = 1 c m  sec . A s u i t a b l e  channel  

w id th  would be l a -  2 c m ,  so t h a t  t h e  g a s  stream should c a r r y  a f l u x  o f  

o r d e r  1 c m 3  sec . 

Hence vy2 should  be of ord.er 
-1 

-1 

A s  t h e  probe f a l l s ,  t h e  tempera ture  of t h e  in-f lowing sample 

i n c r e a s e s  a t  t h e  ra te  of 0.loI< sec-I. 

would be most simply des igned  i f  t hey  ope ra t ed  a t  c o n s t a n t  tempera tures .  

The evapora to r  might o p e r a t e  f i r s t  a t  3 0 0 ° K ,  t h e  condensor p rov id ing  a 

The evapora to r  and condensor 

g r a d i e n t  from 3 0 0 ° K  t o  200°K. 

it would be necessa ry  t o  change over  t o  a second t r a i n  i n  which t h e  

When t h e  probe approached t h e  3 0 0 ° K  l e v e l ,  

evapora to r  w a s  a t  400°K and t h e  condensor g r a d i e n t  from 400°K t o  3 0 0 ° K .  

A l t e r n a t i v e l y ,  t h e  evapora to r  could be a r ranged  t o  o p e r a t e  a t  a c o n s t a n t  

tempera ture  r ise ,  o f  t h e  o r d e r  of  some t e n s  of deg rees .  S ince  t h e  gas  

stream i s  n o t  l a r g e  enough t o  dominate t h e  tempera ture  of t h e  evapora to r  
I 
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t ube ,  it would be necessa ry  t o  supply h e a t  t o  t h e  tube  w a l l s  as w e l l  as 

t o  t h e  incoming gas  s t ream. The condensor could  s i m i l a r l y  be  programmed 

t o  provide  a 

below it ,  though t h i s  would be more d i f f i c u l t  t h a n  i n  t h e  case of t h e  

evapora to r ,  s i n c e  coo l ing  i s  involved.  A s  t h e  condensor r e q u i r e s  g a s  

flow of  t h e  o r d e r  of only  1 c m 3  sec-l ,  it may be more convenient  t o  

accep t  only a f r a c t i o n  of t h e  f low from t h e  evapora to r  f o r  p rocess ing  

i n  t h e  condensor. The remainder of t h e  flow might w e l l  be u t i l i z e d  f o r  

t h e  mel t ing  p o i n t  experiment  i n  a s e p a r a t e  chamber. 

g r a d i e n t  from t h e  v a r i a b l e  condensor tempera ture  t o  100°H 

B. A Simple O p t i c a l  Radar 

1. I n t r o d u c t i o n  

A G a A s  o p t i c a l  r a d a r  experiment i s  Sesc r ibed  which would p rov ide  

informat ion  on ve r t i ca l  ar,d h o r i z o n t a l  s t r a t i f i c a t i o n  and o p t i c a l  den- 

s i t y  of c louds .  The in s t rumen t  i s  designed t o  be  mounted on a l a r g e  

probe a s  d e s c r i b e d  by Ainsworth, 1 9 7 0  and Marcotte, 1 9 7 0 .  

Due t o  l i m i t a t i o n s  on weight ,  power and t r a n s m i t t e r  b i t  rate,  a 

r e l a t i v e l y  s imple  scheme should  be used.  The probe i s  expected t o  be 

sp inn ing  as it descends.  This  motion w i l l  p rov ide  t h e  h o r i z o n t a l  s can .  

V e r t i c a l  scanning  w i l l  be  t aken  care of  by t h e  v e r t i c a l  motion. The 

probe descends by pa rachu te  from an a l t i t u d e  of about  70 km above t h e  

s u r f a c e  of  t h e  p l a n e t  ( t h e  a l t i t u d e  of t h e  c loud  t o p s ) .  While on t h e  

pa rachu te  t h e  probe descends a t  ra tes  of 3.5 t o  15m/sec f o r  1 hour .  The 

probe i s  t o  be j e t i s o n e d  a t  about  50 km a l t i t u d e  a f t e r  which it w i l l  f a l l  

a t  rates of 15  t o  80  m/sec. T o t a l  d e s c e n t  t i m e  i s  1 . 5  hours .  

One example of a two-mode nephelometer - l i d a r  which w i l l  m e e t  t h e  

space ,  weight ,  and volume requirements  i s  d i scussed  below. About 1 8 0 0  
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measurements (1 measurement every 2 sec.) could be taken  of b a c k s c a t t e r .  

One mode of o p e r a t i o n  (nephelometer mode) c o n s i s t s  of measuring t h e  

average t o t a l  b a c k s c a t t e r  from near  t h e  probe t o  t h e  maximum range  of 

t h e  l i d a r  averaged over 8 sec. ( t w o  r e v o l u t i o n s  f o r  a s p i n  r a t e  of 15 

rpm). The o t h e r  mode would be a l i d a r  mode i n  which a s m a l l  f i e l d  of 

view s e c t o r  ( 9  ) would be exan?inec! ove r  a 0 . 1  sec. i n t e r v a l .  Three 

range cel ls  could  be p i cked ,  f o r  example 0 . 1  t o  0 . 5  km, 0 . 5  t o  1 . 0  km 

and 1 . 0  t o  5 km. The s i g n a l s  from each range c e l l  c o n s t i t u t e  s e p a r a t e  

measurements r e s u l t i n g  i n  4 t o t a l  measurements i n  each se t .  The sequence 

would be t o  average  t h e  nephelometer s i g n a l  f o r  7 . 9  sec and then  t a k e  

one l i d a r  look f o r  0 . 1  sec. The 4 measurements would then  be processed  

and s e n t  back t o  Ea.rkh a t  t h e  r a t e  of  1 se t  every  8 seconds corresponding 

t o  a v e r t i c a l  d e s c e n t  of 2 4  t o  1 2 0  m.  A s i m p l i f i e d  block diagram of t h e  

in s t rumen t  i s  shown i n  F ig .  1. The s m a l l  weight  and volume are made 

p o s s i b l e  by t h e  u s e  of  m i c r o c i r c u i t r y .  

0 

The two-mode o p e r a t i o n  a l lows  t h e  de t e rmina t ion  of both  h o r i z o n t a l  

and v e r t i c a l  l a y e r i n g  of t h e  cloud s t r u c t u r e .  A h i g h e r  d a t a  rate would 

be d e s i r a b l e ;  however 1 s e t  of measurements every 8 sec. should  be 

s u f f i c i e n t  t o  p rov ide  some worthwhile i n fo rma t ion  on cloud s t r u c t u r e .  

Add i t iona l  range ce l l s  could  be used b u t  a t  t h e  expense of d a t a  ra te .  

2. L ida r  System D e s c r i p t i o n  

(a)  T r a n s m i t t e r  - A pu l sed  GaAs l aser  a r r a y  w i l l  be used as t h e  

t r a n s m i t t e r .  Arrays are  a v a i l a b l e  which e m i t  up t o  2 0 0 0  w a t t s  pk a t  

5000 Hz p u l s e  r a t e .  An a r r a y  e m i t t i n g  1 0 0  watts pk a t  1 0 0 0  Hz and 

200ns p u l s e  width should be adequate  t o  accomplish t h e  d e s i r e d  task. 

An o p t i c a l  system w i l l  be used i n  f r o n t  of t h e  a r r a y  t o  r e s u c e  t h e  

beam divergence  ang le .  A f i e l d  as s m a l l  as 3O x 3O has r e c e n t l y  been 
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obta ined  from a 30 W average power GaAs a r r a y  (Eros ,  1 9 7 1 ) .  

A go x go beam i s  adequate  f o r  t h e  r e s o l u t i o n  element  d e s i r e d .  I n  

o r d e r  t o  avoid abso rp t ion  from a water  vapor abso rp t ion  band centered 

a t  0.94~1, t h e  G a A s  a r r a y  c a n  be tuned t o  s h o r t e r  wavelengths by lowering 

i t s  temperature.  A l t e r n a t i v e l y  doped GaAsP l a s e r s  e m i t t i n g  a t  s h o r t e r  

wavelengths may be used a t  room temperature .  

(b )  Receiver  - The r e c e i v e r  w i l l  use a c o l l e c t i n g  l e n s  of 5 c m  

diameter .  A s i l i c o n e  ava lanchedetec tor  w i l l  be used w i t h  an NEP of 

about  5 x 1 0  -I3 W Hz 

l o g i c  c i r c u i t s  w i l l  be used. One i n t e g r a t o r  can be shared  f o r  a l l  three 

Simple m i c r o c i r c u i t  analog i n t e g r a t i n g  and 

range cells for  t h e  l i d a r  mode of ope ra t ion  thus  e l i m i n a t i n g  some com- 

ponents.  An i n t e g r a t i o n  t i m e  of 0 . 1  s e c .  i s  compatible  wi th  t h e  angular  

f i e ld !  of t h e  t r a n s m i t t e r  and desired s p a t i a l  r e s o l u t i o n .  

An estkmate of t he  number of backsca t t e red  photons received. i n  t h e  

l i d a r  mode can be made f r o m  t h e  fol lowing equat ion:  
-2az - NTf TopLAe 

NR - 

where NT = number of photons t r a n s m i t t e d  i n  a s i n g l e  p u l s e ,  f i s  t h e  

r e p e t i t i o n  r a t e ,  T i s  the  i n t e g r a t i o n  t i m e ,  0 i s  the  s c a t t e r i n g  crcIss 

s e c t i o n  pe r  p a r t i c l e ,  p i s  t h e  p a r t i c l e  nu.nzber d e n s i t y ,  L i s  t h e  l e n g t h  

of t h e  s p a t i a l  r e s o l u t i o n  e l emen t ,  A i s  t h e  r e c e i v e r  c o l l e c t o r  axea,  a 

i s  t h e  a t t e n u a t i o n  c o e f f i c i e n t  (assumed cons t an t  along t h e  p a t h ) ,  and Z 

i s  the  d i s t a n c e  f r o n ' t h e  t r a n s m i t t e r  t c  t h e  r e s o l u t i o r ,  element.  The 

ncri:se count  f o r  a ga t ed  r e c e i v e r  l i m i t e d  by d e t e c t o r  no i se  i s  g iven  by 

where A f  i s  t h e  e f f e c t . i v e  e l e c t x i c a l  bandwidth, h y  i s  t h e  energy p e r  



photon, IE i s  t h e  number of g a t e s  apd A t  i s  t h e  g a t e  width.  W e  assume 

t h e  t r ansmiss ion  i s  reduced by a f a c t o r  e i n  one km and a r b i t r a r i l y  p i c k  

an average p a r t i c l e  s i z e  of about  ll~. r a d i u s  o r  a s c a t t e r i n g  parameter  

2?ra/X = 6 . 0 .  Then p can be  c a l c u l a t e d  from a = p K R a 2  where K i s  t h e  

t o t a l  s c a t t e r i n g  f u n c t i o n  (Middieton, 1 9 5 8 )  and i s  about  3 .8  f o r  t h i s  
8 -3 s i t u a t i o n .  Then p i s  8 . 4  x 1 0  m . The s c a t t e r i n g  c o e f f i c i e n t  0 

(Middleton) i s  7 x 1 0  -13 m 2 / s t e r  f o r  s c a t t e r i n g  a t  180°. Using t h e  

fo l lowing  va lues :  
3 f = 1 0  pps 

T = 0 . 1  sec. 

a = 7 x 1 0  -I3 m2/ster 

p = 8 . 4  x l o 8  m-3 

L = 400m 

A = 1 . 9 7  x 1 0  

a = l O  m 

-3 m2 

- 3  -1 

2 = lOOOXr1 

x 200x10-' SCC. = 9 . 0 5 ~ 1 0 ~ ~  photons 1 

t h e  number of receLved photons a t  t h e  d e t e c t o r  i s  4 . 2 ~ 1 0 ~  photons and 

assuming an NEP of ~ X ~ O - ~ ~ W / H Z  'I2 and 1 0 0  g a t e s  2 0 0  n s  wide t h e  n o i s e  

count  from d e t e c t o r  dark  c u r r e n t  i s  on ly  4 . 2  x 1 0  photons.  The re fo re ,  

NT= 1 0 0  ( W )  X hv(J) 

2 

s i g n a l s  r ece ived  by an  in s t rumen t  on a n i g h t  t i m e  probe would n o t  be  

l i m i t e d  by dark  c u r r e n t  s h o t  no i se .  Sho t  n o i s e  due t o  b r i g h t l y  i l l u -  

minated c louds  i s  of m o r e  concern f o r  a daytime probe.  The w o r s t  

p o s s i b l e  case would be w i t h  t h e  r e c e i v e r  looking  a t  t h e  c loud  tops  

d i f f u s e l y  r e f l e c t i n g  d i r e c t  s o l a r  r a d i a t i o n .  An est imate  of  t h e  o p t i c a l  

power i n  a 1 0 0  2 bandwidth reaching  t h e  d e t e c t o r  i n  t h i s  s i t u a t i o n ,  assuming 
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an incoming f l u x  of 7.9 x l o 3  Wm-2 1-1-l and an albedo of 0 .85 ,  i s  8 x 

10d4W o r  2 x 1 0 l 2  photons i n  0 . 1  sec. 

N~~ 

T h e  S / N  r a t i o  de f ined  by MR/ 

'I2 i s  s t i l l  >1; however, t h e r e  i s  some danger  of non- l inear  o p e r a t i o n  

of  t h e  detector a t  t h i s  p o i n t .  A s  t h e  probe f a l l s  i n t o  t h e  c louds  how- 

e v e r ,  t h e  background r a d i a t i o n  should decrease r a p i d l y .  T h e  t echnique  

should  g i v e  dependable s i g n a l s  w e l l  below t h e  c loud  t o p s  f o r  a daytime 

probe,  however, more d a t a  would be ob ta ined  f o r  a probe e n t e r i n g  a t  

n i g h t .  

An estimate of t h e  e lec t r ica l  power r e q u i r e d  i s  less t h a n  2W and 
3 volume of 1 0 0  t o  1 5 0  i n .  . T h e  l aser  power can be  p e r i o d i c a l l y  checked 

w i t h  an  a u x i l l i a r y  c i r c u i t  u s ing  t h e  probe programmer i f  s u f f i c i e n t  

programmer c i r c u i t s  are  a v a i l a b l e .  

IV. CONCLUSION 

The fo l lowing  in s t rumen t s  are recommended f o r  f u r t h e r  c o n s i d e r a t i o n  

f o r  t h e  cloud l a y e r s  of Venus: 

(a) A simple o p t i c a l  r a d a r  t o  sample t h e  b a c k s c a t t e r i n g  p r o p e r t i e s  

of t h e  c louds  up t o  a f e w  k i lome te r s  from t h e  probe. T h i s  device would 

y i e l d  more r e p r e s e n t a t i v e  da ta  on cloud o p t i c a l  d e n s i t y  than  a nephelo- 

meter; it would detect  h o r i z o n t a l  v a r i a b i l i t y  i n  t h e  c louds ,  which relates 

t o  t h e i r  dynamics and c o n s t i t u t i o n ;  and it could be used t o  s tudy  t h e  

n a t u r e  of t h e  upper and lower s u r f a c e s  of the  cloud l a y e r .  Es t imated  

weight ,  4 l b ;  volume, 1 5 0  i n  ; power r equ i r emen t s ,  2 w a t t s .  Practical fa r  

t h e  f i r s t  miss ion .  

3 

(b) An evapora to r  which would i n d i c a t e  whether t h e  c loud  p a r t i c l e s  

are v o l a t i l e  i n  whole o r  i n  p a r t .  Provided t h a t  t h e  chemical n a t u r e  of 
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t h e  condensing mater ia l  i s  known ( f o r  example, f r o m  t h e  m a s s  s p e c t r o -  

m e t e r ) ,  t h e  evapora to r  would y i e l d  rough estimates of t h e  number and 

m a s s  c o n c e n t r a t i o n s  of t h e  v o l a t i l e  c loud  p a r t i c l e s .  Es t imated  weight ,  

2 l b ;  volume, 40  i n  ; power requi rement ,  5 w a t t s .  P r a c t i c a l  f o r  t h e  

f irst  miss ion .  

3 

(c) A group of in s t rumen t s  i n d i c a t i n g  whether i c i n g  i s  occur r ing  - 

a v i b r a t i n g  r e e d  i c i n g  s e n s o r ,  and a suspended microphone t o  measure t h e  

v e l o c i t y  of sound which can  be used t o  g i v e  t h e  t r u e  tempera ture  even 

i n  t h e  p re sence  of i c i n g .  The same group of i n s t rumen t s  would de te rmine  

t h e  v e l o c i t y  of t h e  probe r e l a t i v e  t o  t h e  a i r ;  w i t h  t h e  a d d i t i o n  of a 

l e a k i n g  ane ro id  t o  measure ( d p / d t ) ,  t h e  same group of in s t rumen t s  would 

de te rmine  t h e  v e r t i c a l  v e l o c i t y  of a i r  motions and hence g i v e  an  i n d i c a -  

t i o n  of t h e  v i g o r  of convec t ion .  

power requi rement ,  3 w a t t s .  P rac t ica l  f o r  t h e  f i r s t  miss ion .  

Est imated weight  3 l b ;  volume 20  i n3 ;  

(d) A condensor which would a c c e p t  t h e  o u t p u t  from t h e  evapora to r  

and would measure t h e  dew-point (or  f r o s t  p o i n t )  of condensing vapor s ,  

and could s e r v e  as a c o l d  t r a p  i n  t h e  g a s  stream from which t h e  m a s s  

spec t rometer  i s  s u p p l i e d .  A de t e rmina t ion  of t h e  mel t ing  p o i n t  of  

t h e  condensed mater ia l  would be p o s s i b l e .  Est imated weight ,  3 l b ;  

volume, 80 i n 3 ,  power requi rement ,  1 0  w a t t s .  

miss ion .  

S p e c u l a t i v e  f o r  t h e  f i r s t  
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