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ABSTRACT 

The two P r o j e c t  H i  gh Water exper f rnents  have p r i d u c e d  
o p t i c a l ,  ELF, r a d i o f r e q u e n c y ,  and r a d a r  d a t a  e s s e n t i a l  t o  
u n d e r s t a n d i n g  t h e  e f f e c t s  o f  d a t a  r e l e a s e s  o f  l a r g e  quan- 
t i t i e s  of  w a t e r  i n  t h e  ionosphere.  E x t e n s i v e  c r o s s  c o r r e -  
l a t i o n s  w e r e  f o u n d  between the  v a r i o u s  f r e q u e n c i e s  o f  
a c q u i r e d  e l e c t r o m a g n e t i c  data.  These d a t a  have been a n a l v z e d  
and a p h y s i c a l  model o f  t h e  expans ion  p r o c e s s  has  been d e v e l -  
oped. R e s u l t s  o f  t h e  analyses demons t ra te  t h a t :  

( 1 )  E x t r e m e l y  low t e m p e r a t u r e s  w i l l  be g e n e r a t e d  
by t h e  evapora  t i on-conden s a t  i on- su b I f mat i on 
p rocesses .  These t e m p e r a t u r e s  w i  I I depend 
upon t h e  type ,  and q u a n t i t y  o f  l i q u i d  r e l e a s e d ,  
and upon t h e  ambient  c o n d i t i o n s  i n t o  wh ich  t h e  
r e l e a s e  i s  made, 

( 2 )  The maximum v e l o c i t y  o f  t h e  expand ing  i c e - w a t e r  
c l o u d  a p p r o x i m a t e d  1.83 km/sec. However, a 
p e r t u r b a t i o n  wave a s s o c i a t e d  w i t h  t h e  I i q u i d  
r e l e a s e  possessed a v e l o c i t y  as  h i g h  as  
3.60 km/sec., 

sudden r e l e a s e  o f  l i q u i d s  i n t o  space, 
(3)  Consf d e r a b l  e t u r b u l e n c e  i s a s s o c i a t e d  w i  th  t h e  

(4 )  T e l e m e t r y  a t t e n u a t i o n s  can r e s u l t  f r o m  inhomo- 

( 5 )  C o n s i d e r a b l e  doubt  was r a i s e d  c o n c e r n i n g  t h e  

geneous r e g i o n s  w i t h i n  t h e  i onosphere ,  

p o s s i b l e  e x i s t e n c e  o f  i c e  i n  space. 

The a t t e n u a t i o n  e f f e c t s  were f o u n d  t o  be b o t h  f requency  and 
d i r e c t i o n a l  l y  s e n s i t i v e .  Thus, e l e c t r o m a g n e t i c  o b s e r v a t i o n s  
p r o v i d e  a t e c h n i q u e  f o r  i n v e s t i g a t i n g  Inhomogeneous r e g i o n s  
i n  t h e  i onosphere .  
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1 .O I nt r o d u c t  i on 

I n  two o f  t h e  e a r l y  t e s t  f l i g h t s  o f  S a t u r n  l a u n c h  

v e h i c l e s ,  w a t e r  was used f o r  b a l l a s t  i n  t h e  upper  s t a g e s  

t o  s t m u l a t e  expec ted  f u t u r e  pay loads .  The second and 

t h i r d  s t a g e s  i n c l u d e d  one t a n k  each c o n t a i n i n g  44,000 

and 42,000 k g  of water ,  r e s p e c t i v e l y .  The t a n k s  w e r e  

des igned  t o  s i m u l a t e  boost  phase f l i g h t  c h a r a c t e r i s t i c s  

e x p e c t e d  i n  f u t u r e  m i s s i o n s .  I n  t h e  SA-2 f l i g h t ,  t h e  

second s t a g e  t a n k  was s p l i t  l o n g i t u d i n a l l y  a t  an a l t i t u d e  

o f  105.3 km. The t h i r d  s t a g e  had a s e r i e s  o f  p o r t s  one 

f o o t  i n  d i a m e t e r  opened up by p r i m a c o r d  d i s c h a r g e  ( R e f .  1 ) .  

( T h i s  d i f f e r e d  f r o m  t h e  SA-3  f l i g h t ,  i n  w h i c h  b o t h  upper  

s t a g e s  w e r e  s p l i t  l o n g i t u d i n a l l y  a t  an  a l t i t u d e  o f  165 km). 

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

w i t h  a H i g h  VVater exper iment .  (Ref .  2,3,4). These o b j e c -  

t i  ves were: 

A .  I n v e s t i g a t e  t h e  e f f e c t  o f  a l a r g e  p e r t u r b a t i o n  

i n  the  ionosphere .  

B. I n v e s t i g a t e  n o c t i  l u c e n t  c l o u d  e f f e c t s .  

C. I n v e s t i g a t e  the  b e h a v i o r  o f  i c e  i n  space. 

0. I n v e s t  i g a t  e i onospher i  c w i  nd (He f  . 5) . 
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1.0 I n t r o d u c t i o n  ( c o n t ' d )  

The SA-2 f l i g h t  occurred on Apr i  I 25, 1962, f r o m  

Cape C a n a v e r a l ,  F l o r i d a .  A map of t h e  r e l a t i v e  l o c a t i o n s  

o f  t h e  launch ing  s i t e  and o b s e r v a t i o n  s t a t i o n s  i s  shown 

i n  F i g u r e  1 . 1 .  

o f  105.3 km and a ground range  of a p p r o x i m a t e l y  80 km 

( R e f .  1 ) .  

N a t e r  r e l e a s e  was executed a t  an a l t i t u d e  

2 





2.0 R e s u l t s  of P r o i e c t  H i q h  d a t e r  

IP 
P r o j e c t  H i g h  ( d a t e r  has p r o v e n  t o  be one of t h e  most 

o u t  s t a n d i  ny  e x p e r i m e n t s  y e t  per fo rmed f o r  o b t a i  n i  ng d i  r e c t  

d a t a  o n  some o f  t h e  v e r y  i m p o r t a n t  p h y s i c a l  a s p e c t s  o f  t h e  

i o n o s p h e r e  and deeper  space. T h i s  p r o j e c t  has y i e l d e d  t h e  

f i r s t  q u a n t i t a t i v e  d a t a  on t h e  e f f e c t s  of r e l e a s i n g  l a r g e  

q u a n t i t i e s  o f  l i q u i d s  i n t o  t h e  i onosphere ,  an e v e n t  t h a t  

c o u l d  be caused by r u p t u r e  o f  any l i q u i d - c a r r y i n g  space 

v e h i c l e .  I n  a d d i t i o n  t o  t h i s  p r i m a r y  o b j e c t i v e  o f  t h e  

p r o j e c t ,  d a t a  o b t a i n e d  f r o m  t h e  H i g h  d a t e r  e x p e r i m e n t s  a r e  

a p p l i c a b l e  t o  a number of  o t h e r  i m p o r t a n t  a r e a s  i n  t h e  

development  of  space r e s e a r c h  and  e x p l o r a t i o n .  Some o f  

the  p r i n c i p a l  c o n t r i b u t i o n s  o f  P r o j e c t  H i g h  d a t e r  t o  space 

s c i e n c e  a r e :  

1 .  G e n e r a t i o n  o f  a model of t h e  p h y s i c a l  p r o c e s s e s  

t h a t  o c c u r  when l a r g e  q u a n t i t i e s  o f  l i q u i d  a r e  

r e l e a s e d  i n  t h e  near-vacuum o f  t h e  i o n o s p h e r e  o r  

deeper  space, 

2. I n s i g h t  i n t o  t h e  p h y s i c a l  n a t u r e  o f  n o c t i l u c e n t  

c louds ,  

3. Suppor t  of s e r i o u s  d o u b t s  t o  t h e  t h e o r y  o f  the 

e x i s t e n c e  o f  w a t e r  on  the  moon, 

4. P r o v i s i o n  of d a t a  r a i s i n g  a number o f  s e r i o u s  

q u e s t i o n s  c o n c e r n i n g  t h e  " i c e  t h e o r y "  o f  comets, 

4 
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2.0 8 e s u l t s  of  P r o j e c t  i l i q h  Yiater ( c o n t ' d )  

5. 3 y n t h e t  i c p r o d u c t i  on  o f  a n  i nhomogeneous r e g i o n  

i n t h e  ionosphere ,  p r o v i d i n g  i n f o r m a t i o n ,  and 

p o s s i b l e  e x p l a n a t i o n s  o f  observed:  

( a )  t e l e m e t r y  a t t e n u a t i o n ,  and 

( b )  e f f e c t s  of  i o n o s p h e r i c  p e r t u r b a t i o n s ,  and 

6. P r o v i s i o n  o f  ev idence  of  a p p l i c a b i l i t y  o f  ELF 

s p e c t r a  I o b s e r v a t  i ons f o r  t h e  i n v e s t  i gat  i on  and 

i d e n t i f i c a t i o n  o f  i n h o m o g e n e i t i e s  i n  t h e  

i onosphere .  

The s c i e n t i f i c  impor tance  and e n g i n e e r i n g  v a l u e  o f  t h e  

d a t a  t h a t  can be o b t a i n e d  f r o m  f u l l y  i n s t r u m e n t e d  P r o j e c t  

rli a_h d a t e r  t y p e  exper imen ts  should n o t  be u n d e r e s t i m a t e d .  

5 



3.0 O p t  i ca I Observa t  i ons 

D u r i n g  t h e  H i g h  N a t e r  o p e r a t i o n  o p t i c a l  o b s e r v a t i o n s  

w e r e  a t t e m p t e d  by: 

( a )  D i r e c t  o b s e r v a t i o n  

( b )  B.C. 4 cameras 

( c )  

( d )  Opt i ca I s p e c t r o m e t e r  

( e )  Rad iomete rs  

Mot i on-p i  c t u r e  camera 

Many o f  t h e  i n s t r u m e n t s  o b t a i n e d  no d a t a  o r  o n l y  

p a r t i a l  da ta .  However, some o f  the  m o t i o n  p i c t u r e  cameras 

o b t a i  ned e x c e l  I ent d a t a  o f  t h e  expandi  ng i ce-water  c loud.  

The d a t a  g a t h e r e d  w i t h  t h e  o p t i c a l  s p e c t r o m e t e r s  o r  r a d i o -  

m e t e r s  has n o t  been made a v a i l a b l e .  

3.1 I n s t r u m e n t a t i o n  

O p t i c a l  o b s e r v a t i o n s  o f  t h e  " H i g h  d a t e r "  e x p e r i m e n t s  

w e r e  o b t a i n e d  b o t h  f rom t h e  s u r f a c e  o f  the  e a r t h  and f r o m  

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

N a t u r a l  c l o u d  cove r  b l a n k e d  o b s e r v a t i o n s  f r o m  some l o c a t i o n s ,  

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

some a i r b o r n e  i n s t r u m e n t s .  T h e  b e s t  o p t i c a l  d a t a  was ob- 

t a i n e d  w i t h  t h e  70 mm, 1 @  i n c h  f o c a l  l e n g t h  camera o p e r a t e d  

f r o m  f a l s e  Cape. A s e r i e s  of f r ames  o f  t h e  p i c t u r e s  o f  t h e  

expand ing  i c e - w a t e r  c l o u d  o b t a i n e d  w i t h  the  F a l s e  Cape 70 mm 

camera i s  shown l a t e r  on i n  t h i s  s e c t i o n .  A comple te  l i s t  

of o e t i c a l  i n s t r u m e n t a t i o n  and t h e  mode o f  o p e r a t i o n  o f  t h e  

6 



3.1 1 n s t r u m e n t a t f o n  ( c o n t  ' d )  

H i g h  d a t e r  I exper imen t  (SA-2) i s  shown i n  Append ix  8. 

Geographi  ca I I o c a t  ions f o r  t h e  p r i  n c i  pa I ground based 

camera s i t e s  a r e  shown i n  T a b l e  3.1. The c o o r d i n a t e s  

shown i n  T a b l e  3.1 and t h e  c o o r d i n a t e s  o f  t h e  w a t e r  

r e l e a s e  ( L a t .  28.39413O, Long. 79,74769' and a l t i t u d e  

105.265 km) r e s u l t e d  i n  t h e  c o o r d i n a t e  sys tem f o r  

d e t e r m i n i n g  t h e  v e l o c i t y  o f  expans ion  of  t h e  i c e - w a t e r  

c l o u d .  

T a b l e  3.1 S t a t i o n  C o o r d i n a t e s  

S t a t i o n  I t e m  No. 

F a l s e  Cape 1 .2 -64~ 

U242LgO( Cape Kennedy) 1.2-71u 

Wi I I iams P o i n t  I . 2 - 6 5 ~  

P a t r i c k  1.2-67~ 

Me1 bourne  Beach 1.2-68~ 

V e r o  Beach 1.2-69~ 

Grand Bahama I s l a n d  
'Nest End 

Pe I i can Po i  n t  

G o l d  Rock Creek 

3.2 V i s u a l  O b s e r v a t i o n s  

L a t i  t u d e  L o n q i  t u d e  

Des Min See Oeq  Min Sec -- 
28 35 6.4 80 34 43 

28 31 28.3 80 34 35 

28 26 58 80 45 45 

23 13 36 80 35 59 

28 02 57 80 32 55 

27 40 37 80 21 48 

26 39 15 78 55 59 

26 38 33 78 06 40 

26 36 14 78 22 19 

E l e v a t i o n  

F e e t  

41 

- 

57 

38 

39 

12 

5.6 

22.3 

25 

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

b e h a v i o r  o f  t h e  w a t e r  r e l e a s e  was o b t a i n e d  by lvlr. James 

'N. C a r t e r  o f  t h e  Iv:arshaII Space F l i g h t  C e n t e r .  M r .  C a r t e r  

7 



3.2 V i s u a l  O b s e r v a t i o n s  ( c o n t ' d )  

was an o b s e r v e r  on  an A i r  f o r c e  j e t .  I n  a t a p e  r e c o r d i n g  

made a t  t h e  t i m e  o f  t h e  w a t e r  r e l e a s e  he s t a t e d  t h a t  t h e  

a i r c r a f t  was a t  f l i g h t  l e v e l  427, about  I50 m i l e s  due 

s o u t h  o f  Cape Kennedy, w i t h  an a i r  speed o f  225 k n o t s  

( R e f .  7 ) .  The f o l l o w i n g  d e s c r i p t i o n  i s  q u o t e d  f r o m  kr. 

C a r t e r ' s  commentary a t  t h e  t i m e  o f  t h e  w a t e r  r e l e a s e .  

"There  goes t h e  e x p l o s i o n .  Very  s l i g h t  vapor  
c l o u d  expand ing  q u i t e  r a p i d l y  go ing  t o  abou t  
t w i c e  t h e  s i z e  o f  t h e  moon. There i s  a v e r y  
smal I d o t  abou t  t h e  s i z e  o f  a f l a t  p i n  head 
and i t  i s  now i n  t h e  p r o c e s s  of d i s s i p a t i n g .  
Vapor c l o u d  d i s s i p a t e d  v e r y  r a p i d l y  i n  abou t  
10 seconds and i s  c o m p l e t e l y  d i s s i p a t e d  a t  
t h i s  t i m e .  T h e r e  i s  s t i l l  l e f t  a t  t h e  e x p l o -  
s i o n  s i t e  a v e r y  smal I p i n  head p o i n t  o f  
wh i teness .  T h e r e ' s  no r e f  I e c t  ion ,  no f l uo -  
rescence.  11 

S e v e r a l  m i n u t e s  l a t e r ,  upon r e f l e c t i n g  what he had seen, 

C a r t  e r r e c o r d e d  : 

"However, t h e r e ' s  one summari z i n g  comment (now) 
t h a t  1 have had a l i t t l e  chance t o  t h i n k  abou t  
i t  - compar ing t h e  s i z e  o f  t h e  vapor  c l o u d  t o  
t h e  moon. I o r i g i n a l l y  t h o u g h t ,  j u s t  f r o m  
making a rough  e s t i m a t e  o r  i n s t a n t a n e o u s l y  
v i e w i n g  i t ,  t h a t  t h e  vapor  c l o u d  expanded ( t o )  
abou t  two and a h a l f  t i m e s  t h e  d i a m e t e r  o f  t h e  
moon as  I can p r e s e n t l y  see i t .  However, o n  
g i v i n g  t h i s  a l i t t l e  more t h o u g h t  i t  appears  a s  
i f  t h e  c o u l d  a c t u a l l y  expanded t o  abou t  a d i a m e t e r  
o f  between 4 and 5 i n c h e s  on t h e  canopy windshie ld  
o f  t h e  c o c k p i t  wh ich  means i t  expanded t o  abou t  
20 t i m e s  t h e  d i a m e t e r  o f  t h e  moon and i t  appeared 
t o  be q u i t e  c i r c u l a r  i n  a l l  r e s p e c t s .  I t  was 
n o t  e n l o n g a t e d  o r  e l l i p t i c a l  o r  a n y t h i n g  o f  t h i s  
n a t u r e .  I t  appeared t o  be q u i t e  c i r c u l a r  f r o m  
e v e r y t h i n a  I c o u l d  see o f  i t .  I I  

8 



3.2 V i s u a l  O b s e r v a t i o n s  ( c o n t ' d )  

V i s u a l  o b s e r v a t i o n s  w e r e  a l s o  r e c o r d e d  f r o m  2 . 6 . 1 .  

(Ref .  8). F i v e  o f  t h e  G.B.1. s t a t i o n  s t a f f  obse rved  

t h e  w a t e r  r e l e a s e  and t h e  r e s u l t i n g  i c e - w a t e r  c loud .  

Independent  w r i t t e n  s ta temen ts  o b t a i n e d  f r o m  each sub- 

s t a n t i a l  l y  agreed  on  the  f o l l o w i n g :  

( a )  T i m e  a f  f i r s t  v i s u a l  o b s e r v a t i o n s :  T+164 A 1 sec. 

( b )  D u r a t i o n :  3 - 20 seconds ( e x t r e m e  e s t i m a t e s )  

( c )  C o l o r :  w h i t  e 

5 seconds ( p r o b a b l e  v a l u e )  

( d )  B r i g h t n e s s :  b r i g h t n e s s  was i n i t i a l l y  comparab le  
w i t h  b r i g h t  cumulus c louds ,  d e c r e a s i n g  
as t h e  c l o u d  d i a m e t e r  i n c r e a s e d ;  
perhaps a s m a l l  d a r k  c e n t e r  

( e )  Shape: c i r c u l a r  

( f )  Growth:  v e r y  r a p i d  

( 9 )  S i z e :  2O t o  7' 

( h )  M o t i o n :  perhaps some m o t i o n  a l o n g  m i s s i l e  
t r a j e c t o r y  

These r e p o r t e d  v i s u a l  o b s e r v a t i o n s  a r e  i n  a c c o r d  w i t h  

t h o s e  o b t a i n e d  i n  l a b o r a t o r y  e x p e r i m e n t s  p r i o r  t o  t h e  H i g h  

N a t e r  O p e r a t i o n  (Hef. 6 , g ) .  dhen s m a l l  q u a n t i t i e s  o f  w a t e r  

w e r e  sudden ly  r e l e a s e d  i n  a space env i ronmen t  chanber  a t  

p r e s s u r e s  of I 0 4 m m  Hg t h e  v i s u a l  o b s e r v a t i o n s  w e r e  o n l y  

momentary. However, these o b s e r v a t i o n s  showed  an e x t r e m e l y  

r a p i d  s p h e r i c a l  c l o u d  expans ion .  

3.3 P h o t o s r a p h i  c Anal  y s i  s 

A n a l y s i s  of t h e  pho tog raphs  o b t a i n e d  f r o m  t h r e e  d i f f e r e n t  

l o c a t i o n s  shows t h e  t i m e  development o f  t h e  s t r u c t u r e  o f  



3.3 P h o t o q r a p h i c  A n a l y s i s  ( C o n t ' d )  

t h e  i c e - w a t e r  c loud.  The l o c a t i o n s  o f  t h e  s t a t i o n s  used  

f o r  t h i s  s t u d y  o f  t h e  c l o u d  development ,  r e l a t i v e  t o  t he  

p o i n t  o f  w a t e r  r e l e a s e ,  a r e  shown i n  F i g u r e  3.1. The"y"  

d i r e c t i o n  i s  a l o n g  t h e  t r a j e c t o r y  o f  t h e  v e h i c l e  ( R e f .  5) .  

f i g u r e  3.1 shows t h a t  the p l a n e s  o f  t h e  o b s e r v a t i o n s  

a r e  n e a r l y  p e r p e n d i c u l a r  t o  each o t h e r  f o r  t h e  F a l s e  Cape 

and Melbourne Beach f i l m s .  The Vero Beach f i l m  shows a 

s l i g h t l y  more head-on v iew o f  t he  c l o u d .  

As p r e v i o u s l y  ment ioned,  t h e  bes t  pho tog raphs  of t h e  

w a t e r  r e l e a s e  f r o m  t h e  SA-2 v e h i c l e  w e r e  o b t a i n e d  f r o m  

F a l s e  Cape. A s e r i e s  o f  t h e s e  p i c t u r e s  i s  shown i n  

F i g u r e s  3.2 t h r o u g h  3.14. F i g u r e  3.2 shows t h e  SA-2 

v e h i c l e  12 m i l l i s e c o n d s  b e f o r e  i t  was exp loded  t o  r e l e a s e  

t h e  wa te r .  T h e  f o l l o w i n g  f rame o f  t h e  m o t i o n  p i c t u r e  f i  I m  

was exposed 21 m i  I 1  i seconds a f t e r  t h e  e x p l o s i o n  and i s  

shown i n  F i g u r e  3.3. Severa l  v e r y  i n t e r e s t i n g  a s p e c t s  can 

be n o t i c e d  i n  F i g u r e  3.3. F o u r  f a i n t  r a y s  e x t e n d  f r o m  t h e  

n e a r l y  c i r c u l a r  c loud .  These r a y s  a r e  d i s t r i b u t e d  u n i f o r m l y  

around  t h e  c loud.  C a r e f u l  i n s p e c t i o n  shows a s l i g h t  haze 

d i s t r i b u t e d  between these  r a y s .  There  a r e  a l s o  f o u r  c loud -  

l e t s  v i s i b l e  w i t h i n  t h e  c l o u d  s t r u c t u r e .  The  c l o u d l e t s  a r e  

a l s o  u n i f o r m l y  d i s t r i b u t e d  a round  t h e  c l o u d  b u t  a r e  o f f s e t  

n e a r l y  30' f r o m  the  r a y s .  

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

charge.  T h e  denser  r i n g  and t h e  sys tem o f  c l o u d l e t s  con- 

s i s t  o f  t h e  expand ing  l i q u i d .  T h i s  l i q u i d  was composed o f  

B o t h  the  r a y s  shown i n  F i g u r e  3.3 
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C e n t e r  o f  f i l m  
Vero Beach  

/ 

F a l s e  Cape 

Camera D i  r e c t i  on  

f r o m  t h e  

I ce-f iat e r  CI oud 

F i g u r e  3.1 

Me1 bourne  Beach 

1 1  



F i  gure  3.2. SA-2 Launch V e h i  c l e  just b e f o r e  
W a t e r  Re1 e a s e  

__ _ _  - - - - - - -- - 1- 

F i g u r e  5.3. I c e - ' d a t e r  C l o u d  0.021 a e c o n d s  
, i f t e r  [ < e l e a s e  ( F a l s e  c a p e )  



3.3 P h o t o q r a D h i c  A n a l y s i s  ( c o n t ' d )  

44,000 + k g  o f  w a t e r ,  3,400 k g  o f  f u e l  (AP-1) and 4,600 k g  

o f  I i qu i  d oxygen. L a b o r a t o r y  e x p e r i m e n t s  show t h a t  t h e s e  

o t h e r  c o n s t i t u e n t s  o f  t h e  r e l e a s e d  l i q u i d  behave v e r y  

s i m i l a r l y  t o  w a t e r  ( R e f .  10). 

F i g u r e  3.4 shows t h e  expand ing  c l o u d  88 m i  I I i s e c o n d s  

a f t e r  t he  l i q u i d  r e l e a s e .  A l l  ev idence  of the  f o u r  s p i k e s  

and t h e  haze have d isappeared.  A r a t h e r  s h a r p  c l o u d  s t r u c -  

t u r e  i s  now e v i d e n t .  The f o u r  c l o u d l e t s  have r o t a t e d  u n t i l  

t h e y  a r e  o r i e n t e d  a p p r o x i m a t e l y  a l o n g  t h e  l i n e s  o f  t h e  

o r i  g i  na 1 s p i  kes.  Thi s o r i  e n t a t  i on  then remai  ns  c o n s t a n t  

as l o n g  a s  t h e  c l o u d l e t s  a r e  i d e n t i f i a b l e .  A t  t h e  t i m e  o f  

t h e  l i q u i d  r e l e a s e  an  a n g u l a r  momentum was i m p a r t e d  t o  t h e  

l a u n c h  v e h i c l e  and a l s o  t o  t h e  e s c a p i n g  l i q u i d .  (Ref .  5). 

Thus the  r o t a t i o n  o f  t h e  f o u r  c l o u d l e t s  and t h e  subsequent  

s t a b i l i z a t i o n  demons t ra tes  t h e  r a p i d i t y  w i t h  wh ich  t h e  

c l o u d  s t a b i l i z e d  w i t h  t h e  ambien t ,  excep t  f o r  i t s  i n t e r n a l  

d i s p e r s i v e  and t u r b u l e n t  a c t i v i t i e s .  An i n t e r n a l  c l o u d  

r i n g  i s  seen t o  be f o r m i n g  and s e v e r a l  r e g i o n s  o f  m a t e r i a l  

c o n c e n t r a t i o n  a r e  observed i n  F i g u r e  3.4. The m o t i o n s  o f  

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

t o  o b t a i n  t h e i r  expans ion  v e l o c i t i e s .  

S i x t y - s i x  (66) m i l l i s e c o n d s  a f t e r  t h e  t i m e  F i g u r e  3.4 

was o b t a i n e d  t h e  c l o u d s  w e r e  as  shown i n  F i g u r e  3.5. ;lo 

v e r y  s i g n i f i c a n t  changes o c c u r r e d  w i t h i n  t h i s  t i m e  i n t e r v a l .  

However, t h e  o u t e r  l i m i t s  o f  t h e  c l o u d  a r e  now more d i f f u s e  

and t h e  c l o u d  s t r u c t u r e  more d e f i n i t e .  The i n n e r  r i n g  i s  



F i  g u r e  3.4. I c e - d a t e r  Cloud 0.088 Seconds 
a f t e r  R e l e a s e  ( F a l s e  Cape) 

- _- -~ __ __ __ . -_ - - - I__ 

F i g u r e  3 . 5 .  I c e -  , z ie?r  . & l o u d  0.154 3 e c o n d s  
a f t e r  3elease ( F a l s e  CaDe) 
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3.3 PhotoqraDhi  c Anal  y s i  s ( c o n t ' d )  

now t h e  p r i n c i p a l  o b s e r v a b l e  f e a t u r e .  

D u r i n g  t h e  f o l l o w i n g  134 m i l l i s e c o n d s  t h e  c l o u d  con- 

t i n u e d  t o  expand as shown i n  F i g u r e s  3.6 and 3.7. One o f  

t h e  i n t e r e s t i n g  a s p e c t s  of t h e s e  f i g u r e s  i s  the  i n c r e a s e d  

r e f l e c t i o n s  o f  the  i n n e r  c l o u d  s t r u c t u r e .  T u r b u l e n c e  and 

c o n d e n s a t i o n  e f f e c t s  can now be obse rved  w i t h i n  t h e  s t r u c t u r e  

o f  t h e  c loud.  

f i g u r e s  3.8 and 3.9 show t h e  c l o u d  a t  454 and 722 m i  I l i- 

seconds a f t e r  t h e  l i q u i d  r e l e a s e .  A u n i q u e  f e a t u r e  o f  F i g u r e  

3.8 i s  t h e  b u l g e  t h a t  deve lops  t o w a r d  t h e  l ower  r i g h t - h a n d  

p o r t i o n  o f  the  c loud .  T h i s  b u l g e  expanded ou tward  much more 

r a p i d l y  t h a n  t h e  i n n e r ,  more r e f l e c t i v e  p o r t i o n  o f  t h e  c loud .  

I n  b o t h  o f  t h e s e  f i g u r e s  the  e f f e c t  o f  t u r b u l e n c e  and t h e  

c o n d e n s a t i o n - e v a p o r a t i o n  p r o c e s s e s  a r e  e v i d e n t .  

B y  1.155 seconds a f t e r  t h e  l i q u i d  re lease,  t h e  c l o u d  has 

begun t o  expand beyond t h e  f i e l d  o f  v iew o f  t h e  F a l s e  Cape 

camera. T h i s  c o n d i t i o n  i s  shown i n  F i g u r e  3.10. The c l o u d -  

l e t  s t r u c t u r e  i s  v e r y  e v i d e n t  i n  t h e  o u t e r  p o r t i o n s  o f  t h e  

c loud .  

As t h e  c l o u d  s t r u c t u r e  d i s s i p a t e d ,  t h e  r e l e a s e  o f  

l i q u i d  f r o m  t h e  t h i r d  s t a g e  o f  t h e  SA-2 v e h i c l e  c o u l d  be 

observed.  A t  4.379 seconds a f t e r  t h e  f i r s t  l i q u i d  r e l e a s e ,  

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

d e t e c t e d ,  a s  shown i n  F i g u r e  3.11. F i g u r e s  3.12, 3.13, and 

3.14 show t h e  escap ing  l i q u i d  a t  7.345 sec., 10.279 sec,, 



f i g u r e  3 . 6 .  Ice-tYater Cloud 0.221 Seconds 
a f t e r  Release ( f a l s e  Cape) 

F i g u r e  3.7. I c e - + V a t e r  C l o u d  0.238 Seconds 
a f t e r  H e l e a s e  (False Cape)  
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F i  gure 3.8.  I ce-Water CI oud 0.454 Seconds 
a f t e r  Release ( F a l s e  Cape) 

F i a u r e  3.9. I c e - d a t e r  C l o u d  0.722 Seconds 
a f t e r  ? e l e a s e  ( F a l s e  Cape)  

-17- 



Figure 3.10 Ice-Vrlater C l o u d  1.155 S e c o n d s  a f t e r  
Release ( F a l s e  Cape) 



._ __ . -  _ _ ~  _.__ - __ - ~ 

F i  g u r e  3.11. Escap ing  Water f r o m  T h i r d  S t a g e  
a t  4.379 Seconds 

F i g u r e  3.12. Escaping d a t e r  f r o m  T h i r d  S t a g e  
a t  7.345 Aeconds 



_______ . - - _. 

F i g u r e  3.13. Escaping  Nater from T h i r d  S t a g e  
a t  10.279 Seconds 



3.3 P h o t o q r a p h i  c A n a l y s i s  ( c o n t ' d )  

and 13.979 sec., r e s p e c t i v e l y .  A n a l y s i s  o f  t h e s e  f i g u r e s  

i n d i c a t e s  t h a t  the l i q u i d  d i d  n o t  f l o w  e v e n l y  f r o m  t h e  

(one  f o o t  d i a m e t e r )  p o r t s  t h a t  w e r e  c u t  i n  t h e  t h i r d  s t a g e  

li q u i d  c o n t a i  ner. The I i q u i d  appears  t o  be d i  scha rged  i n  

a somewhat random fash ion .  T h i s  c o n d i t i o n  can be e x p l a i n e d  

by f r e e z i n g  o f  t h e  l i q u i d  b e i n g  e x p e l l e d  t h r o u g h  the  p o r t s ,  

f o l l o w e d  by m e l t i n g  r e s u l t i n g  f r o m  c o n d u c t i o n  o f  h e a t  f r o m  

t h e  i n t e r i o r  w a t e r  c o m p l i c a t e d  by e v a p o r a t i o n  o f  t h e  i c e .  

C o l o r  p i c t u r e s  o f  the c l o u d  g r o w t h  and d i s s i p a t i o n  

w e r e  a l s o  o b t a i n e d  f r o m  Melbourne Beach w i t h  a 70 mm, 400 

i n c h  f o c a l  l e n g t h  camera. The f i r s t  p i c t u r e  o f  t h e  expand- 

i n g  c loud ,  o b t a i n e d  39 m i l l i s e c o n d s  a f t e r  t h e  l i q u i d  r e l e a s e ,  

i s  shown i n  F i g u r e  3.15. C a r e f u l  a n a l y s i s  shows t h e  f o u r  

s p i k e s  t h a t  w e r e  e v i d e n t  i n  t h e  p i  c t u r e  o b t a i n e d  f r o m  F a l s e  

Cape a t  22 m i  I I i s e c o n d s  a f t e r  t h e  I i q u i d  r e l e a s e .  However, 

the haze i n  the  Melbourne Beach p i c t u r e  can n o t  be r e s o l v e d .  

A l s o  t h e  c l o u d  s t r u c t u r e  i s  n o t  r e s o l v e d  as  i t  i s  w i t h  t h e  

F a l s e  Cape camera. F i g u r e  3,16 shows t h e  c l o u d  a s  seen f r o m  

ivlelbourne Beach 239 m i l l i s e c q n d s  a f t e r  t h e  l i q u i d  r e l e a s e .  

T h i s  i s  o n l y  18 m i l l i s e c o n d s  a f t e r  t h e  p i c t u r e  ( F i g u r e  3.6) 

t h a t  was t a k e n  f rom F a l s e  Cape. Comparing t h e s e  two p i c -  

t u r e s  p r o v i d e s  an i n t e r e s t i n g  model o f  t h e  geometry  o f  t h e  

expand ing  c loud.  Hemembering t h a t  t h e  v iews  o f  t h e  c l o u d  

a r e  n e a r l y  a t  r i g h t  a n g l e s  t o  each o t h e r ,  t h e r e  appears  t o  

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

c l o u d l e t s  expand t o  t h e  f o u r  b u l g e s  t h a t  appear o u t s i d e  t h e  

21 
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F i g u r e  3.15. I c e - W a t e r  C l o u d  0.039 Seconds 
after R e l e a s e  ( M e l b o u r n e  Beach) 

~ - - - ___ __ _- ---  - - 

f i g u r e  3.16. I c e - l a t e r  C l o u d  0.239 b e c o n d s  
a f t e r  Re1 ease (Nlel b o u r n e  8each)  
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3.3 P h o t o q r a D h i c  A n a l y s i s  ( c o n t ' d )  

m o r e  r e f l e c t i v e  i n n e r  p o r t i o n s  of t h e  c loud.  The b u l g e s  

t h a t  appear  h o r i z o n t a l  i n  F i g u r e  3.6 a r e  d i r e c t e d  i n t o  

and t h r o u g h  t h e  c loud,as obse rved  i n  F i g u r e  3.16. 

By 489 m i  I I i seconds, t h e  c l o u d  was expand1 ng beyond 

t h e  f i e l d  o f  v iew of  t h e  Melbourne Beach camera,as shown 

i n  F i g u r e  3.17. As w i t h  t h e  p r e v i o u s l y  d i s c u s s e d  p i c t u r e ,  

t h e  e f f e c t s  o f  t u r b u l e n c e  and t h e  c o n d e n s a t i o n - e v a p o r a t i o n  

p rocess  a r e  e v i d e n t .  

A s  t h e  c l o u d  d i s s i p a t e d ,  t h e  l i q u i d  r e l e a s e  f r o m  t h e  

t h i r d  s t a g e  c o u l d  be photographed.  A s e r i e s  o f  t h r e e  

pho tog raphs  o b t a i n e d  a t  8.439 sec., 20.939 sec., and 

34.739 sec., a r e  shown i n  F i y r e s  3.18, 3.19, and 3.20. 

These pho tog raphs  appear s i  m i  I a r  t o  t h o s e  o b t a i  ned f r o m  

F a l s e  Cape and s u b s t a n t i a t e  t h e  t h e o r y  o f  t h e  l i q u i d  

r e l e a s e  f r o m  t h e  p o r t s .  

A s e t  o f  p i c t u r e s  o f  t h e  c l o u d  expans ion  o b t a i n e d  

f r o m  Vero Beach i s  shown i n  F i g u r e  3.21. T h e  s t r u c t u r e  

d e t a i l  of t h e  c l o u d  i s  n o t  comparable t o  t h a t  o b t a i n e d  

w i t h  t h e  c o l o r  cameras. However, t h e  s h o r t e r  f o c a l  l e n g t h  

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

p e r i o d  o f  t i m e .  These p i c t u r e s ,  f r o m  Vero Beach, i n d i c a t e  

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

expanded i n  n e a r l y  a s p h e r i c a l  manner. 



F i g u r e  3.17. Ice -dater  C l o u d  0.489 Seconds 
a f t e r  R e l e a s e  (Me1 bourne Beach) 

_ -  , - i g u r e  3.13. Escaping d a t e r  from T h i r d  S t a g e  
a t  8.439 Seconds 

- 24- 



F i g u r e  3.19. t i s c a p i n g  k i a t e r  f r o m  T h i r d  S t a g e  
a t  20.939 Seconds  

_____ -- ----- - ___ ~- - - 
Fi  g u r e  3.20. E s c a p i n a  d a t e r  f r o m  T h i r d  S t a g e  

a t  34.739 Seconds 

-25- 
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3.4 E x p a n s i o n  Ra te  A n a l v s i s  

The expans ion  o f  l i q u i d s  under  reduced  p r e s s u r e  i s  

a complex phenomena because o f  t h e  phase changes t h a t  

occu r .  A mathemat i ca l  t h e o r y  has been deve loped u t i  I i z i n g  

hydrodynami c-thermodynarni c cons i  d e r a t i o n s  ( S e e  Appendi x C). 

U t i l i z i n g  t h e s e  c o n s i d e r a t i o n s  a n  e q u a t i o n  can be deve loped 

f o r  t h e  dens i  .y o f  t h e  expanding l i q u i d .  However, in t h e  

cases w h e r e  r a p i d  phase changes o c c u r  e x p e r i m e n t a l  d a t a  a r e  

r e q u i r e d  t o  d e t e r m i n e  the  changes t h a t  occu r  i n  t h e  expan- 

s i o n  model. 

CI oud expans ion  ve  l o c i  t i e s  w e r e  o b t a i  ned by measurf ng  

t h e  a c t u a l  d i sp lacemen t  o f  t h e  c l o u d  edge,or the c e n t e r  o f  

a p a r t i c u l a r  c l o u d l e t , o n  a s e r i e s  o f  f rames.  The a c t u a l  

d i s t a n c e  moved was c a l c u l a t e d  f r o m  t h e  known f o c a l  l e n g t h  

o f  t h e  camera, f rame s i z e ,  and d i s t a n c e  f r o m  t h e  camera 

l o c a t i o n  t o  t h e  c loud.  

Expans ion  v e l o c i t i e s  o f  t h e  s p i k e s  t h a t  appeared on 

t h e  f i r s t  p i c t u r e  o b t a i n e d  a f t e r  t h e  e x p l o s i o n  (T+0.021 sec . )  

a r e  3.3 km/sec. T h i s  v e l o c i t y  i s ,  o f  course,  a n  average 

v e l o c i t y  o v e r  the f i r s t  21 m i l l i s e c o n d s .  However, t h i s  may 

be a good e s t i m a t e  o f  t h e  i n i t i a l  p e r t u r b a t i o n  wave v e l o c i t y .  

Expans ion  v e l o c i t i e s  w e r e  measured f o r  t h e  o u t e r  and 

i n n e r  c l o u d  systems and t h e  r a d i a l  v e l o c i t i e s  w e r e  measured 

f o r  s i x  d i s t i n c t i v e  c l o u d l e t s .  The v e l o c i t i e s  o f  the  v a r i o u s  

c l o u d  f o r m s  a r e  shown i n  F i g u r e  3.22. F l u c t u a t i o n  i n  the  

v e l o c i t i e s  w i t h  t i m e  a r e  due t o  t u r b u l e n c e  and condensa t ion -  

e v a p o r a t i o n  dynamics w i t h i n  t h e  c l o u d .  I t  i s  o f  i n t e r e s t  t o  

27 
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3.4 Expans ion  Rat e Anal y s i  s ( c o n t  ‘ d )  

n o t e  t h a t  t h e  o u t e r  r i n g  had an ave rage  v e l o c i t y  c o n s i d e r -  

a b l y  g r e a t e r  t h a n  t h e  i n n e r  r i n g ,  dhen t h e  b u l g e  deve loped  

i n  t h e  inner  r i n g ,  i t s  average v e l o c i t y  was g r e a t e r  t h a n  

t h e  c l o u d  r e g i o n  f r o m  which i t  developed, b u t  n o t  a s  g r e a t  

a s  t h e  o u t e r  r i n g  v e l o c i t y .  F l u c t u a t i o n s  i n  the v e l o c i t y  

o f  t h i s  b u l g e  appeared t o  damp o u t  a s  i t  expanded beyond 

the  f i e l d  o f  v i e w  o f  t h e  camera. However, t h e  f l u c t u a t i o n s  

i n  t h e  v e l o c i t y  o f  t h e  inner  r i n g  con t inued .  

F i g u r e  3.23 shows t h e  v e l o c i t i e s  o f  t h r e e  o f  t h e  s i x  

c l o u d l e t s  a s  a f u n c t i o n  o f  t i m e , w h i I e  F i g u r e  3.24 shows t h e  

v e l o c i t i e s  o f  t h e  r e m a i n i n g  t h r e e  c l o u d l e t s .  C l o u d l e t  

number one was embedded i n  t h e  o u t e r  r i n g  o f  t h e  expand ing  

vapor .  C o r r e s p o n d i n g l y ,  t he  average v e l o c i t y  o f  t h i s  

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

w h i l e  t h e  v e l o c i t i e s  o f  t h e  o t h e r  c l o u d l e t s  a r e  c l o s e r  t o  

the a v e r a g e  v e l o c i t y  o f  the  inner  r i n g .  As w i t h  t h e  c l o u d  

expans ion  v e l o c i t i e s ,  t h e  c l o u d l e t  v e l o c i t i e s  f l u c t u a t e d  

due t o  t h e  t u r b u l e n c e  and due t o  t h e  energy  imba lance  

produced by the  complex c o n d e n s a t i o n - e v a p o r a t i o n  p r o c e s s  

t a k i n g  p l a c e  w i t h i n  t h e  c loud.  

P i c t u r e s  o b t a i n e d  f r o m  t h e  hiel bourne Beach camera 

l o c a t i o n  a l s o  p r o v i d e d  c l o u d  e x p a n s i o n  v e l o c i t y  c a l c u l a t i o n s .  

These v e l o c i t i e s  as  a f u n c t i o n  of t i m e  a r e  shown i n  F . i gu r2  

3.25, ; h e  l o n g e r  f o c a l  l e n g t h  camera d i d  n o t  p e r m i t  t h e  
- 
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3.4 c x p a n s i o n  R a t e  A n a l y s i s  ( c o n t ' d )  

v e l o c i t y  c a l c u l a t i o n s  t o  be ex tended i n  t i m e  a s  l o n g  a s  

t h o s e  froni t h e  F a l s e  Cape l o c a t i o n .  O n l y  two o f  t h e  

c l o u d l e t s  i d e n t i f i e d  f r o m  t h e  F a l s e  Cape l o c a t i o n  c o u l d  

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

d e  I bourne  Beach I o c a t  i ons. 

V e l o c i t y  v a l u e s  f o r  t h e  c l o u d l e t s  o b t a i n e d  f r o m  F a l s e  

Cape and Melbourne Beach can be combined a t  p a r t i c u l a r  t i m e s  

t o  p r o v i d e  a t r u e  r a d i a l  v e l o c i t y  o f  t h e  c l o u d l e t s .  These 

r a d i a l  v e l o c i t y  v a l u e s  a r e  shown i n  F i g u r e  3.26. The r e -  

s u l t i n g  smooth ing  o u t  o f  t h e  v e l o c i t y  f l u c t u a t i o n s  i s  s i g -  

n i f i c a n t .  I t  i n d i c a t e s  the  degree t o  w h i c h  t u r b u l e n c e  

a f f e c t e d  t h e  c l o u d l e t  mot ion .  

D u r i n g  t h e  t i m e  t h a t  c l o u d l e t s  number one and two 

c o u l d  be measured t h e  average v e l o c i t y  o f  each v a r i e d  i n  

o p D o s i t e  manners. T h e  ave rage  r a d i a l  v e l o c i t y  o f  c l o u d l e t  

number one i n c r e a s e d  whi l e  t h a t  o f  c l o u d l e t  number two 

decreased.  However, c l o u d l e t  number two was obse rved  f o r  

s l i g h t l y  l o n g e r  t h a n  o n e - h a l f  a second more t h a n  c l o u d l e t  

number one. If o n l y  t h e  f i r s t  f o u r  v e l o c i t y  measurement 

v a l u e s  f o r  c l o u d l e t  number two a r e  cons ide red ,  t h e s e  ove r -  

l a p  t h e  t i m e  when v e l o c i t y  v a l u e s  f o r  c l o u d l e t  number one 

w e r e  o b t a i n e d ,  and an  i n c r e a s e  i n  v e l o c i t y  o f  c l o u d l e t  

number two  w i t h  t i m e  r e s u l t s .  

.. - 
l h e r e  may b e  a c r i t i c a l  t i m e ,  s l i g h t l y  l e s s  t h a n  0.5 

second, d u r i n g  w h i c h  t h e  p r e s s u r e  w i t h i n  t h e  c l o u d  i s  

enhanced due t o  t h e  e v a p o r a t i o n  o f  t h e  l i q u i d  d r o p l e t s .  
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3.4 E x p a n s i o n  Rate A n a l y s i s  ( c o n t ' d )  

A f t e r  t h i s  p e r i o d  o f  t i m e  c o n d e n s a t i o n  o c c u r s  and t h e  

p r e s s u r e  d rops  more r a p i d l y ,  r e s u l t i n g  i n  t h e  obse rved  

decrease i n  v e l o c i t y  o f  t h e  c l o u d l e t s .  i h i s  p r o c e s s  of 

evapora t i on -condensa t ion -sub1  i m a t i o n  was f o u n d  t o  e x i s t  

i n  l a b o r a t o r y  e x p e r i m e n t s  o f  t h e  r e l e a s e  of l i q u i d s  a t  

i o n o s p h e r i c  p r e s s u r e  ( R e f .  6 and 9 ) .  

__ 

4.0 R a d i o f r e q u e n c y  E l e c t r o r n a q n e t i c  O b s e r v a t i o n s  

A v a r i e t y  o f  r a d i o f r e q u e n c y  e l e c t r o m a g n e t i c  obse r -  

v a t i o n s  were  made i n  c o n j u n c t i o n  w i t h  P r o j e c t  H i g h  vVater I. 

i h e  f o l l o w i n g  s e t s  o f  da ta  f r o m  these o b s e r v a t i o n s  were 

made a v a i l a b l e  f o r  t h i s  a n a l y s i s  e f f o r t :  

- 

1. I onosonde o b s e r v a t  i ons  acqu i  r e d  a t  Cape Kennedy 

and Grand Bahama I s l a n d ,  

2. E l e c t r o m a g n e t i c  n o i s e  o b s e r v a t i o n s  a c q u i r e d  w i t h  

r e c e i v e r s  l o c a t e d  a t  P a t r i c k  A i r  F o r c e  base  

( F l o r i d a )  T e c h n i c a l  L a b o r a t o r y ,  o f  f r e q u e n c i e s  

of 232.36 mc/sec, 136.2 mc/sec, and 13.320 mc/sec., 

3. T e l e m e t r y  s i g n a l  i n t e n s i t i e s  r e c o r d e d  a t  Cape 

T e l .  11, a t  t e l e m e t r y  channel  f r e q u e n c i e s  o f  

242.0 mc/sec, 246.3 mc/sec, 248.6 mc/sec, and  

249.9 mc/sec, 

4. N o i s e  measurements a t  1 5  kc /sec  and t h e  s t r e n g t h  

o f  13 kc /sec  WWV c a r r i e r  ( o b t a i n e d  by s w i t c h i n g  

a (Emp i re  Dev ices  idodel NF-105) n o i s e  and f i e l d  

35 



4.0 H a d i o f r e q u e n c y  E l e c t r o m a q n e t i  c O b s e r v a t i o n s  ( c o n f d )  

5. 

i n t e n s i t y  m e t e r  between t h e  two modes), con- 

t i n u o u s  r e c o r d  o f  t h e  s i g n a l  l e v e l  obse rved  

w i t h  a (F'dihl ) S t o d d a r d  r e c e i  v e t  (The d o i  se 

and F i e l d  I n t e n s i t y  M e t e r ,  and t h e  S t o d d a r d  

l ? e c e i v e r  w e r e  o p e r a t e d  b y  i v ia r t i n  pe rsonne l  

and w e r e  I o c a t e d  on idar t  i n-Or I ando property.) ,  

A s t a t i c  d i r e c t i o n  f i n d e r  system, t u n e d  t o  

10 kc/sec,  o p e r a t e d  b y  weather  de tachments  

l o c a t e d  a t  P a t r i c k  A i r  F o r c e  Base ( F l o r i d a ) ,  

and a t  Andrews A i r  F o r c e  Base ( M a r y l a n d ) .  

A number of a d d i  t i  ona I o b s e r v a t  i ons a r e  b e l  i eved 

t o  have been made, b u t  i t  has n o t  been p o s s i b l e  t o  a s c e r -  

t a i n  t h e  d i s p o s i t i o n  o f  t h e  p e r t i n e n t  r e c o r d s .  

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

o b s e r v a t i o n s  d i f f e r  c o n s i d e r a b l y ,  a b r i e f  d i s c u s s i o n  o f  each 

o f  t h e  above c a t e g o r i  es w i  I I be p resen ted .  

4.1 I onosonde Observa t  i o n s  

J. k V *  W r i g h t  ( C h i e f ,  V e r t i c a l  Soundings,  I o n o s p h e r e  

3 e s e a r c h  and P r o p a g a t i o n  D i v i s i o n ,  N a t i o n a l  Bureau of 

S tandards ,  Bou lde r ,  Co lo rado)  gave the f o l  l o w i n g  d e s c r i p -  

t i o n  o f  t h e  i o n o s p h e r i c  c o n d i t i o n s  ( R e f .  8 ) :  

P r e - R e 1  ease 

A " S p o r a d i c  E" l a y e r  ( E s )  a t  a a l t i t u d e  o f  107 + - 2 k m  

T h i s  Es i s  d e f i n i t e l y  was embedded i n  t h e  norrrial E l a y e r .  
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4.1 I onosonde Observa t  i ons ( c o n t  ' d )  

b e l i e v e d  t o  have cove red  t h e  a r e a  o f  r e l e a s e ,  s i n c e  i t  was 

o b s e r v e d  a t  b o t h  Cape Kennedy ( f o  E s  = 6.0 mc/sec) and a t  

Grand Bahama I s l a n d  ( fo  Es = 3.9 mc/sec). 

o f  a t r a v e l i n g  d i s t u r b a n c e  i n  the  F - r e g i o n ;  however, t h e  Es 

a t  Cape Kennedy o b s c u r e d  r e f l e c t i o n s  f r o m  the F - reg ion .  

P o s t - 3 e l  ease 

There  was ev idence  

tJo s i g n i f i c a n t  changes i n  t h e  E - r e g i o n  were obse rved  

a t  e i t h e r  s t a t i o n  a t  o r  f o l l o w i n g  t h e  w a t e r  r e l e a s e .  Minor 

changes i n  t h e  E - r e g i o n  w e r e  observed.  These m i n o r  changes 

n o t e d  w e r e :  

A t  t h e  moment o f  r e l e a s e ,  t h e  d e c r e a s i n g  t r e n d  

i n  t h e  v a l u e  o f  t h e  c r i t i c a l  f r e q u e n c y  ( fo)  of 

t h e  Es l a y e r  was a r r e s t e d ,  and t h e  fo  ES rema ined  

c o n s t a n t  f o r  a t  l e a s t  t h i r t y - f i v e  (35)  m inu tes .  

A s l i g h t l y  unusua l  "Es" s t r a t u m  a t  an a l t i t u d e  

of  90 km was obse rved  a t  Cape Kennedy, b e g i n n i n g  

about  t h i r t e e n  m i n u t e s  a f t e r  the  r e l e a s e ,  and 

c o n t i n u i n g  f o r  a t  l e a s t  e l e v e n  ( 1 1 )  minutes .  

I n  t h i s  a n a l y s i s ,  b o t h  of t h e  p r e c e d i n g  m i n o r  changes 

in t h e  E - r e g i o n  of  t h e  i o n o s p h e r e  a r e  c o n s i d e r e d  t o  b e  

d i r e c t  consequences o f  t h e  w a t e r  r e l e a s e .  These two  changes 

( i n  t h e  € - r e g i o n )  a r e  r e s u l t s  o f  t h e  combined e f f e c t s  o f  

phenomena a s s o c i a t e d  w i t h  t h e  r e l e a s e  o f  w a t e r .  
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4.1 Ionosonde O b s e r v a t i o n s  ( c o n t ' d )  

There  a r e  two e f f e c t s  o f  t h e  w a t e r  r e l e a s e  w h i c h  

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

c r i t i c a l  f r e q u e n c y  o f  t h e  Es  l a y e r  ( f o  E s ) .  

a r e :  

These e f f e c t s  

( a )  The release o f  w a t e r  c r e a t e d  a d i s t u r b a n c e  o r  

p e r t u r b a t i o n  wave, w h i c h  p ropaga ted  r a d i a l  l y  

f rom t h e  r e l e a s e  p o i n t  w i t h  a v e l o c i t y  equa l  t o  

t h e  i n i t i a l  expans ion  v e l o c i t y  o f  t he  w a t e r  i .e . ,  

2.5 - 3 krn/sec. T h i s  p r o p a g a t i o n  v e l o c i t y  remai  ned 

c o n s t a n t ,  b u t  t h e  a m p l i t u d e  o f  t h e  wave dec reased  

w i t h  d i s t a n c e .  T h e r e f o r e ,  t h e  p e r t u r b a t i o n  wave 

reached  Cape Kennedy i n  35-40 seconds a f t e r  t h e  

r e l e a s e .  

( b )  The  r e l e a s e  o f  t h e  w a t e r  a l t e r e d  t h e  m o t i o n  o f  

t h e  " i o n o s p h e r i c  c loud"  p r o d u c i n g  t h e  E s  anomaly.  

The p e r t u r b a t i o n  wave and t h e  p resence o f  t h e  w a t e r  I n  

t h e  i o n o s p h e r e  can be e x p e c t e d  t o  a l t e r  t h e  e l e c t r o n  g r a d i e n t  

and  t h e  change i n  t h e  e l e c t r o n  g r a d i e n t  w i t h  t i m e .  She 

a r r e s t i n g  o f  t h e  t r e n d  i n  fo  Es f o r  t h i r t y  f i v e  (35) m i n u t e s  

g r a p h i  cat  I y demons t ra tes  t h e  nagn i  t u d e  o f  d i  s t u r b a n c e  c r e a t e d  

b y  t h e  R a t e r  r e l e a s e .  

.- 
i h e  s l i q h t l y  unusual  "ES' '  s t r a t u m  a t  an a l t i t u d e  o f  90 k 

i s  c o n s i d e r e d  i n  t h i s  a n a l y s i s  t o  b e  a consequence o f  t h e  

a r r i v a l  o f  t h e  w a t e r  vapor  o v e r  t h e  Cape Kennedy a r e a .  T h e  
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4.1 Ionosonde  O b s e r v a t i o n s  ( c o n t ' d )  

p h y s i c a l  movement o f  t h e  wa te r -vapor  can be e x p e c t e d  t o  

f o l l o w  an  e x p o n e n t i a l  decay i n  v e l o c i t y ,  s i n c e  t h e  p r i m a r y  

d r i v i n g  f o r c e  was genera ted  a t  t h e  r e l e a s e .  I f  t h e  i n i t i a l  

e x p a n s i o n  v e l o c i t y  i s  t a k e n  t o  be 3 km/sec., t h e  e x p o n e n t i a l  

v e l o c i t y  b e h a v i o r  p r e d i c t s  t h a t  t h e  vapor  c l o u d  w i  1 1 ,  a s  a 

consequence of  t he  " s e l f - c o n t a i n e d "  e x p a n s i v e  f o r c e ,  expand 

t o  a d i a m e t e r  of about  50 km. ( E x p a n s i o n  beyond t h e  50 km 

d i a m e t e r  w i  I I be a s  a consequence o f  d i f f u s i o n a l  e f f e c t s . )  

However, t h e  expans ion  w i  I I  n o t  be s p h e r i c a l l y  s y m m e t r i c a l ,  

s i n c e  t h e  expand ing  vapor c l o u d  w i l l  e n c o u n t e r  t h e  denser  

atmosphere below.  T h e  e x p a n s i o n  o f  t he  vapor  c l o u d  w i l l  

be super imposed on t h e  e x i s t i n g  i o n o s p h e r i c  mot ion .  Con- 

s i d e r i n g  t h e s e  f a c t o r s ,  t h e  s l i g h t l y  unusua l  E s  - s t r a t u m  

i n d i c a t e s  t h a t  t h e r e  was a n  i o n o s p h e r i c  w ind  a t  an a l t i t u d e  

o f  90 km f r o m  t h e  sou theas t  w i t h  a v e l o c i t y  of 76 m/sec. 

An i o n o s p h e r i c  w i n d  v e l o c i t y  o f  76 m/sec. i s  i n  e x c e l l e n t  

agreement w i t h  a passage  t i n e  o f  e l e v e n  ( 1 1 )  m i n u t e s  f o r  t h e  

vapor  c loud .  

The g e n e r a t i o n  o f  a d i s t u r b a n c e  o r  p e r t u r b a t i o n  wave 

w i t h  t h e  r e l e a s e  o f  water  a t  a p r e s s u r e  o f  l f 4  t o r r  has 

been e x p e r i m e n t a l l y  obse rved  ( R e f .  9 ) .  I t  i s  a l s o  n o t e d  

t h a t  i t  was w i d e l y  h e l d  t h a t  P r o j e c t  H i g h  vVater I r e l e a s e  

woul d n o t  p roduce  s i  gn i  f i can t  changes i n  t h e  i o n o s p h e r e  

( R e f .  2).  The ionosonde o b s e r v a t i o n s  a r e  c o n s i d e r e d  t o  be 

a c o n f i r m a t i o n  o f  t h e  s c a l e  model l a b o r a t o r y  s t u d i e s  

and t h a t  d e t e c t a b l e  e f f e c t s  wou ld  b e  prDduced i n  t h e  

i onosphere .  
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4.2 E l e c t r o m a g n e t i  c No ise  O b s e r v a t i o n s  

E l e c t r o m a g n e t i c  n o i s e  o b s e r v a t i o n s  were made a t  P a t r i c k  

A i r  F o r c e  Base a t  232.36 mc/sec, 136.2 mc/sec, and 13.820 

mc/sec. ( R e f .  1 1 ) .  (The b a n d w i d t h  of  t h e  r e c e i v e r s w a s  

1 6  kc/sec. ) .  I n i t i a t i o n  o f  t h e  o b s e r v a t i o n s  was a t  a p p r o x i -  

m a t e l y  l i f t - o f f  o f  t he  v e h i c l e  (1400:322) ,  and c o n t i n u e d  

u n t i l  a p p r o x i m a t e l y  f i v e  (5 )  m i n u t e s  a f t e r  t h e  r e l e a s e  

(140&Z).  

The 232.36 mc/sec r e c o r d s  d e m o n s t r a t e d  o n l y  m i n o r  

f l u c t u a t i o n s  (maximum r e l a t i v e  a m p l i t u d e :  6-7 u n i t s )  e x c e p t  

d u r i n g  t h e  t i m e  t h e  vehicle was i n  t h e  p a t t e r n  o f  t h e  antenna.  

A s u s t a i n e d  s i g n a l  was observed  w h i c h  ceased upon t h e  d e s t r u c t  

o f  the  v e h i c l e  (or r e l e a s e  of t h e  w a t e r ) .  E v i d e n t l y  t h e  sus- 

t a i  ned s i g n a l  was g e n e r a t e d  b y  some e l  e c t r o n i  c sys tem a b o a r d  

t h e  v e h i c l e .  F o l l o w i n g  t h e  r e l e a s e ,  a number o f  s h a r p  s p i k e s  

i n  t h e  s i g n a l  l e v e l  w e r e  recorded.  T h e . i n t e n s i t y  and r e l a t i v e  

o c c u r r e n c e  o f  t h e s e  sha rp  s p i k e s  decreased r a p i d l y  a f t e r  

twen ty -one  (21) seconds f r o m  t h e  t i m e  of  t h e  r e l e a s e .  

The r e c o r d s  o f  t h e  o b s e r v a t i o n s  a t  136.2 mc/sec were v e r y  

sirni  l a r  t o  t h e  232.36 mc/sec r e c o r d s ;  however, no s u s t a i n e d  

s i g n a l  was r e c e i v e d  a t  136.2 inc/sec a s  was observed  a t  

232.36 mc/sec. A l o n e  s h a r p  s p i k e  ( r e l a t i v e  a m p l i t u d e :  15 

u n i t s )  was r e c o r d e c  a ~ c o u t  f o u r  (4)  seconds p r i o r  t o  t h e  

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

( r e l a t i v e  a m o l i t u d e :  6-7 u n i t s ) .  A s i m i l a r  p a t t e r n  o f  s h a r o  

s p i k e s  i n  s i g n a l  a m p l i t u d e  f o l l o w e d  t h e  w a t e r  r e l e a s e  and 

a l s o  decreased i n  a m p l i t u d e  and r e l a t i v e  o c c u r r e n c e  a f t e r  
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4.2 E l  e c t r o m a q n e t i  c No ise  O b s e r v a t i o n s  ( c o n t ' d )  

t w e n t y  one (21)  seconds. 

The r e c o r d s  f o r  t h e  o b s e r v a t i o n s  a t  13.820 mc/sec 

d i f f e r  c o n s i d e r a b l y  from t h o s e  f o r  t h e  above f r e q u e n c i e s .  

k c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  background l e v e l  o c c u r r e d .  

There  appeared t o  be b o t h  a s h o r t  t e r m  and a l o n g  t e r m  

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

a f t e r  t h e  w a t e r  r e l e a s e .  A l t h o u g h  a number o f  s h a r p  s p i k e s  

i n  t h e  s i g n a l  a m p l i t u d e  w e r e  r e c o r d e d  p r i o r  t o  t h e  w a t e r  

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

t w e n t y  one (21)  seconds f o l l o w i n g  t h e  w a t e r  r e l e a s e .  A 

g e n e r a l  change i n  t h e  obse rved  s i g n a l  p a t t e r n  o c c u r r e d  

a p p r o x i m a t e l y  t h r e e  (3 )  seconds a f t e r  t h e  w a t e r  r e l e a s e  a n d  

p e r s i s t e d  u n t i  I abou t  t w e n t y  (20) seconds a f t e r  t h e  w a t e r  

r e l e a s e .  A p e c u l i a r  se t  o f  s i g n a l s  was r e c o r d e d  f r o m  f o r t y -  

two (42) seconds t o  f i f t y  (50)  seconds f o l l o w i n g  t h e  w a t e r  

r e l e a s e .  

These n o i s e  measurements made a t  P a t r i c k  A i r  F o r c e  aase 

c l e a r l y  d e m o n s t r a t e  t h a t  an  i n c r e a s e  i n  e l e c t r i c a l  a c t i v i t y  

d e v e l o p e d  f o l  I owi ng t h e  w a t e r  r e 1  ease. A d e t a i  I ed exami na- 

t i o n  was made o f  t h e  n o i s e  o b s e r v a t i o n  r e c o r d s  t o  a s c e r t a i n  

t h e  degrees  of c o o r d i n a t i o n  between t h e  s h a r p  a m p l i t u d e  

v a r i a t i o n s .  A t o t a l  o f  twen ty -seven  (27)  s p i k e s  were s i m u l -  

t a n e o u s l y  r e c o r d e d  on a l l  t h r e e  (3) r e c o r d s .  T h e  r e l a t i v e  

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

summarized i n  T a b l e  4.1. A l a r g e  nmnber o f  a d d i t i o n a l  
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UT 

T4ELE 4.1 

Relative A m p i  itude o f  Idoise Observations 

1403 : 1 6 . 75 
:17,9 
:19.50 
: 22.25 
:26.0+ 
:26.5 
:31.25 

I -To 

:31.75 
: 36.50 
: 78.50 
:92,0 
:02.5 
~05.50 
:06.0 
:47.75 

'1400:04.s 
:13.5 

1405:40.75 

: 32.5 
:33.0 
:36.0 
:40.75 
:43.50 
: 44.75 
:49.0 
:49.75 

3 T  Re!. Amp. 
232.6mc/se c. 

162.75 
163.0 
165.5 
165.25 
172.0+ 
172.5 
177.25 
177.75 
182.5 
184.5 
210.0 
210.5 
21 3.5 
214.0 
255.75 
308.75 
332.5 
341 05 
360.5 
361 .0 
364.0 
363.75 
371.50 
377.0 
372.5 
377.75 

:49.75+ 377.75+ 

5.5 
5.5 
3.0 
13.0 
21 .o 
4.0 
8.0 
9.0 
15.0 
12.0 
7.0 
10.0 
17.0 

8.0 
5.0 
5.0 
9.0 
5.0 
7.0 
6.5 
7.0 
15.0 
12.5 
3.0 
6.5 
10.5 

9.0 

Re1 . Amp. 
136.2mc/se c. 

16.0 
15.0 
16.0 
35.0 
37.0 
23.0 
31 .o 
27.2 
25.5 
8.2 
4.0 
8.0 
12.5 
7.0 
19.0 
17.5 
22.0 
29.0 
35.0 
10.0 
7.0 
35.0 

E). 0 
19.0 
31 -5 
25.8 
24.0 

1.0 4.0 
2.0 
1.0 
2.5 

13.0 
1.8 
3 . 0  
2.0 
0.5 
4.0 
8.0 
5.0 
2.0 
4.0 
2.8 
10.0 
2.5 
4.8 
3.0 
4.0 
15.0 
5.0 
13.0 
3*0 
6.0 
10.0 

3.0 

5.5 
5.0 
9.5 
17.5 
6.8 
8.0 
7.0 
5.0 
5.9 
9.0 
5.0 
6.8 
9.0 
4.8 
10.0 
2.5 
4.8 
5.0 
6.0 

20.0 
12.0 
20.0 
4.0 
10.0 
17.0 
12.0 
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4.2 E l e c t r o m a q n e t i c  No ise  O b s e r v a t i o n s  ( c o n t ' d )  

amp1 i t u d e  s p i k e s  w e r e  observed i n  t h e  i nd i  v i  dua l  r e c o r d s  

wh ich  d i d  n o t  show a c o r r e l a t i o n  on a l l  t h r e e  reco rds .  No 

c o r r e l a t i o n s  w e r e  observed beyond 14(36:502. I n  a number o f  

i n s t a n c e s  amp1 i t u d e  sDikes  w e r e  s i n u l t a n e o u s l y  obse rved  on 

two (2 )  of  t h e  t h r e e  (3 )  r e c o r d s ,  I n  g e n e r a l ,  t h e r e  was a 

b e t t e r  c o r r e l a t i o n  between t h e  232.36 mc/sec and t h e  136.2 

rnc/sec r e c o r d s ;  however, t h e r e  w e r e  a f e w  i n s t a n c e s  w h e r e  

t h e r e  was a c o r r e l a t i o n  between t h e  13.820 mc/sec a m p l i t u d e  

s p i k e s  and s p i k e s  on one o f  t h e  o t h e r  r e c o r d s .  

There  i s cons i  d e r a b l  e doubt  t h a t  '' I i g h t n i  n g - l  i ke"  

e l e c t r i c a l  d i s c h a r g e s  ( o r  e l e c t r i c a l  " s t r o k e s " )  w e r e  respon-  

s i b l e  f o r  t h e  g e n e r a t i o n  o f  t h e  a m p l i t u d e  s p i k e s ,  The o n l y  

p o s s i b l e  e x c e p t i o n  i s  t h e  a m p l i t u d e  s p i k e s  r e c o r d e d  a t  

1403:26+2. T h i s  p a r t i c u l a r  s e t  o f  s p i k e s  o c c u r r e d  v e r y  

c l o s e  t o  t h e  t i m e  t h e  i c e - c l o u d  d i s s i p a t e d ,  A l t h o u g h  t h e  

ev idence  i s  n o t  c o n c l u s i v e ,  i t  i s  b e l i e v e d  t h a t  t h e  e l e c t r i -  

c a l  e f f e c t s  f o l l o w i n g  the w a t e r  r e l e a s e  w e r e  more a k i n  t o  

t h e  e l e c t r i c a l  d i s t u r b a n c e  obse rved  d u r i n g  t h e  t u r b u l e n t  

development  of  a curnulo-congestus c loud.  That  i s ,  t h e  

e l e c t r i c a l  e f f e c t s  a r e  a consequence o f  a c c e l e r a t i o n  (and /o r  

d e c e l e r a t i o n )  of e l e c t r i c a l  charges  r a t h e r  t h a n  o f  a c t u a l  

e l e c t r i c a l  d i scha rges .  T h e r e  is ample r e a s o n  t o  b e l i e v e  

t h a t  cha rge  s e p a r a t i o n  o c c u r r e d  (See Append ix  13) i n  t h e  

w a t e r - i c e - v a p o r  c loud,  b u t  e v i d e n c e  i n  f a v o r  o f  an a c t u a l  

e l e c t r i c a l  d i s c h a r q e  i s  l a c k i n g .  
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4.3 T e l e m e t r y  S i q n a l  L e v e l  Records 

T e l e m e t r y  s i g n a l  l e v e l  r e c o r d s  were examined i n  t h e  

hope t h a t  t e l e m e t r y  t r a n s m i s s i o n  c o n t i n u e d  beyond t h e  

t i m e  o f  t h e  w a t e r  r e l e a s e ,  a s  was observed  i n  P r o j e c t  

i i i a h  d a t e r  11 (Ref .  6) .  I t  was found ,  however, t h a t  a l l  

t e l e m e t r y  systems ceased t r a n s m i t t i n g  a t  t h e  t i m e  o f  t h e  

w a t e r  r e l e a s e .  

The t e l e m e t r y  s i g n a l  l e v e l  r e c o r d s  d i d  r e v e a l  a number 

o f  a t t e n u a t i o n s  super imposed upon the  e x p e c t e d  s i g n a l  

a t t e n u a t i o n  w i t h  range. The s i g n a l  a t t e n u a t i o n s  were 

b r i e f l y  r e v i e w e d  and a r a t h e r  r e m a r k a b l e  c o r r e l a t i o n  was 

f o u n d  between t h e  a l t i t u d e s  o f  t h e  t e l e m e t r y  a t t e n u a t i o n s  

and t h e  a l t i t u d e s  a t  wh ich  d i s c r e t e  changes i n  ELF-VLF 

s p e c t r a l  o b s e r v a t i o n s  were r e c o r d e d  (I$C Summary R e p o r t ) .  

I n  p a r t i c u l a r ,  i t  was f o u n d  t h a t  a t  e v e r y  a l t i t u d e  where 

ELF-VLF s p e c t r a l  o b s e r v a t i o n s  d i s p l a y e d  d i s t i n c t i v e  

v a r i a t i o n s  i n  a t t e n u a t i o n ,  t h i s e  phenomena a l s o  o c c u r r e d  i n  

t h e  t e l e m e t r y  s i g n a l  l e v e l s .  I n  a d d i t i o n ,  a number o f  

v e h i c l e  e v e n t s  can be i d e n t i f i e d  f r o m  t h e  t e l e m e t r y  s i g n a l  

l e v e l  v a r i a t i o n s  i n  a manner s i m i l a r  t o  t h o s e  employed i n  

ELF-VLF s p e c t r a l  d a t a  i n t e r p r e t a t i o n s .  I t  is remarked t h a t  

ELF-VLF s p e c t r a l  o b s e r v a t i o n s  p r o v i  de more d i  s t i  n c t  i v e  and 

d e t a i  l e d  i n f o r m a t i o n  c o n c e r n i n g  t h e  a l t i t u d e  reg imes  and 

v e h i c u l a r  e v e n t s  t h a n  t h e  t e l e m e t r y  s i g n a l  l e v e l  r s c o r d s  

y i e l d .  Fur the rmore ,  i t  i s  emphasized t h a t  t h e  ELF-VLF 

s p e c t r a l  methods f o r  i d e n t i f y i n g  a l t i t u d e  reg imes  and 



4.3 T e l e m e t r y  s i q n a l  L e v e l  l3ecords ( c o n t ' d )  

v e h i c l e  e v e n t s  w e r e  deve loped  c o m p l e t e l y  i n d e p e n d e n t l y  

o f  t e l e m e t r y  c o n s i  d e f a t  i o n s  ( R e f .  12,13,14,15). 

A compar ison o f  t h e  a t t e n u a t i o n s  n l i i  ch o c c u r r e d  a t  

each o f  t h e  f r e q u e n c i e s  r e v e a l s  t h a t  t h e  e x t e n t  o f  t h e  

a t t e n u a t i o n  i s f r e q u e n c y  dependent i n  2 number o f  ins tances .  

I n  t h o s e  i n s t a n c e s  where t h e  a t t e n u a t i o n  i s  more o r  l e s s  

i ndependen t  o f  t h e  f r e q u e n c y ,  t h e  a t t e n u a t i o n  i s  p r o b a b l y  

p r i m a r i l y  t h e  r e s u l t  o f  r e f r a c t i v e  e f f e c t s .  On t h e  o t h e r  

hand, a t t e n u a t i o n s  wh ich  a r e  f r e q u e n c y  dependent a r e  

b e l i e v e d  t o  be p r i m a r i l y  a consequence o f  s i g n a l  a b s o r p t i o n  

( R e f .  16). 

A c r o s s  c o r r e l a t i o n  between t h e  t e l e m e t r y  s i g n a l  

a t t e n u a t i o n s  and c o r r e s p o n d i n g  ELF s p e c t r a l  o b s e r v a t i o n s  

w i  I I e s t a b l i s h  t h e  cause o f  t h e  obse rved  t e l e m e t r y  a t t e n u -  

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

r e d u c i n g  a t t e n u a t i o n s  o f  t e l e m e t r y  t r a n s m i s s i o n .  T h i s  d u a l  

f r e q u e n c y  r a n g e  approach i s recommended a s  an e f f i  c i  ent 

method f o r  t h e  development o f  improved  t e l e m e t r y  and 

communi c a t  i o n s  procedures .  

4.4 Noi se and F i e l d  I n t e n s i t y  Measurements 

O b s e r v a t i o n s  w e r e  conducted  b y  p e r s o n n e l  of  i v ia r t i  n 

Company a t  O r l a n d o  d u r i n g  H i g h  d a t e r  I L x p e r i m e n t ,  e m p l o y i n g  

an  Emp i re  Dev ices ,  I nc . ,  model idF-105 l i o i s e  and F i e l d  

I n t e n s i t y  i i e t e r .  T h i s  i n s t r u m e n t  was a l t e r n a t e d  between 

two  o p e r a t i o n a l  modes d u r i n g  t h e  t e s t .  iviode I r e c o r d e d  a 
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4,4 No ise  and F i e l d  I n t e n s i t y  hleasurements ( c o n t ' d )  

q u i e t  3 kc /sec  band c e n t e r e d  a t  1 5  kc/sec,  and Mode I 1  

r e c o r d e d  t h e  s t r e n g t h  o f  t h e  18 kc /sec  ui'iN c a r r i e r .  The 

d a t a  f o r  ivlode I ( r e p o r t e d  by Mr. IVm. C l a r k e )  a r e  g i v e n  

i n  T a b l e  4.2 f o r  t h e  n o i s e  a t  1 5  kc /sec  and t h e  s i g n a l  

s t r e n g t h s  o f  t h e  1 8  kc/sec YWV c a r r i e r  a r e  r e c o r d e d  i n  

T a b l e  4.3 (Hef .  1 7 ) .  

TABLE 4.2 

A m p l i t u d e  o f  3 kc /sec  band c e n t e r e d  a t  1 5  kc /sec  

i ln i  versa1 Time 

14002 

1401 

1402 

1403 

1404 

1405 

1406 

1407 

S i g n a l  L e v e l  
db above 1 v/meter/mc/sec 

114 

114 

118  ( b i a s  e r r o r  

132 t o  be + 2db. 
e s t  i mated 

fleadi "4 a c c u r a c y  
+ l d b .  147 - 

147 

115 

114 

I t  was r e p o r t e d  t h a t  t h e  s i g n a l  a m p l i t u d e s  a t  15 

kc /sec  rema ined  c o n s t a n t  a t  114 v/m/mc/sec f o r  an 

a d d i t i o n a l  f i v e  ( 5 )  m i n u t e s  a f t e r  14072 ( t h e  i n s t r u m e n t  

was t u r n e d  o f f  a t  1412Z), and t h a t  a number o f  " s p i k e s  i n  

t h e  s i g n a l  s t r e n g t h "  o f  the 18 kc /sec  ,iJ\;iV c a r r i e r  w e r e  

" o b s e r v e d  d u r i n g  t h e  p e r i o d  of e l e v a t e d  s i g n a l . "  
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4.4 , ! o i s e  a n d  F i e l d  I n t e n s i t y  Measurements ( c o n t ' d )  

TABLE 4.3 

S i g n a l  s t r e n g t h  o f  1 8  kc /sec  ' W V  c a r r i e r  
(36 i n  l o o p  an tenna)  

U n i v e r s a l  Time 

14002 

1401 

1402 

1403 

1404 

1405 

1406 

1407 

S i g n a l  S t r e n g t h  

39 

39 

39 

43 

45 

45 

39 

39 

db above 1 v/meter 

U n f o r t u n a t e l y ,  t h e  r e p o r t e d  data,whi ch  was c b t a i n e d  

b y  v i s u a l  o b s e r v a t i o n ,  l a c k s  s u f f i c i e n t  d e t a i l  t o  p e r m i t  

a d e t a i l e d  c o r r e l a t i o n  w i t h  t h e  d a t a  r e c o r d e d  a t  P a t r i c k  

A i r  F o r c e  Base. However, t h e r e  a r e  c e r t a i n  a s p e c t s  w h i c h  

appear  p e r t i n e n t .  I t  i s  presumed t h a t ,  i n  b o t h  t h e  

1 5  kc /sec  and  t h e  1 8  kc /sec  o b s e r v a t i o n s ,  t h e  i n c r e a s e  i n  

t h e  s i g n a l  l e v e l s  r e p o r t e d  f o r  1403Z o c c u r r e d  a f t e r  t h e  

w a t e r  r e l e a s e  (1403:16.62). O t h e r w i s e ,  a c o n s i d e r a b l e  

r e v i s i o n  o f  t h e  i n t e r p r e t a t i o n  w o u l d  be r e q u i r e d .  

The i n c r e a s e  i n  t h e  s i g n a l  l e v e l  a t  1 5  kc /sec  f r o m  

114 db a t  14012 t o  118 d b  a t  14022 may o r  may n o t  be 

s i g n i f i c a n t .  A p o r t i o n  o f  t h i s  i n c r e a s e  may b e  due t o  
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t h e  t r a n s i t  o f  t h e  v e h i c l e  t h r o u g h  a non -un i fo rm l o w e r  

i o n o s p h e r e  ( l i d  11).  The i n c r e a s e s  f r o m  118 db a t  14022, 

t o  132 db a t  1403Z, and t h e n  t o  147 db a t  14042, w e r e  i n  

I accordance w i t h  e x p e c t a t i o n s ,  based on t h e  n o i  se r e c o r d i n g s  

I o b t a i n e d  a t  P a t r i c k  A i r  F o r c e  Base, s i n c e  i t  was e v i d e n t  

I t h a t  t h e  wa te r  r e l e a s e  was accompanied w i t h  an i n c r e a s e d  

e l e c t r i c a l  a c t i v i t y .  I t  i s  b e l i e v e d  t h a t  t h e  p e r s i s t e n c e  

o f  t h e  e l e v a t e d  s i g n a l  ( u n t i l  a t  l e a s t  1405 b u t  n o t  u n t i l  

14062) f o r  a l o n g e r  t i m e  t h a n  obse rved  e a r l i e r  i n  t he  

13.820 mc/sec t o  232.36 mc/sec. f requency range  i s  b e s t  

e x p l a i n e d  by t h e  a c c e l e r a t i o n  o r  d e c e l e r a t i o n  o f  charges.  

The n o t e d  t i m e  i n t e r v a l  does p r o v i d e  an a p p r o x i m a t i o n  f o r  

t h e  t i m e  d u r i n g  w h i c h  t h e  vapor  c l o u d  was expand ing  a s  a 

consequence o f  t h e  i n t e r n a l  " e x p a n s i v e  f o r c e s .  11 

11 I t  i s  n o t e d  t h a t  no s i g n a l  s p i k e s "  w e r e  r e p o r t e d  f o r  

t h e  15 kc /sec  o b s e r v a t i o n s .  I f  t h e r e  a c t u a l l y  w e r e  no 

s p i k e s ,  t h i s  f a c t  is a d d i t i o n a l  s u p p o r t  f o r  t h e  concept  

t h a t  no a c t u a l  e l e c t r i c a l  d i s c h a r g e s  f o l l o w e d  t h e  w a t e r  

r e  1 ease. 

A m p l i t u d e  v a r i a t i o n s  o f  t h e  18 kc /sec  v V W  c a r r i e r  

between 14022 and 14062 a r e  c o n s i d e r e d  t o  be a consequence 

o f  t h e  t t r e f l e c t i o n f t  o f  t h e  s i g n a l s  f r o m  t h e  expand ing  vapor  

c loud .  Due t o  t h e  l ack  o f  t i m i n g  i n f o r m a t i o n ,  t h e r e  i s  no 

way t o  a s c e r t a i n  whether  t h e  r e p o r t e d  " s p i k e s  i n  t h e  s i g n a l "  
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4.4 N o i s e  and F i  e l  a i n t e n s i t y  ivleasurements ( c o n t  ' d )  

c o r r e l a t e  w i t h  t h o s e  observed i n  t h e  232.46 mc/sec t o  

13.320 mc/sec f requency  range. T h i s  l a c k  o f  i n f o r m a t i o n  

i s  p a r t i c u l a r l y  u n f o r t u n a t e  s i n c e  i t  would have p r o v i d e d  

f u r t h e r  i n f o r m a t i o n  r e l e v a n t  t o  t h e  o c c u r r e n c e  o f  e l e c t r i c a l  

d i  scharges.  

d a r t i n - O r  ando employees Hi I l i a m  C la rke ,  C h a r l e s  ? d .  

N o r t h ,  and '%'iI iam Raymond m o n i t o r e d  t h e  t e s t  w i t h  a S t o d d a r d  

r e c e i v e r ,  Model PRki 1. A c o n t i n u o u s  r e c o r d i n g  o f  t h e  o b s e r v e d  

s i g n a l s  was made w i t h  t h i s  i n s t r u m e n t  f r o m  a p p r o x i m a t e l y  

13422 t o  1431+Z. I t  i s  n o t e d  t h a t  t h e  r e c e i v e r  g a i n  was 

i nc reased  j u s t  a f t e r  14142. 

The S t o d d a r d  r e c e i v e r  r e c o r d s  show l i t t l e  resemblance 

t o  t he  o t h e r  p a s s i v e  o b s e r v a t i o n s ,  P r i o r  t o  v e h i c l e  l i f t -  

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

b u t  r e l a t i v e l y  f e w  s h a r p  changes i n  t h e  s i g n a l  l e v e l  w e r e  

recorded.  J u s t  p r i o r  t o  l i f t - o f f ,  a n  i n c r e a s e  i n  t h e  s i g n a l  

l e v e l  was i n i t i a t e d .  The l e v e l  c o n t i n u e d  t o  i n c r e a s e  u n t i l  

s h o r t l y  a f t e r  l i f t  o f f .  Then a d e c r e a s i n g  t r e n d  deve loped,  

f o t  lowed by a l t e r n a t i n g  p e r i o d s  o f  i n c r e a s i n g  and d e c r e a s i n g  

s i g n a l  l e v e l s .  The observed s i g n a l  l e v e l  v a r i a t i o n s  show 

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

t h e  c o r r e l a t i o n s  a r e  so poor  t h a t  l i t t l e  s i g n i f i c a n c e  can b e  

a t t a c h e d  t o  t h e  conipari son. 

id0 s i g n i f ' i c a n t  variation i n  s i g n a l  l e v e l  was obse rved  

49 



4.4 N o i s e  and F i e l d  I n t e n s i t y  ivieasurements ( c o n t ' d )  

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

t r e n d  i n  t h e  s i g n a l  l e v e l  was b r i e f l y  h a l t e d .  One p o s s i b l y  

s i g n i f i c a n t  f a c t  was n o t e d  i n  t h i s  r e c o r d ;  j u s t  p r i o r  t o  

1406Z an  u n u s u a l l y  s h a r p  d r o p  i n  t h e  s i g n a l  l e v e l  o c c u r r e d .  

A f t e r  1406Z t h e  s i g n a l  l e v e l  dec reased  t o  a m i n i m u m  v a l u e  

and, excep t  f o r  b r i e f  p e r i o d s ,  rema ined  a t  t h i s  l e v e l  u n t i l  

t h e  r e c e i v e r  g a i n  was i n c r e a s e d  a t  14142. I ~ O  s i g n i f i c a n c e  

o f  t h e  s i g n a l  b e h a v i o r  a f t e r  14062 has  been e s t a b l i s h e d .  

4.5 S t a t i c  D i r e c t i o n  F i n d e r  Sys tem 

fhe  s t a t i c  d i r e c t i o n  f i n d e r  s y s t e m  s e a r c h e d  f o r  p u l s e s  

( a t  10 k c / s e c )  r e c e i v e d  s i m u l t a n e o u s l y  a t  P a t r i c k  A i r  F o r c e  

Yase and  a t  Andrews A i r  f o r c e  aase, and  o n l y  t h o s e  p u l s e s  

w h i c h  were r e c e i v e d  w i t h i n  0.02 seconds o f  each o t h e r  were 

c o n s i d e r e d  v a l i d .  A s i n g l e  such c o i n c i d e n c e  was r e p o r t e d  

a t  abou t  18 seconds (1406:1:3L) a f t e r  t h e  w a t e r  r e l e a s e  

(Johnson) .  

P a t r i c k  A i r  F o r c e  Base and  the  range  was 30-40 m i  l e s  

( t r i a n g u l a t i o n  method) .  A d i l i g e n t  s e a r c h  o f  t h e  n o i s e  

r e c o r d s  i n  t h e  v i c i n i t y  o f  1406:132 f a i l e d  t o  y i e l d  even 

a m i n o r  f l u c t u a t i o n  i n  t h e  s i g n a l  l e v e l s .  A check was a l s o  

made a t  T + 191 seconds range  t i m e ,  b u t  o n l y  n e g a t i v e  

r e s u l t s  were  o b t a i n e d .  T h i s  l a c k  o f  c o r r e l a t i o n  of  t h e  

10 kc /sec  b u r s t s  w i t h  t h e  h i g h e r  f r e q u e n c y  d a t a  s t r o n g l y  

s u q g e s t s  t h a t  t h e  observed p u l  se(  s )  w e r e  n o t  t h e  consequence 

The b e a r i n g  o f  t h e  s i g n a l  was abou t  31* f r o m  



4.5 S t a t i c  D i r e c t i o n  F i n d e r  System ( c o n t ' d )  

o f  an  e l e c t r i c a l  d i s c h a r g e .  I t  w o u l d  have been s u r p r i s i n g  

i f  a n  e l e c t r i c a l  d i s c h a r g e  had o c c u r r e d  some 175 seconds 

a f t e r  t h e  condensed phases o f  w a t e r  d i  sappeared. 



5.0 C o n c l u s i o n s  

Re I ease o f  a l i q u i d  i n t o  t h e  upper  reaches  o f  t h e  

a tmosphere  i n i t  i a t e s  a complex i n t e r d e p e n d e n t  s e r i  es o f  

p h y s i c a l  and chemica l  p rocesses .  L a b o r a t o r y  s i m u l a t i o n  

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

a s p e c t s  of such a r e l e a s e ;  however, i t  i s  d o u b t f u l  t h a t  

l a b o r a t o r y  e x p e r i m e n t s  can p o s s l  b l y  p roduce  e v e n  a g r o s s  

a p p r o x i m a t i o n  t o  r e a l  i o n o s p h e r i c  c o n d i t i o n s .  T h e  e j e c t i o n  

o f  l i q u i d s  i n t o  t h e  u p p e r  atmosphere i s  f e a s i b l e  w i t h  a 

number o f  advanced space e x p l o r a t i o n s  systems.  P r o j e c t  

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

t h e  e f f e c t s  o f  r e l e a s i n g  l i q u i d s  i n t o  t h e  i onosphere .  

S t u d i e s  o f  t h e  d a t a  a c q u i r e d  d u r i n g  P r o j e c t  H i g h  d a t e r  

g r a p h i c a l l y  i l l u s t r a t e  t h e  c o m p l e x i t y  o f  t h e  phenomena 

a s s o c i a t e d  w i t h  such a r e l e a s e .  T h e  a b s o l u t e  n e c e s s i t y  o f  

c a r e f u l  l y  i n t e g r a t e d  e x p e r i m e n t  d e s i  gn, adequa te  i n s t r u m e n l d -  

t i o n .  and, c o o r d i ~ a t i o n  o f  a l l  f a c t o r s  i n  t h e  a n a l y s i s  were 

a l s o  c l e a r l y  demonst ra ted .  I t  was d i s c o v e r e d  t h a t  t h e  

e f f e c t s  a r e  so  i n t e r d e p e n d e n t  t h a t  t h e  v a r i o u s  a s p e c t s  can 

n o t  be s u c c e s s f u l l y  a n a l y z e d  i n d e p e n d e n t l y  o f  each o t h e r .  

As m i g h t  be expec ted ,  t h e  r e s u l t s  o f  P r o j e c t  H i g h  vJater 

r e v e a l  s i g n i f i c a n t  i m p l i c a t i o n s  beyond t h e  s t a t e d  o b j e c t i v e s  

o f  t h e  program. Some o f  t h e  more i m p o r t a n t  i m p l i c a t i o n s  

d i s c o v e r e d  a r e  i n c l u d e d  i n  t h i s  summary. 
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R e s u l t s  f r o m  t h e  two H i g h  Water e x p e r i m e n t s  and f r o m  

l a b o r a t o r y  e x p e r i m e n t s  ( R e f ,  9 )  show a d e f i n i t e  model f o r  

t he  p h y s i c a l  p r o c e s s e s  t h a t  o c c u r  when l i q u i d s  a r e  r e l e a s e d  

i n t o  a r e g i o n  o f  r e d u c e d  p ressu re .  

Two c r i t i c a l  f a c t o r s  i n v o l v e d  i n  d e t e r m i n i n g  t h e  

p h y s i c a l  p rocesses  i n v o l v e d  a r e :  

1 .  The t e m p e r a t u r e s  o f  t h e  r e l e a s e d  m a t e r i a l ,  and  

2. The d i f f e r e n c e  between the vapor  p r e s s u r e  and 

t h e  a c t u a l  e x t e r n a l  p r e s s u r e .  

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

t e m p e r a t u r e  a t  wh ich  t h e  vapor  p r e s s u r e  o f  t h e  l i q u i d  i s  

equa l  t o  the  e x t e r n a l  p r e s s u r e  (Re f ,  18). When t h e  vapor  

p r e s s u r e  exceeds t h e  e x t e r n a  I p r e s s u r e ,  t h e  I i q u i  d immedi- 

a t e l y  s t a r t s  b o i l i n g .  S ince  b o i  l i n g  g e n e r a t e s  vapor ,  the 

vapor  p r e s s u r e  i n  t h e  v i c i n i t y  o f  t h e  l i q u i d  ( w i t h i n  t h e  

c l o u d )  i n c r e a s e s  r a p i d l y  w i t h  t i m e .  T h i s  change i n  phase 

p roduces  a c o r r e s p o n d i n g l y  r a p i d  r e d u c t i o n  i n  t h e  l i q u i d  

tempera tu re ,  Thi  s c o o l i n g  causes t h e  I i q u i  d drop I e t s  t o  

f r e e z e  a t  r a t e s  wh ich  a r e  f u n c t i o n s  o f  t h e  d r o p l e t  d i a m e t e r s  

( R e f .  19). The i n t e r n a l  t empera tu re  o f  a f r o z e n  d r o p l e t  

changes c o m p a r a t i v e l y  s l o w l y  because t h e  h e a t  c o n d u c t i o n  f s  

p o o r  i n  t h e  s o l i d  s t a t e .  A t  t hese  r e d u c e d  tempera tu res ,  

t h e  s a t u r a t i o n  vapor  p r e s s u r e  o f  t h e  s u p e r - c o o l e d  d r o p l e t s  

I s  g r e a t e r  t h a n  t h e  s a t u r a t i o n  vapor  p r e s s u r e  o f  a f r o z e n  

p a r t i c l e  a t  t h e  same tempera tu re  ( R e f .  20). F o l l o w i n g  such 
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an e x p l o s i v e  b o i l i n g  regime, the i c e  p a r t i c l e s  a r e  s u r r o u n d d  

by e n v i  ronrnenta I vapor p r e s s u r e s  g r e a t e r  t h a n  t h e i r  own 

s a t u r a t i o n  vapor  p ressu res .  T h e r e f o r e ,  c o n d e n s a t i o n  f r o m  

t h e  gaseous t o  t h e  s o l i d  s t a t e  occu rs ,  and  the  i c e  p a r t i c l e s  

grow a t  t h e  expense of the s u r r o u n d f n g  vapor .  Also,  a s  t h e  

I c e  p a r t i c l e s  grow, t h e  e n t i r e  c l o u d  c o n t i n u e s  t o  expand, 

r e s u l t i n g  i n  a c o n t i n u o u s l y  d e c r e a s i n g  e n v i r o n m e n t a l  vapor  

p r e s s u r e .  The vapor  p r e s s u r e  o f  t h e  system decreases  u n t i l  

t h e  p a r t i c l e s  e x p e r i e n c e  p r e s s u r e s  be low t h e i r  s a t u r a t i o n  

vapor  p r e s s u r e s .  The p a r t i c l e s  then s u b l i m e  d i r e c t l y  t o  

t h e  vapor  s t a t e .  

The i n i t i a l  p h y s i c a l  cond l  t i o n s  d e s c r i b e d  above were 

e v i d e n t  i n  t h e  H i g h  Water I data.  D u r i n g  t h e  f i r s t  400 

m i  l l f s e c o n d s  f o l l o w i n g  t h e  r e l e a s e ,  t h e  r e l e a s e d  w a t e r  was 

b o i l l n g  and  c l o u d  p a r t i c l e s  were a c c e l e r a t i n g  outward.  As 

t h e  i c e  p a r t i c l e s  formed, t h e  c loud  a c c e l e r a t i o n  dec reased  

w i t h  t i m e .  A t  t h e  same t fme,  t h e  o r i g i n a l  b o i l i n g  g e n e r a t e d  

v i o l e n t  dynamic c o n d i t i o n s  w i th in  t h e  c loud .  The r e s u l t i n g  

i n t e r n a l  t u r b u l e n c e  tended  t o  mask t h e  i n c r e a s e s  and dec reases  

i n  r a d i a l  a c c e l e r a t i o n s .  By c o m b i n i n g  d a t a  from two loca -  

t i o n s  some o f  t h e  t u r b u l e n c e  e f f e c t s  can be e l i m i n a t e d  and  

the  r a d i a l  a c c e l e r a t i o n  components can be obse rved  more 

c l e a r l y .  D a t a  from the H i g h  Water 11 t e s t  was n o t  a c q u i r e d  

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

f r e e z i n g  on t h e  c l o u d  mot ion.  
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L a b o r a t o r y  exper fmen ts  have shown t h a t  I i qui  ds r e l e a s e d  

a t  v e r y  l ow  p r e s s u r e s  follow t h e  above d e s c r i b e d  r e g i m e  o f  

p h y s i c a l  p r o c e s s e s  ( R e f .  9 ) .  L a b o r a t o r y  exper imen ts  have, 

d i s c l o s e d  ev idence  o f  a p e r t u r b a t i o n  wave t h a t  t r a v e l s  o u t -  

ward w i t h  the v e l o c i t y  o f  t h e  i n i t i a l  l i q u i d  expansion.  The 

f a c t  t h a t  r e t a r d a t i o n  o f  t h e  i o n o s p h e r i c  E, c o n d i t i o n  was 

obse rved  a t  t h e  time o f  t h e  w a t e r  r e l e a s e  i s  c o n s i d e r e d  t o  

be ev idence  o f  such a p e r t u r b a t i o n .  

Maximum expansfon  v e l o c i t i e s  o f  t h e  i c e - w a t e r  c l o u d  

f o r  t h e  H i g h  Water I and t h e  H i g h  Water I 1  e x p e r i m e n t s  a r e  

shown I n  T a b l e  5.1. 

TABLE 5.1 

tvlaxirnum Expans ion  Rate o f  Ice-Water  C loud 

H i  h Water II** 
Qkm/seC) 

H i  h Water I* 
S t r u c t u r e  qkm/sec I 
Si deward S p i k e  2.53 3.60 

Genera I CI oud 1.83 1.83 

C l o u d l e t  1.83 1.83 

* 105 km above sea l e v e l  

** 165 km above sea l e v e l  

Two f a c t s  must  be c o n s i d e r e d  i n  compar ing  t h e  e x p a n s i o n  

v e l o c i t i e s  o f  t h e  two c louds .  These f a c t s  a r e :  

1 ,  I n  H i g h  Water i ,  t h e  44,000 k g  of w a t e r  i n  t h e  

second stage,  i n  a d d i t i o n  t o  t h e  q u a n t i t y  t h a t  

escaped th rough  t h e  p o r t s  fn t h e  t h i r d  s tage,  was 

r e l e a s e d  suddenly,  w h i l e  i n  H i g h  Water I 1  t h e  
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t h e  e n t i r e  86,000 k g  o f  w a t e r  was sudden ly  r e l e a s e d .  

2, The amb ien t  c o n d i t l o n s  i n t o  wh ich  t h e  w a t e r  was 

r e l e a s e d  w e r e  q u i t e  d i f f e r e n t  i n  t h e  two e x p e r i -  

ments, a s  shown I n  Tab le  5.2 (Ref .  21) .  

TABLE 5.2 

Atmospher i  c P r o p e r t i e s  

A l t i t u d e  P r e s s u r e  Number Mol ecu I a r  
(mm H q )  Dens f t y  Weiqh t  

( n / m  . . , . . . , 

105 5 ~ 1 0 ' ~  28.85 

27.90 165 2.5x10- 16 2x10 6 

C o n s i d e r a t i o n  o f  t h e s e  f a c t s  e x p l a i n s  why t h e  w a t e r  r e l e a s e d  

a t  165 k m  d i s s i p a t e d  much more r a p i d l y  t h a n  t h a t  r e l e a s e d  a t  

105 km. T h i s  r e s u l t  was obse rved  when d a t a  f r o m  t h e  two 

o p e r a t i o n s  w e r e  compared. The c l o u d  fo rmed  i n  H i g h  Water  I 

r e q u i  r e d  abou t  t e n  (10) seconds t o  o p t i c a l  l y  dt  sappear,  

w h i l e  t h e  H i g h  Water I1 c l o u d  was v i s i b l e  f o r  o n l y  a p p r o x i -  

m a t e l y  f i v e  ( 5 )  seconds. 

R e s u l t s  f r o m  t h e  H i  gh Water e x p e r i m e n t s  r a i s e s  g r a v e  

doub ts  o f  t h e o r i  es  p r o p o s i n g  t h e  e x i s t e n c e  o f  a c c u m u l a t i o n s  

o f  i c e  i n  space. For  any q u a n t i t y  o f  i c e  t o  e x i s t ,  one o f  

two  i m p r o b a b l e  c o n d i t i o n s  would be r e q u i r e d :  1 )  e x t r e m e l y  

low amb ien t  t empera tu re  a t  t h e  space l o c a t f o n  when t h e  

f o r m a t i o n  occu r red ,  o r ,  2)  f o r m a t i o n  i n  a h igh g r a v i t y  

env i ronmen t ,  f o l l o w e d  by c o o l f n g  t o  an e x t r e m e l y  l o w  

t e m p e r a t u r e  p r i o r  t o  r e l e a s e  t o  a low p r e s s u r e  env i ronment .  
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Three p a r t i c u l a r  t h e o r i e s  o f  t y p e s  o f  " i c e  i n  space" 

t o  wh ich  P r o j e c t  H i g h  Water d a t a  a r e  d i r e c t l y  a p p l i c a b l e  

a r e :  

1. N o c t i l u c e n t  c louds ,  

2. I c e  on t h e  moon, 

3. I c e  t h e o r y  o f  comets. 

N o c t i l u c e n t  c l o u d s  a r e  r a r e ,  c i r r u s - l i k e ,  s i l v e r y  c l o u d s  

wh ich  have been obse rved  a t  h e i g h t s  as g r e a t  a s  82 km 

( R e f .  22). These c l o u d s  o c c u r  a t  h i g h  l a t i t u d e s  and a r e  

v i s i b l e  only a f t e r  sundown b u t  w h i l e  t h e  c l o u d  1s s t i l l  

i n  t h e  s u n l i g h t .  

c l o u d s  i s  t h a t  t h e y  a r e  composed o f  i c e  p a r t i c l e s .  Since 

t h e  amb ien t  p r e s s u r e  a t  an a l t i t u d e  o f  82 km i s  of t h e  o r d e r  

o f  6 ~ 1 0 ' ~  mm Hg (Ref .  21) ,  t h e  maximum t e m p e r a t u r e  p o s s i b l e  

f o r  t h e  e x i s t e n c e  of i c e  p a r t i c l e s  ( f e e . ,  t h e  s u b l i m a t i o n  

t e m p e r a t u r e )  i s  a b o u t  -6O0C(2l3 'K) .  

t e m p e r a t u r e  o f  p a r t i c l e s  i s  s i z e  dependent, t h e  m i n i m u m  

t e m p e r a t u r e  a t  wh ich  s u p e r c o o l e d  w a t e r  can e x i s t  i s  a b o u t  

-40' (233OK). A c c o r d i n g l y ,  the  most  p r o b a b l e  mode of  

f o r m a t i o n  o f  an i c e  p a r t i c l e  a t  82 km a l t i t u d e  i s  by d i r e c t  

c o n d e n s a t i o n  f rom t h e  vapor s t a t e  t o  t h e  s o l i d  s t a t e .  A t  

82 km, t h e  k i n e t i c  t e m p e r a t u r e  i s  -107°C(1660K). ( R e f .  21). 

T h e r e f o r e ,  if t h e  t o t a l  ambien t  p r e s s u r e  w e r e  due t o  w a t e r  

vapor,one gram o f  wa te r  vapor  wou ld  occupy a volume o f  

One o f  t h e  p r o p o s e d  e x p l a n a t i o n s  f o r  t h e s e  

A I  though t h e  f r e e z i n g  

1000 Ed 3 . The p a r t i a l  p r e s s u r e  o f  w a t e r  a t  82 km 1s p r o b a b l y  
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no g r e a t e r  t h a n  lom4 rnm o f  Hg, t h e r e f o r e ,  t h e  volume 

i n v o l v e d  I s  p r o b a b l y  i n  excess o f  60,000 M 3 . With a mean 

f r e e  p a t h  o f  t h e  o r d e r  o f  10°3M, t h e  a c c u m u l a t i o n  o f  an 

a p p r e c i a b l e  amount o f  wa te r  ( i c e )  a t  any one l o c a t i o n  w o u l d  

be e x t r e m e l y  d i f f i c u l t ,  T h e r e f o r e ,  i t  i s  c o n c l u d e d  t h a t ,  

if t h e  n o c t i l u c e n t  c l o u d s  a r e  composed o f  i c e  p a r t i c l e s ,  

t h e s e  p a r t i c l e s  must  be e x t r e m e l y  m i n u t e .  

I t  has  been p roposed  t h a t  b u l k  w a t e r  may e x i s t  on  t h e  

moon w i t h i n  a p o r o u s  s t r u c t u r e  ( R e f .  23) .  P r o j e c t  H i g h  

Water r e s u l t s  p r o v i d e  p a r t i c u l a r l y  c o n v i n c i n g  r e a s o n s  t o  

doubt  t h i s  concept ,  Numerous e f f o r t s  have been made t o  

e v a l u a t e  the d e n s i t y  o f  t h e  l u n a r  atmosphere. One o f  t h e  

w i d e l y  a c c e p t e d  v a l u e s  i s  some 10'13 o f  t h e  s e a - l e v e l  

d e n s i t y  o f  t h e  e a r t h ' s  a tmosphere (Ref .  24). I t  f o l l o w s  

t h a t  t h e  e q u i  I f b r l u m  t e m p e r a t u r e  a t  t h e  amb ien t  p r e s s u r e  

o f  t h e  l u n a r  s u r f a c e  i s  much lower  t h a n  t h e  measured 

t e m p e r a t u r e s  e x i s t i n g  there ,  and any l u n a r  w a t e r  n o t  

c h e m i c a l l y  bound wou ld  d i s s i p a t e  a s  r a p i d l y  as, and i n  a 

manner ana logous  to,  t h a t  obse rved  w f  th  P r o j e c t  H i  gh Water 

r e l e a s e s .  I n  o r d e r  for any b u l k  l u n a r  w a t e r  exposed t o  t h e  

l u n a r  a t m o s p h e r i c  c o n d i t i o n s  t o  rema in  f o r  any a p p r e c i a b l e  

p e r i o d  o f  t ime ,  i t s  t e m p e r a t u r e  w o u l d  have t o  be m a i n t a i n e d  

a t  abou t  -150°C ( l 2 3 O K ) .  The m i n i m u m  o b s e r v e d  n i g h t  t i m e  

t e m p e r a t u r e  o f  the moon's su r face  i s  b a r e l y  be low t h e  
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r e q u i r e d  v a l u e  (d.h. ,  -157°C o r  116OK), w h i l e  t h e  day t i m e  

t e m p e r a t u r e  i s  v e r y  much h i g h e r  (d. h., 

( R e f .  25). Even f f  t h e  l u n a r  age i s  t a k e n  t o  be l e s s  t h a n  

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

t h e  moon a r e  c o n s i d e r e d  t o  be remote.  

101OC o r  3 7 4 O K )  

A p r e l i m i n a r y  e v a l u a t i o n  o f  t h e  " i c e  t h e o r y  on  comets" 

(Ref .  2 6 )  has  been made i n  v iew  o f  t h e  P r o j e c t  H i g h  Water 

e x p e r i m e n t a l  r e s u l t s .  One o f  t h e  i m p o r t a n t  c h a r a c t e r i s t i c s  

o f  a comet is t h e  e x t r a o r d i n a r y  t e n u i t y  ( R e f .  27). The 

f a c t  t h a t  the n u c l e u s  o f  a comet does n o t  s u f f e r  an a p p r e c i -  

a b l e  decrease i n  mass a t  a p e r i h e l i o n  o f  500,000 km f r o m  t h e  

sun and a s u r f a c e  tempera tu re  o f  4500'K ( R e f .  26) i s ,  a t  bes t ,  

d i f f i c u l t  t o  e x p l a i n  i f  t h e  one o f  t h e  p r i m a r y  c o n s t i t u e n t s  

i s  i c e .  The escape v e l o c i t y  o f  a w a t e r  m o l e c u l e  f rom a 

comet w o u l d  be v e r y  low (e.g., t h e  escape v e l o c i t y  o f  a 

w a t e r  m o l e c u l e  f rom the  s u r f a c e  o f  t h e  moon i s  o n l y  2.4 

km/sec (Ref .  28)). 

square  v e l o c i t y  o f  a gaseous w a t e r  m o l e c u l e  i s  0.24 km/sec 

( R e f .  2 9 ) .  Therefore,  i n  v iew  o f  t h e  sma l l  mass o f  a comet, 

w a t e r  m o l e c u l e s  wou ld  r a p i d l y  escape f r o m  t h e  s u r f a c e  o f  

t h e  comet nuc leus .  T h e o r e t i c a l  c a l c u l a t i o n s  i n d i c a t e  t h a t  

p a r t i c l e s  i n  t h e  t a i  I o f  a comet have r a d f  i o f  l e s s  t h a n  

A t  a t e m p e r a t u r e  o f  50°K, t h e  r o o t  mean 

10.' cm. 

i s  o n l y  loo4, an i c e  p a r t i c l e  i n  a comet 93,000,000 m i l e s  

f r o m  t h e  sun wou ld  absorb  more t h a n  a s u f f i c i e n t  amount o f  

Even i f  t h e  a b s o r p t i o n  c o e f f i c i e n t  o f  i c e  p a r t i c l e s  
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ene rgy  t o  v a p o r i z e  i t ,  s i n c e  t h e  s o l a r  c o n s t a n t  ( a t  t h e  

e a r t h )  i s  1.94 cal/cm2/min. ( R e f .  3 0 ) .  These c o n s i d e r a t i o n s  

c a s t  c o n s i d e r a b l e  doubt  on t h e  ' ' i c e  t h e o r y  of  comets." 

A d d i t i o n a l  e x p e r i m e n t a l  s t u d i e  o f  t h e  b e h a v i o r  of  i c e  i n  

reduced  p r e s s u r e  env i ronmen ts  w o u l d  p r o v i d e  t h e  r e q u i  s i t e  

knowledge t o  a d e q u a t e l y  e v a l u a t e  t h e  concept  o f  i c e  i n  

comets. 

5.2 I o n o s p h e r i c  E f f e c t s  

Re lease o f  t h e  b a l l a s t  w a t e r  of t h e  A a t u r n  v e h i c l e s  

p roduced  a s u b s t a n t i a l  m o d i f i c a t i o n  o f  t h e  c o m p o s i t i o n  o f  t h e  

i o n o s p h e r e  i n  t h e  v i c i n i t y  o f  t h e  r e l e a s e .  T h e  e f f e c t s  of  

t h i s  c o m p o s i t i o n  change w e r e  f o u n d  t o  be l a r g e l y  d i s s i p a t e d  

i n  a r e l a t i v e l y  s h o r t  d i s t a n c e .  - T h i s  was e v i d e f i c e d  t y  t h e  

f a c t  t h a t  o n l y  a m i n o r  change was caused i n  t h e  ionosonde 

o b s e r v a t i o n s  per fo rmed a t  Cape Kennedy and a t  Grand 3ahama 

I s l a n d .  On t h e  o t h e r  hand, i t  was observed  t h a t  t h e  r e l e a s e  

produced a p e r t u r b a t i o n  wave w h i c h  p r o p a g a t e d  a t  a v e l o c i t y  

o f  t h e  o r d e r  of 3 km/sec. The P r o j e c t  h i g h  d a t e r  d a t a  

suggest  t h a t  t h e  energy c o n t e n t  o f  t h e  i o n o s p h e r e  may be 

o f  g r e a t e r  s i g n i f i c a n c e  t h a n  i t s  c o m p o s i t i o n .  

E v i  dence o f  i nhomogenei t i  es i n t h e  i o n o s p h e r e  has  been 

o b t a i n e d  f r o m  a v a r i e t y  o f  sources.  P r o j e c t  H i g h  d a t e r  d a t a  

adds cons! d e r a b l  E e v i  dence t h a t  i onospher i  c i nhomogenei t i  e s  

a r e  o r e s e n t ,  and t h a t  t h e  i nhomogenei t i es cause d e g r a d a t i o n  

of  t e l e m e t r y  and r a d a r  t r a n s m i s s i o n s .  Such d e g r a d a t i o n  o f  
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e l e c t r o m a g n e t i c  s i g n a l s  by i o n o s p h e r i c  i n h o m o g e n e i t i e s  was 

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

second r e l e a s e  e x p e r i m e n t  ( R e f .  6). A s t r i k i n g  s i m i l a r i t y  

was n o t e d  i n  t h e  r a d a r  and t e l e m e t r y  e f f e c t s  o b s e r v e d  a f t e r  

t h e  SA-3 v e h i c l e  t r a v e r s e d  t h e  E - l a y e r  and those  p r o d u c e d  

by t h e  H i g h  Water vapor  c l o u d  inhomogene i ty .  T h i s  s i m i l a r i t y  

i s  c o n s i d e r e d  t o  be s t r o n g  ev idence  t h a t  t h e  o b s e r v e d  E - l a y e r  

a t t e n u a t i o n s  w e r e  a consequence of inhomogenei ti es i n  the 

Ionosphere .  

5.3 E l  e c t r i  c a l  Phenomena 

Re lease o f  w a t e r  into t h e  i onosphere  p roduced  d e f i n i t e  

e l e c t r i c a l  e f f e c t s .  The e l e c t r o m a g n e t i c  n o i s e  o b s e r v a t i o n s  

c l e a r l y  demons t ra ted  an i n c r e a s e d  e l e c t r i c a l  a c t i v i t y .  The 

bulk of t h e  e l e c t r i c a l  a c t i v i t y  g e n e r a t e d  appears  to have 

been a consequence o f  a c c e l e r a t i o n  and/or dece l  e r a t f o n  o f  

charges.  S i g n a l s  t h a t  w e r e  o b t a i n e d  a t  5.5 rnc I n  H i g h  Water 

I 1  e x p e r i m e n t  ( R e f .  6), a r e  b e l i e v e d  t o  be r e l a t e d  t o  t h e  

gy romagne t i c  m o t i o n  o f  e l e c t r o n s .  

No ev idence  was found  wh ich  would s u p p o r t  the  p r o p o s a l  

t h a t  " l i g h t n i n g - l i k e "  e l e c t r i c a l  d i s c h a r g e s  o c c u r r e d  i n  t h e  

w a t e r - i c e - v a p o r  c loud .  On t h e  b a s i s  of e x i s t i n g  da ta ,  i t  

i s  b e l i e v e d  t h a t  no a c t u a l  e l e c t r i c a l  d i s c h a r g e s  o c c u r r e d .  

I f  so, t h i s  i s  a h i g h l y  s i g n i f i c a n t  f a c t .  Charge s e p a r a t i o n  

c e r t a i n l y  was t o  b e  expected;  however,  i t  appears  t h a t  t h e  

cha rge  c e n t e r s  w e r e  s u f f i  c i  e n t  I y removed f r o m  one a n o t h e r  

t h a t  a d i s c h a r g e  d i d  not  o c c u r  ( S e e  Appendix  0 ) .  
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P r o j e c t  H i g h  Water and a s s o c i a t e d  l a b o r a t o r y  e x p e r i m e n t s  

have p roduced  r e s u l t s  t h a t  have i m p o r t a n t  a p p l i c a t i o n s  t o  

space e x p l o r a t i o n .  The prob lems t o  wh ich  t h e s e  r e s u l t s  

a p p l y  can be c h a r a c t e r i z e d  i n t o  t h r e e  genera l  a r e a s :  

1 ,  E x i s t e n c e  o f  i c e  i n  space, 

2. C o n d i t i o n s  a s s o c i a t e d  w i th  an a b o r t ,  

3. Communicat ions and t e l e m e t r y  p rob lems.  

I n  each o f  t h e s e  a r e a s  new e x p e r i m e n t a l  d a t a  w e r e  o b t a i n e d  

f r o m  the H i g h  Water p r o j e c t .  

As d e s c r i b e d  above, the f a c t  t h a t  t h e  H i g h  Water exper f -  

ments  demons t ra ted  very  r a p i d  d i  s s i p a t f o n  and d i sappearance  

o f  the i c e  c l o u d s  c a s t s  c o n s i d e r a b l e  d o u b t  on  t h e o r i e s  

assuming t h e  e x i s t e n c e  o f  i c e  i n  space. 

e x i s t i n g  i n  space must  have been c o o l e d  ( o v e r  a l o n g  p e r i o d  

o f  t i m e )  t o  a v e r y  low t empera tu re  b e f o r e  the amb ien t  p r e s s u r e  

was reduced. Under t h e  c o n t i n u a l  i n f l u e n c e  o f  r a d i a t i o n  f r o m  

t h e  sun, t h e  w a t e r  m o l e c u l e s  wou ld  g a i n  energy  and r a p i d l y  

d i s s i p a t e  i n t o  space. 

Any q u a n t i t y  o f  i c e  

C o n d i t i o n s  a s s o c i a t e d  wi th  a p o t e n t f  a l  a b o r t  w e r e  

demons t ra ted  by t h e  H i g h  Water p r o j e c t .  I f  an a s t r o n a u t  

were enve loped w i t h i n  the expand ing  c l o u d  f r o m  an a b o r t  h e  

wou ld  e x p e r i e n c e  an env i ronmen t  s i m i  l a r  t o  t h a t  p roduced  by 

the H i g h  Water exper iment .  D u r i n g  t h e  e v a p o r a t i o n  and 

sub1 i r n a t i o n  reg imes,  t h e  t e m p e r a t u r e  o f  h i s  e n v i  ronment 
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w i  I I  be sudden ly  and d r a s t i c a l l y  r e d u c e d  ( R e f .  6 , 9 ) .  I f  he 

w e r e  o u t s i d e  the v e h i c l e  a t  t h e  t i m e  o f  a r e l e a s e ,  h e  w o u l d  

e x p e r i e n c e  a p e r t u r b a t i o n  wave such as  was e v i d e n t  i n  t h e  

l a b o r a t o r y  exper imen ts  ( R e f .  9) .  

appeared t o  be a s s o c i a t e d  w i th  t h e  H i g h  Water I o p e r a t i o n .  

The c l o u d  r e s u l t i n g  f r o m  an a b o r t  w o u l d  a l s o  cause t e l e m e t r y  

and r a d i o  d r o p o u t s  ( R e f .  6). I f  an a b o r t  s h o u l d  r e s u l t  i n  

t h e  r e l e a s e  o f  f u e l s  and o x i d i z e r s ,  t h e  e n s u i n g  t u r b u l e n c e  

wou ld  p roduce  m i x i n g  and wou ld  t h e r e f o r e  i n c r e a s e  t h e  f i r e  

hazard .  

A s i m i  l a r  p e r t u r b a t i o n  wave 

Communfcatfon a t t e n u a t i o n s  a r e  caused by i n t e r a c t i o n  

o f  the  e l e c t r o m a g n e t i c  s i g n a l s  w i t h  i n h o m o g e n e i t i e s  I n  t h e  

atmosphere. P r o j e c t  H igh  Water p r o v f  ded a s y n t h e t i  c inhomo- 

g e n e i t y  w i t h i n  t h e  ionosphere .  U n f o r t u n a t e l y ,  a l m o s t  no 

t e l e m e t r y  s i g n a l s  w e r e  r e c e i v e d  a f t e r  t h e  w a t e r  r e l e a s e  i n  

the H i g h  Water I exper iment .  However, b o t h  t e l e m e t r y  and  

r a d a r  r e t u r n s  f o l l o w i n g  the  H i g h  Water I 1  r e l e a s e  showed t h e  

e f f e c t s  o f  the  i n d u c e d  i n h o m o g e n e i t i e s .  These e f f e c t s  were 

s t r i k i n g l y  s i m i l a r  t o  e f f e c t s  t h a t  have been o b t a i n e d  as  a 

l aunch  v e h i c l e  passes  t h r o u g h  r e g i o n s  o f  t h e  ionosphere .  

Thus, t h e  H i g h  Water d a t a  appears  t o  c o n f i r m  t h e  c o n c e p t  

o f  n a t u r a l  l y  o c c u r r i n g  i n h o m o g e n e i t i e s  w i t h i n  t h e  i onosphere .  

5.5 F u r t h e r  Exper imen ts  

IJh i  l e  t h e  P r o j e c t  H i g h  Water e x p e r i m e n t s  have p r o v i d e d  

some e x c e l l e n t  d i r e c t  d a t a  c o n c e r n i n g  s e v e r a l  p h y s i c a l  
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phenomena i m p o r t a n t  t o  space e x p l o r a t i o n s ,  t h e r e  i s  a v e r y  

g r e a t  need f o r  a d d i t i o n a l  data.  There is a p a r t i c u l a r l y  

p r e s s i n g  need f o r  da ta  necessary  t o  more c o m p l e t e l y  a n a l y z e  

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

on communicat ions.  For  example, f u r t h e r  e x p e r i m e n t a t i o n  

s h o u l d  be des igned  t o  o b t a i n  t h e  maximum i n f o r m a t f o n  con- 

c e r n i n g  the f r e q u e n c y  e f f e c t  o f  a s y n t h e t i c a l  l y  i n d u c e d  

inhomogene i t y  i n  the  ionosphere.  One approach t o  such an 

e x p e r i m e n t  i s  o u t l i n e d  below. 

A s e r i e s  o f  H i g h  Water t y p e  e x p e r i m e n t s  s h o u l d  be 

c a r r i e d  o u t  w i t h  w a t e r  r e l e a s e s  a t  d i f f e r e n t  a l t i t u d e s .  

These a l t i t u d e s  s h o u l d  range f r o m  40 km t o  400 km. The 

same q u a n t i t y  o f  w a t e r  s h o u l d  be r e l e a s e d  i n  each e x p e r f -  

ment. T h i s  a s p e c t  i s  e s s e n t i a l  i f  t h e  v a r i o u s  t e s t s  a r e  

t o  be d i r e c t l y  comparable. F o r  each t e s t  a t e l e m e t r y  p o d  

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

t i m e  i n t e r v a l .  b e f o r e  the w a t e r  f s  re leased .  T h i s  pod  s h o u l d  

be t r a n s m i t t f n g  on a t  l e a s t  f i v e  n a r r o w  band-wid th  f requen-  

c l  es. The f requency  e f f e c t  o f  t h e  i n d u c e d  inhomogenel t y  

c o u l d  then b e  a n a l y z e d  f r o m  t h e  r e s u l t i n g  da ta .  The r e l e a s e  

o f  t h e  t e l e m e t r y  pod must be t i m e d  so t h a t  i t  i s  a d i s t a n c e ,  

say 0 k i l o m e t e r s ,  f r o m  t h e  v e h i c l e  when the w a t e r  is r e l e a s e d ,  

b u t  c l o s e  enough t o  be enve loped  by t h e  c l o u d  b e f o r e  t h e  

c l o u d  d i s s i p a t e s .  

be a p p r o x i m a t e l y  t w o  ( 2 )  km, f o r  a r e l e a s e  o f  abou t  t h e  

The opt imum d i s t a n c e  0 i s  e s t i m a t e d  t o  
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same q u a n t i t y  o f  wa te r  under  the same g e n e r a l  l aunch  con- 

d i t i o n s  as  i n  H i g h  N a t e r  I and I 1  exper imen ts .  The neces- 

s a r y  phys f  c a l  d a t a  f n f o r r n a t i o n  c o n c e r n i n g  t h e  env i ronmen t  

and  the change i n  env i ronment  can be measured f r o m  t h e  

t e l e m e t r y  pod. 

L o c a t i o n  o f  g round r e c e f v i n g  s t a t i o n s  I s  o f  p a r t i c u l a r  

impor tance  t o  t h e  above exper iment .  S imul  taneous r e c e p t i o n  

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

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

o r i g i n  and t h e  r e c e i v e r .  I t  i s  v e r y  d e s i r a b l e  t h a t  some o f  

t h e  r a y - p a t h s  pass  t h r o u g h  t h e  c l o u d .  Oata a c q u i r e d  I n  t h i s  

manner w i l l  p r o v i d e  f u r t h e r  i n s i g h t  i n t o  t h e  t e l e m e t r y  

a t t e n u a t i o n  problem. Also,  d a t a  a c q u i r e d  i n  t h e  above de- 

s c r i b e d  manner w i  l l p r o v i d e  v a l u a b l e  i n f o r m a t i o n  f q r  d e s i g n  

o f  space -ea r th  communicat ion systems. 

One o f  the  a s p e c t s  i I l u s t r a t e d  by t h e  H i g h  Water e x p e r i -  

ments was t h e  a b i  l i t y  o f  ELF s p e c t r a l  d a t a  t o  p r o v i d e  f n f o r -  

m a t i o n  c o n c e r n f n g  the  i n t e r a c t i o n  between e l e c t r o m a g n e t i c  

s i g n a l s  f r o m  a l aunch  v e h i c l e  and i n h o m o g e n e i t i e s  i n  b o t h  

t h e  lower  atmosphere and t h e  i onosphere .  Thus, cons i  d e r a b l  e 

a d d i t i o n a l  v a l u a b l e  data c o n c e r n i n g  inhomogeneous r e g i o n s  

i n  t h e  i o n o s p h e r e  can be o b t a i n e d  b y  a c q u i s i t i o n  o f  b o t h  

a p p r o p r i a t e  ELF s p e c t r a l  d a t a  and t e l e m e t r y  s i g n a l s  d u r i n g  

t h e  passage o f  a v e h i c l e  t h r o u g h  t h e  ioqosphere .  ELF 

s p e c t r a l  d a t a  concerned w i t h  t e l e m e t r y  a t t e n u a t i o n  can 



5.5 Further Experiments (cont'd) 
be acquired from normal NASA launches. 

A program o f  cross-correlating ELF spectral data with 

telemetry data f r o m  launch operation will provide models o f  

inhomogeneous regions in the ionosphere that produce telemetry 

attenua ti on. 
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APPENDIX A 

I o n o s p h e r i c  C o n d i t i o n s  

M o l e c u l a r  d i s a s s o c i a t i o n s  p r o d u c e d  by t h e  a b s o r p t i o n  

o f  s o l a r  u l t r a - v i o l e t  and X-ray r a d i a t i o n  change t h e  

chemica l  and p h y s i c a l  c o m p o s i t i o n  o f  t h e  ionosphere .  Thus, 

t h e  w a t e r  r e l e a s e d  a t  d i f f e r e n t  a l t i t u d e  l e v e l s  w i l l  e x p e r i -  

ence d i f f e r e n t  amb ien t  c o n d i t i o n s .  Not  o n l y  does t h e  d e n s i t y  

o f  t h e  amb ien t  a tmosphere change w i t h  a l t i t u d e ,  b u t  t h e  

k i n e t i c  t e m p e r a t u r e  and t h e  mean m o l e c u l a r  w e i g h t  o f  t h e  

atmosphere a l s o  change:. A I  I o f  t hese  p e r t i n e n t  v a r i a b l e s  

must be c o n s i d e r e d  i n  any a n a l y s i s  o f  p h y s i c a l  phenomena i n  

t h e  ionosphere .  

A p r o f i l e  o f  t h e  mean c o n d i t i o n s  o f  t h e  i o n o s p h e r e  f s  

n o t  s u f f i c i e n t  t o  e x p l a i n  many o f  t h e  obse rved  phenomena. 

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  d e n s i t y  o f  t h e  c o n s t i t u e n t s  

may be a s  s f g n i f i c a n t  as t h e  v e r t i c a l  p r o f i l e .  

However, d e t a i  Is o f  h o r i z o n t a l  v a r i a t i o n s  a r e  v e r y  incom- 

p l e t e l y  known. With t h i s  l i m i t a t i o n  i n  mind, some ave rage  

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

a r e  p r e s e n t e d  i n  T a b l e  A be low ( R e f .  21). 

( R e f .  31).  



n 
M 

C 
U 

CI 

M < 
C 
v 

n 

E 
U 

c 
C 
I 
E 
E 
h 

c 
41 

0 
L 

r 

E 
1 
\ 



APPENDIX B 

O p t i c a l  I n s t r u m e n t a t i o n  

TABLE B ( R e f .  1 ) 

I n s t rumen ta L o c a t i o n  L e n s  F.L. Frames/Fi I m  
( i n . )  sec S i z e  

I GOR 
I GOR 
I GOR 
I GOR 
ROT I 
ROT1 
I G O R  

F a l s e  Cape 180 30 
W i  I I fams P o i n t  360 30 

30 
48 

Canova Beach 360 

20 
P a t r i c k  AFB 360 
Me1 bourne Beach 400 
Vero Beach 100 10 
GB I 180 10 

M- 45 West of l aunch  s i t e  
M- 45 West of l aunch  s i t e  
M i  t c h e l  I Camera Ve to  Beach 
Mf t c h e l  I Camera Vero  Beach 
M i t c h e l  1 Camera GB I 
M i  t c h e l  I Camera G B I  
S p e c t r a l  P o l a r i t a -  

t i o n  Recorde r  Jupf t e r  
S p e c t r a l  P o l a r i z a -  

t i  o n  Recorde r  GB I 
T-11 a e r o g r a p h i  c ( 3 )  i n  launch  a r e a  
Navy A3D a i r c r a f t  

a e r i a l  camera rno- Water r e  I ease a r e a  
t i o n  p i c t u r e  camera (3 )  i n  l aunch  a r e a  

Navy A 3 O  a i r c r a f t  
a e r i a l  camera mo- Water r e l e a s e  a r e a  
t i o n  p i c t u r e  camera 

U-2 a i r c r a f t  ( 2 )  
m o t i o n  p i c t u r e  Water  r e l e a s e  a r e a  
camera 

E x p e r i m e n t a l  a i r -  
c r a f t  m o t i o n  
p i c t u r e  camera 

KC-135 ( ramp)  a i r -  
c r a f t  m o t i o n  p i c -  
t u r e  camera 
M o t i o n  p l  c t u r e  camera 

CF-100 ( CARDE) 
a i r c r a f t  ( 4 )  m o t i o n  
p i c t u r e  cameras 

N A V Y  SHIP Water r e l e a s e  a r e a  
m o t i o n  p i c t u r e  camera 
m o t i o n  p i c t u r e  camera 

10 
20 
10 
20 
40 
10 

6 

6 
4 

36 
4 

6 
6 

6 

- 
20 

6 

- 
SO 

24 
24 
24 
24 
24 
24 

16 

16 
1 

- 
1 

I 

.I. 

... 

..) 

- 
48 

0 

70 mm 
70 rnm 
70 rnrn 
35 mm 
70 mrn 
70 mm 
70 mrn 
35 mm 
35 mm 
35 mm 
35 mm 
35 mm 
35 mm 

35 mm 

35 mm 
9 in. 

9 in .  

9 in.  

35 mm 

35 rnm 

16 mm 

35 mm 

35 mm 
16 mm 

35 mm 

16 mm 
16 rnm 

aIGOR-  I n t e r c e p t  Ground O p t i c a l  Recorder ,  YOTI - H e c o r d i n g  
O p t i c a l  T r a c k i n g  I n s t r u m e n t .  



APPENDIX C 

HYDRODYNAMI CS OF EXPAND1 NG LI QUI OS 

F o r m u l a t i o n  o f  a t h e o r y  f o r  l i q u i d  e x p a n s i o n  a t  reduced  

p r e s s u r e s  can be deve loped  f r o m  hydrodynarni e-thermodynami c 

c o n s i  d e r a t  i o n s .  T h i s  approach p r o v i  des an e x p r e s s i o n  f o r  

t h e  d e n s i t y  of t h e  expand ing  l i q u i d .  A number o f  phys i ' ca l  

p a r a m e t e r s  such as s u r f a c e  tempera ture ,  vapor  p r e s s u r e ,  

v i s c o s i t y ,  and i n i t i a l  d e n s i t y  a r e  r e l e v a n t  t o  t h e  expansion.  

F o r  t h e  i n i t i a l  f o r m u l a t i o n  o f  a t h e o r y  f o r  t h e  expans ion  o f  

l i q u i d s  a t  reduced  p ressu res ,  phase changes have been n e g l e c t e d .  

F u t u r e  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  s h o u l d  i n c o r p o r a t e  these  

i m p o r t a n t  e f f e c t s .  The a b i l i t y  o f  any d e n s i t y  e x p r e s s i o n  t o  

p r e d i c t  t h e  r a t e  o f  r a r e f a c t i o n  o f  a s p e c i f i c  l i q u i d  depends 

o n  t h e  v a l u e s  chosen f o r  t h e  above-ment ioned parameters .  

Cons ide r  a s p h e r i c a l  mass o f  f l u i d  i n i t i a l l y  a t  r e s t  i n  

A t  t i m e  t=O t h e  r e s t r a i n i n g  mem- a r e g i o n  of  z e r o  p ressu re .  

b r a n e  i s  i n s t a n t a n e o u s l y  removed, a1 l o w i n g  t h e  f l u i d  t o  expand 

i n t o  the evacuated  r e g i o n .  I t  i s  assumed f o r  reasons  o f  

s i m p l i c i t y  t h a t  t he  expans ion  i s  s p h e r i c a l l y  symmetr ic .  

V a p o r i z a t i o n  e f f e c t s  a r e  n e g l e c t e d ,  and t h e  expans ion  i s  

c o n s i d e r e d  a d i a b a t i c .  E u l e r ' s  e q u a t i o n  f o r  hydrodynamic  f l o w  

i s  

where 

p = p ( r ,  t )  d e n s i t y  

I - 70- 



A 
r = p o s i t i o n  v e c t o r  

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  

P = p r e s s u r e  o f  t h e  f l o w  

A 

The e q u a t i o n  o f  c o n t i n u i t y  f rom hydrodynamics  i s  

v 
E q u a t i o n  ( 2 )  r e p r e s e n t s  t h e  f l o w  t h r o u g h  a volume bounded 

by an  a r b i t r a r y  su r face  i n  t h e  f l o w  r e g i o n .  

f l o w  i s  due t o  t h e  expansion,  i t  i s  c e r t a i n l y  a n o n e q u i l i b -  

r i um event .  T h e r e f o r e ,  e q u a t i o n  ( 2 )  f o r  t h i s  p rob lem must 

S i n c e  t h e  f l u i d  

be  r e - i n t e r p r e t e d  as 

+r+v*(p?)  = -kp ( 3 )  

w h e r e  k i s  the  " g r o w t h  f a c t o r " .  I n s e r t i o n  o f  t h e  F i r s t  Law 

o f  Thermodynami cs g i  ves 

where 

Q = energy  added 

S = s p e c i f i  c h e a t  

T = a b s o l u t e  t e m p e r a t u r e  

P = p r e s s u r e  o f  t he  f l o w  

Fo r  an a d i a b a t i c  expansion,  Q=O and e q u a t i o n  ( 2 )  becomes 

dT d ( l /  P) ( 5 )  Q = O = S x +  P d t  

The d i v e r g e n c e  o f  a f u n c t i o n  i n  s p h e r i c a l  c o o r d i n a t e s  can 
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w h e r e  

r = r a d i u s  o f  a sphere  

C$= a z i m u t h  a n g l e  

6 = e l e v a t i o n  a n g l e  

F = f u n c t i o n  

A p p l y i n g  t h i s  concept  i n  e q u a t i o n  ( 2 ) ,  t h e  d i v (  p r )  f o r  

t h e  s p h e r i c a l  l y  symmet r i c  everit  i s  

1 d ( r2P i )  = T ( 2 r p F )  1 + 2 r i - d P  + p x  d ;  ( 7 )  
dr r r d r  v 4 p r ,  = 2  

f 

Now if (d P )/d r = p r  d u r i n g  t h e  i n i t i a l  phases o f  the 

expans ion ,  and d ;/d r = 0, then 

E q u a t i o n  ( 2 1 t h u s  becomes 

,$,.+ + P f + p k = 0 ( 9 )  

S o l v i n g  e q u a t i o n  ( 4 ) f o r  t h e  p r e s s u r e  and s e t t i n g  S - d T  - z 
d t -  

(10) 
- Z P  

cj ,* - P =  
d t  

The g r a d i e n t  o f  a f u n c t i o n  f i n  s p h e r i c a l  c o o r d i n a t e s  may be 

e x o r e s s e d  as 

where t h e  p's a r e  t h e  s p h e r i c a l  u n i t  v e c t o r s .  

g r a d i e n t  o f  P becomes 

Thus, t h e  

22 P2r 
v p -  

- i j  
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E q u a t i o n  ( 4 )  t h u s  becomes 

Assuming t h e  i n t r i n s i c  a c c e l e r a t i o n  o f  t h e  e x p a n s i o n  i s  

c o n s t a n t ,  s e t  0 

g = a  - -  dGr  
d t 2  

Add ing  e q u a t i o n s  ( 9 )  and ( 1 4 )  produces  

' O a + 2 Z p r +  + @ + F p r +  p k = O  

A p p l y i n g  the  B e r n o u l l i  s e p a r a t i o n  method and assuming t h e  

d e n s i t y  may be r e p r e s e n t e d  i n  a p r o d u c t  o f  a p o s i t i o n  

f u n c t i o n  and a t i m e  f u n c t i o n ,  then 

p = p ( r ,  t )  = R ( r )  T(t) 

( 1 5 )  

(16)  

D i  v i  d i  ng by RrTr 

o r  

C o n v e r t i n g  t o  t o t a l  d i f f e r e n t i a l  e q u a t i o n s  

l + a  7 x - p  t iT = o  

22 + 1 d R  2; 
~ + ~ + k + p  = o  

= 73- 



S o l v i n g  e q u a t i o n  ( 21 ) g i v e s  

22 + i. 
f i n a l l y  a s  

T = To exp A 
a + l  

e q u a t i o n s  ( 2 3 )  and ( 2 4 )  must be m u l t i p l i e d  t o g e t h e r  t o  

g i v e  
4 

k ( r - r , )  + ( r - q )  + 2 r ( 1 n  r - i n  r , >  (26) 
p = Po exp Et, - 22 - f - 

(23) I 

Expans ion  of a l i q u i d  w i t h  a sma l l  change i n  tempera tu re ,  

( t h a t  i s ,  w i t h  no phase change)wi I1 o c c u r  v e r y  r a p i d l y .  

v e r s e l y ,  h i g h  2 ( r a p i d  t e m p e r a t u r e  change) i m p l i e s  l a r g e  

changes i n  i n t e r n a l  energy,  thus caus i  ng s l o w e r  expansion.  

Con- 
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APPENDIX D 

Charqe S e p a r a t i o n  Processes  i n  
P r o  j e c t  H i  qh Water 

The P r o j e c t  H i g h  Water e x p e r i m e n t s  r e l e a s e d  w a t e r  

I n t o  an i o n i z e d  medium (See  Appendix  A ) .  E x p e r i m e n t a l  

s t u d i e s  have shown t h a t  d r o p l e t s  fo rmed  i n  t h e  p r e s e n c e  

o f  cha rged  p a r t i c l e s  become charged (Ref. 32). I n  t h e  

a n a l y s i s  o f  t h e  p h o t o g r a p h i c  da ta ,  i t  was f o u n d  t h a t  t h e  

maximum expans ion  v e l o c i t y  o f  t h e  c l o u d  was 1.83 km/sec. 

T h i s  e x p a n s i o n  v e l o c i t y  i s  two t o  t h r e e  t i m e s  t h e  r o o t  

mean square  v e l o c i t y  o f  t h e  h e a v f e r  i o n s  p r e s e n t .  There- 

f o r e ,  t h e  i n i t i a l  expand ing  c l o u d  wou ld  be e x p e c t e d  t o  

sweep o u t  t h e  e l e c t r o n s  and move w i t h  a v e l o c i t y  exceed- 

i n g  the  v e l o c i t y  o f  the ions .  T h i s  p r o c e s s  wou ld  r e s u l t  

i n  c a u s i n g  t h e  l e a d i n g  edge o f  t h e  c l o u d  t o  be n e g a t i v e  

w i t h  r e s p e c t  t o  t h e  inner p o r t i o n  o f  t h e  c loud .  A l t h o u g h  

t h e  p h y s i c a l  p r o c e s s  o f  e v a p o r a t i o n  i s  t h e  r e v e r s e  o f  t h e  

c o n d e n s a t i o n  p r o c e s s  o p e r a t i v e  i n  t h e  f o r m a t i o n  o f  a t h u n d e r -  

s torm,  t h e  e l e c t r i f i c a t i o n  e f f e c t s  i n  t h e  P r o j e c t  H i g h  Water  

r e l e a s e  a r e  v e r y  s i m i  l a r  t o  t h e  i n {  t i a l  e l e c t r i f i c a t i o n  

p r o c e s s e s  i n  t h u n d e r s t o r m s  (Ref, 3 3 ) .  

I t  h a s  been e x p e r i m e n t a l l y  demons t ra ted  t h a t  t h e  p o l a r -  

i z a t i o n  o f  an i n s u l a t e d  sphere  i n  an e l e c t r i c  f i e l d  n o r m a l l y  

r e s u l t s  i n  t h e  d e p o s i t  o f  a p p r e c i a b l e  f r e e  cha rges  w h e n e v e r  

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



n o t a b l y  d i f f e r e n t  (Ref .  34). T h e o r e t i c a l  c o n s i d e r a t i o n s  

l e a d  t o  an e s t i m a t e  o f  abou t  0.04 esu/drop, whereas the  

average cha rge  measured (by  a i r c r a f t )  o f  d r o p l e t s  i n  a 

t h u n d e r s t o r m  w e r e  f o u n d  t o  be 0.11 esu/drop. R e f .  35). 

S i n c e  t h e  i n i t i a l  expans ion  o f  t h e  P r o j e c t  H i g h  Water c l o u d  

w o u l d  be e x p e c t e d  t o  p roduce c h a r g e  s e p a r a t i o n ,  an e l e c t r i c  

f i e l d  w o u l d  be c r e a t e d .  T h i s  e l e c t r i c  f i e l d  wou ld  be ex- 

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

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

P o t e n t i a l  d i f f e r e n c e s  w e r e  f o u n d  t o  a r i s e  between 

l i q u i d  and s o l i d  phases as d i l u t e  aqueous s o l u t i o n s  were 

f r o z e n  ( R e f ,  36). D i l u t e  s o l u t i o n s  o f  sodium c h l o r i d e  

p roduced  n e g a t i v e  i c e  and p o s i t i v e  water .  S i n c e  t h e  b a l l a s t  

w a t e r  was o b t a i n e d  i n  the Cape Kennedy area,  i t  c d r t a f n l y  

wou ld  c o n t a i n  sodium c h l o r i d e ,  Thus, i f  any o f  t h e  d r o p l e t s  

o n l y  p a r t i a l l y  f r o z e  and t h e  t u r b u l e n t  m o t i o n  s t r i p p e d  o f f  

t h e  water ,  cha rge  s e p a r a t i o n  w o u l d  have o c c u r r e d .  

Charge s e p a r a t i o n  was f o u n d  t o  t a k e  p l a c e  when r u b b i n g  
I 

c o n t a c t  o c c u r r e d  between two p i e c e s  of i c e  a t  d i f f e r e n t  

t e m p e r a t u r e  ( R e f .  37). I n  v i e w  of  t h e  h i g h l y  t u r b u l e n t  

m o t i o n  o f  t h e  P r o j e c t  H igh  Water c l o u d ,  i t  i s  h i g h l y  p r o b a b l e  

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

d i f f e r e n t  t empera tu res .  There fo re ,  i t  Is p r o b a b l e  t h a t  

c h a r g e  s e p a r a t i o n  o c c u r r e d  as  a consequence o f  t h i s  phenom- 

enon. 



I t  i s  e v i d e n t  t h a t  t h e r e  were s e v e r a l  charge separa-  

t i o n  p r o c e s s e s  which were p r o b a b l y  o p e r a t i v e  d u r i n g  t h e  

expans ion  o f  t h e  P r o j e c t  H i g h  Water c louds .  The a p p a r e n t  

l a c k  o f  a l i g h t n i n g - l i k e  e l e c t r i c a l  d i s c h a r g e  I s  a t t r i -  

b u t e d  t o  t h e  r a p i d  expans ion  o f  the  c l o u d  so t h a t  t h e  

o p p o s i t e l y  charged r e g i o n s  were t o o  remote  f r o m  each o t h e r  

f o r  an e l e c t r i c a l  d i s c h a r g e  t o  occu r .  L i g h t n i n g  d i s c h a r g e s  

i n  t h u n d e r s t o r m s  have been o b s e r v e d  t o  i n v o l  ve d i s t a n c e s  on 

t h e  o r d e r  o f  600 m e t e r s  between cha rge  c e n t e r s  ( R e f .  38). 
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