
\ .  I 

\ 

I .  

,i . 

' I  

I 
K .  . 

1 ,  
k 

\ 
,' ' ,6 --' 

\ + '  

X-615168-232 
I PRE PRI NT 

I 

I 
I X i  63 2 b 7 

\ I 

EXPLORER 35 MEASUREMENTS OF 
LOW ENERGY PLASMA IN 

I \ j l  LUNAR ORBIT 
I 

\ 

f I 
1 

' 1  

\ 

, 

- G. P. S'ER~BU 
I 

GPO PRICE $ 

CFSTI PRICE(S) $ 1 

Hard copy (HC) 

Microfiche (MF) 

I ff 653 July 65 

JUNE 1968' 
I 1  

I 1 
1 

I 

\ 

GODDARD SPACE 
CREENBEL?, 

I '  



EXPLORER 35 MEASUREMENTS OF LOW ENERGY PLASMA I N  LUNAR ORBIT 

G o  Po SERBU 
Labora to ry  f o r  Space S c i e n c e s  

NASA Goddard Space F l i g h t  C e n t e r  
Greenbel t ,  Maryland 

The purpose  of t h i s  n o t e  is t o  p r e s e n t  some p r e l i m i n a r y  
o b s e r v a t i o n s  of low energy plasma,  Ec500eV, t a k e n  d u r i n g  l u n a r  
o r b i t s  of E x p l o r e r  3 5 ,  The spacec ra f t ,  w a s  i n j e c t e d  i n t o  a 
c a p t u r e  l u n a r  o r b i t  on J u l y  22 ,  1967 a t  09219 U o T o  The or- 
b i t a l  p e r i o d  is 11,5 hour s  w i t h  a n  a p o s e l e n e  of 9425 km and 
a p e r i s e l e n e  of 2536 km, A good d i s c u s s i o n  sf t h e  t r a n s f e r  
t r a j e c t o r y  and subsequen t  l u n a r  o r b i t  h a s  been g i v e n  by N e s s  
e t  a1  (1967) .  

The plasma measurements r e p o r t e d  h e r e  were made b y  means 
of a p l a n a r  mul t i -g r id  s e n s o r  which was programmed as a re- 
t a r d i n g  p o t e n t i a l  a n a l y z e r ,  The s e n s o r  is mounted p e r p e n d i c u l a r  
t o  t h e  s p i n  a x i s ,  which is p r e s e n t l y  o r i e n t e d  w i t h i n  a few 
d e g r e e s  of t h e  s o u t h  e c l i p t i c  p o l e  , ( R . A ,  = 99.0° DEC. = -67.5") 
The magni tude  and p o l a r i t y  of t h e  plasma c u r r e n t  a t  t h e  s e n s o r  
is measured as a f u n c t i o n  of r e t a r d i n g  p o t e n t i a l  i n  she i n -  
t e r v a l  from -500 t o  +500 v o l t s ,  For example,  t h e  r e t a r d i n g  
p o t e n t i a l  a n a l y z e r  e f f e c t i v e l y  s e p a r a t e s  @ u t  f rom t.he e n t e r i n g  
plasma t h o s e  i o n s  with e n e r g i e s  below 15  e V ,  and measures t h e  

n e t  n e g a t i v e  c u r r e n t  as a f u n c z i o n  of r e t a r d i n g  p c t e n E i a l  i n  
t h e  i n t e r v a l  from t 6  to -15 v o l t s .  The measurements a re  Then 
e x t e n d e d  to energies  u p  t o  500 e V ,  and t h e y  are r e p e a t e d  f c i r  
o p p o s i t e  p o l a r i t i e s ;  i n  t h i s  manner xhe i n t e g r a l  spec t rum for 
b o t h  e l e c t r o n s  and i o n s  is o b t a i n e d  i n  t h e  energy  r a n g e  from 
0 t o  500 e V .  
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The c o l l e c t o r  c u r r e n t  is measured by a l o g a r i t h m i c  

electrometer which is s e n s i t i v e  t o  b o t h  c l J r ren t  pclalmit ies  
i n  t h e  r ange  from 1 ~ 1 0 - ~  t o  3x10 amperes ,  The  e l e c t r o -  
meter o u t p u t  is d i g i t i z e d  i n t o  a seven  b i t  word and  %hen 
p r e s e n t e d  t o  t e l e m e t r y ,  A f t e r  t h e  8 t h  l u n a r  orbit of July 
2 5 ,  1967 a m a l f u n c t i o n  o c c u r r e d  i n  t h e  d i g i t i z i n g  c i r c u i t  and 
no a d d i t i o n a l  data  w a s  r e c o v e r e d  from t h i s  exper iment  u n t i l  
January 1 2 ,  1968,  On t h i s  da t e  t h e  experiment  a g a i n  r e ' t u rned  
t o  normal o p e r a t i o n ,  and good q u a l i t y  i n f s r m a t l o n  has  been 
o b t a i n e d  c o n t i n u o u s l y  s i n c e  t h a t  t i m e ,  'The experiment is 
c a l i b r a t e d  i n t e r n a l l y  once  eve ry  5 minu tes  c o n s e q u e n t l y  a 
h i g h  d e g r e e  of c o n f i d e n c e  is  p l a c e d  on t h e  measured v a l u e s  
o b t a i n e d  e 

-12 

Some p r e l i m i n a r y  o b s e r v a t i o n s  based on t h e  measured 
e l e c t r o n  i n t e g r a l  c u r r e n t s  i n  t h e  r e t a r d a t i o n  i n t e r v a l  from 
-15 t o  t6 v o l t s  a re  p r e s e n t e d  a t  t h i s  t i m e .  'Two e l e c t r o n  
c u r r e n t - v o l t a g e  Characterist ics are  shown i n  F i g u r e  1. During 
t h e  t i m e  i n t e r v a l  of t hese  o b s e r v a t i o n s  t h e  s a t e l l i t e  t r a v e r s e d  
t h e  a l t i t u d e  r ange  from 1050 k m  to 1920 km a,bove t h e  l u n a r  
s u r f a c e  and it e n t e r e d  t h e  o p t i c a l  shadow of t h e  moon a t  
19:55 UT. The t o p  c u r v e  of F i g u r e  1 is an  e l e c t r o n  c u r r e n t -  
v o l t a g e  character is t ic  which w a s  o b t a i n e d  4 minu tes  b e f o r e  
shadow e n t r y  and  it is r e p r e s e n t a t i v e  of e l e c t r o n  measurements 
o b t a i n e d  i n  t h e  s o l a r  wind r e g i o n ?  w i t h  t h e  s a t e l l i t e  i n  sun-  
l i g h t .  The c i r c l e  and t r i a n g l e  data p o i n t s  p l o t  t h e  measured 
v a l u e  of negat ive c u r r e n t  for each r e t a r d i n g  v o l t a g e .  

The gaps  i n  t h e  data n e a r  -8 and 0 v o l t s  a re  due  t o  discarded 

measurements.  These measurements are  n o t  p l o t t e d  b e c a u s e  they  
c o n t a i n  s p u r i o u s  p h o t o - e l e c t r o n  c u r r e n t s  f rom w i t h i n  t h e  sen -  
sor, w h i c h  are obse rved  when t h e  s e n s o r  normal  is o r i e n t e d  
w i t h i n  - +85O of t h e  s u n  vector .  
t r i b u t i o n  is observed  i n  t h e  e l e c t r o n  s p e c t r u m  o b t a i n e d  i n  

A two-component Maxwell ian d i s -  
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' I  

s u n l i g h t .  The s l o p e s  of t h e  two components have  been  in -  
dicated i n  t h e  f i g u r e  w i t h  l i g h t  l i n e s .  The dashed-curve  
drawn th rough  t h e  d a t a  p o i n t s  i n d i c a t e s  t h a t  toward i n -  
c r e a s i n g  e l e c t r o n  r e t a r d a t i o n ,  t h e  e l e c t r o n  c u r r e n t  has  
a n  e x p o n e n t i a l  dependence of t h e  t y p e  I=Ioe 
e V  is t h e  energy  of  t h e  e l e c t r o n s ,  k is Bol tzmann ' s  con- 
s t a n t ,  T is t h e  t e m p e r a t u r e  and I is t h e  c u r r e n t  measured 
a t  t h e  s p a c e c r a f t  p o t e n t i a l .  The e n e r g e t i c  component of 
t h e  measured spec t rum,  is a s c r i b e d  as due t o  t h e  solar  
wind e l e c t r o n s ,  a t  a t e m p e r a t u r e  of 7 . 4 ~ 1 0 ~  OK and a d e n s i t y  
of 8 e l e c t r o n s  ~ m - ~ .  
s u b t r a c t e d  from t h e  p l o t t e d  data, a second component is 
e v i d e n t  w i t h  a peak c u r r e n t  v a l u e  of ZxlO-' amperes and  a 
t e m p e r a t u r e  of 1 . 4 ~ 1 0 ~  O K .  

component obse rved  when the  s p a c e c r a f t  is i n  s u n l i g h t  is i n -  
t e r p r e t e d  i n  t e r m s  of a p h o t o - e l e c t r o n  c l o u d  which e n v e l o p s  
t h e  spacecraft as a consequence of  solar  i l l u m i n a t i o n .  T h i s  
t y p e  of s p a c e c r a f t = a s s o c i a t e d  p h o t o - e l e c t r o n  c l o u d  w a s  f i rs t  
described by Wolfe e t  a1 (1967) i n  c o n n e c t i o n  w i t h  o b s e r v a t i o n s  
on P i o n e e r  V I .  

Where 

0 

When the  so l a r  wind component is 

T h i s  s e c o n d a r y ,  or low e n e r g y ,  

The s q u a r e s  i n  F i g u r e  1 r e p r e s e n t  a p l o t  of t h e  e l e c t r o n  
data  o b t a i n e d  18 minu tes  a f t e r  t h e  s p a c e c r a f t  e n t e r e d  t h e  

o p t i c a l  shadow of t h e  moon; n o t e  t h a t  no d a t a  gaps  e x i s t  when 
t h e  measurement i s  made i n  t h e  a b s e n c e  of s o l a r  u l t r a v i o l e t  
i l l u r n i n a t i o n .  A s i m i l a r i t y  between t h e  e l e c t r o n  spec t rum i n  
s u n l i g h t  and shadow is e v i d e n t ,  w i t h  t h e  c u r r e n t  magni tude  of 

t h e  shadow c u r v e  b e i n g  depres sed  by a b o u t  a f a c t o r  of 1 0 ,  
C u r r e n t s  below 1x10 amperes are  w i t h i n  t h e  n o i s e  l e v e l  of 
t h e  i n s t r u m e n t ,  therefore ,  no  d e f i n i t e  a s s u r a n c e  e x i s t s  as  
t o  t h e  t r u e  s h a p e  of t h e  c u r v e  i n  l u n a r  shadow a t  r e t a r d a t i o n  

-11 
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g r e a t e r  t han  -3 v o l t s .  The obse rved  e l e c t r o n  c u r r e n t  w i t h  
t h e  s p a c e c r a f t  i n  shadow, a l so  i n d i c a t e s  t h e  p r e s e n c e  of a 
low energy ( l o 4  OK) component. 
c u r r e n t  was observed  i n  t h e  l u n a r  shadow w i t h  t h e  charged  
p a r t i c l e  t r a p s  onboard LUNA 10. Gr ingauz  e t  a1  (1967) t e n -  
t a t i v e l y  i d e n t i f i e d  t h i s  c u r r e n t  as due t o  a l u n a r  i o n o s p h e r e ,  
a t  an a l t i t u d e  300-1000 km above t h e  moon, w i t h  a d e n s i t y  v a l u e  
of between 15 t o  20 e l e c t r o n ~ / c m - ~  a t  a temperat .ure  of abouL 

A s imi l a r  low energy  e l e c t r o n  

l o 4  OK. 

would be b a r e l y  o b s e r v a b l e  i n  o u r  experiment , ,  T h e  e l e c t r o n  
d a t a  of F i g u r e  2 ,  however,  shows t h a t  t h e  magnitude of t h e  
e l e c t r o n  c u r r e n t  measured a t  t h e  s a t e l l i t e  p o t e n t i a l  is a 
f u n c t i o n  of  p o s i t i o n  w i t h i n  t h e  shadow; minimum c u r r e n t s  a r e  
obse rved  a t  t h e  core of t h e  umbra and  n o t  a t  t h e  maximum 
h e i g h t  above t h e  l u n a r  s u r f a c e  as would be expec ted  for  a 
l u n a r  i onosphe re .  The p o s s i b i l i t y  does e x i s t  t h a t  t h e  low 
energy  component, obse rved  i n  t h e  l u n a r  shadow is a measure 
of secondary  e l e c t r o n s  emi t t ed  from t h e  s a t e l l i t e  surface 
as a consequence of  bombardment by a h i g h  energy  e l e c t r o n  
f l u x ,  E<30KeV, such  as obse rved  on LUNA 11 by Gr igorov  e t  

a1 (1967) 

Ion  c u r r e n t s  due t o  such  a tenuous  l u n a r  i o n o s p h e r e  

P r e s e n t e d  i n  F i g u r e  2 a re  a ser ies  of spec t rums  which 
i l l u s t r a t e  t h e  t y p e  of data  o b t a i n e d  t h r o u g h  t h e  l u n a r  shadow 
w i t h  t h e  r e t a r d i n g  p o t e n t i a l  a n a l y s e r .  At t h e  t o p  of t h e  
f i g u r e  is shown t h e  p e r t i n e n t  p o r t i o n  of t h e  o r b i t a l  p a s s  of 
J anua ry  2 9 ,  1968, t h rough  t h e  l u n a r  shadow as s e e n  p r o j e c t e d  
o n t o  t h e  e c l i p t i c  p l a n e .  On t h e  2 9 t h  t h e  moon w a s  located 
i n  t h e  u n d i s t u r b e d  so l a r  wind r e g i o n .  The numbered t i c k  marks 
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a l o n g  t h e  o r b i t a l  p a t h  refer t o  t h e  s e q u e n t i a l  t i m e  o r d e r  i n  
which t h e  l a b e l l e d  e l e c t r o n  s p e c t r u m s ,  p l o t t e d  i n  t h e  lower 
p o r t i o n  of F i g u r e  2 ,  were o b t a i n e d .  The t i m e  of o b s e r v a t i o n  
is g i v e n  i n  t h e  l egend .  The 55 minute  o r b i t a l  p a s s  th rough  
t h e  shadow o c c u r r e d  some 20 minu tes  a f t e r  p e r i g e e  a t  a d i s -  

tance of from 1.8 t o  3 , O  l u n a r  r a d i i  beh ind  t h e  moon. A t  
p e r i g e e  t h e  s a t e l l i t e  o r b i t a l  v e l o c i t y  is 1 . 7 4  km/sec, it 
decreases t o  1 . 2 5  km/sec one hour p a s t  p e r i g e e ;  t h e r e f o r e ,  
f o r  a l l  o r b i t a l  p o s i t i o n s  t h e  s a t e l l i t e  v e l o c i t y  i s  low 
even when compared t o  a t h e r m a l  p r o t o n  ( l o 4  OK) which  h a s  
a v e l o c i t y  of 13 km/sec, Throughout t h e  e n t i r e  o r b i t ,  
therefore ,  t h e  s a t e l l i t e  m o t i o n  t h rough  t h e  plasma c a n  b e  
i g n o r e d ,  and t h e  collected c u r r e n t s  c a n  be c o n s i d e r e d  i n  
terms of Langmuir t h e o r y  e 

of F i g u r e  2 l a b e l l e d  1 and 2 were n o t  c a r r i e d  t o  s a t u r a t i o n ,  
A measure  of t h e  so la r  wind e l e c t r o n  t e m p e r a t u r e  can  be made 
on t h e  b a s i s  of t h e  data  t o  t h e  l e f t  of z e r o  v o l t s  r e t a r d a t i o n  
from t h e  c h a r a c t e r i s t i c s  l a b e l l e d  1, 2 and 5 .  The tempera- 
t u r e  o b t a i n e d  from t h e  s l o p e  of t h e s e  c u r v e s  is 8 . 4 ~ 1 0 ~  O K ,  

i n  agreement  w i t h  t h e  measurement o b t a i n e d  a t  l o c a t i o n  S, 
which o c c u r s  just subsequen t  t o  emergence from shadow. These  
o b s e r v a t i o n s  i n d i c a t e  t h a t  no a p p r e c i a b l e  c o o l i n g  0f t h e  

e l e c t r o n  plasma o c c u r s  as a consequence of expans ion  i n t o  t h e  

v o i d .  

Due t o  data d rop-ou t ,  t h e  c u r r e n t - v o l t a g e  character is t ics  

P r o v i d i n g  t h a t  t h e  e l e c t r o n  t e m p e r a t u r e  remains  c o n s t a n t  
i n  t h e  plasma v o i d ;  t h e  v a r i a t i o n  i n  t h e  magnitude of t h e  

measured c u r r e n t  a t  a f i x e d  v o l t a g e  on t h e  c h a r a c t e r i s t i c  
may be used  t o  deduce t h e  r e l a t ive  v a r i a t i o n  of t h e  e l e c t r o n  
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d e n s i t y  t h r o u g h o u t  t h e  plasma v o i d .  The v o l t a g e  p o i n t  on 
t h e  c h a r a c t e r i s t i c  is chosen  t o  be w i t h i n  a f r a c t i o n  of a. kT 
f rom t h e  s a t e l l i t e  p o t e n t i a l ,  and  y e t  s u f f i c i e n t l y  r e t a r d i n g  
so t h a t  low energy  c u r r e n t s  a re  n e g l i g i b l e .  The zero v o l t  
p o i n t  on  t h e  character is t ics  of F i g u r e  2 f i t s  t h e  above  
s e l e c t i o n  p r o c e s s  and  w a s  u s e d  t o  d r i v e  a r a t i o  of shadow- 

t o - s u n l i g h t  c u r r e n t  as a f u n c t i o n  of o r b i t a l  p o s i t i o n .  T h i s  
r a t i o  w a s  t h e n  no rma l i zed  t o  t h e  d e n s i t y  v a l u e  measured i n  
s u n l i g h t  

Using t h e  above c r i t e r i o n ,  t h e  o b s e r v e d  d e n s i t y  r a t i o  
a t  l o c a t i o n  1 is 0.07,  when t a k e n  w i t h  r e s p e c t  t o  t h e  measure- 
ment a t  l o c a t i o n  S ,  where  t h e  s p a c e c r a f t  is i n  s u n l i g h t .  
A t  l o c a t i o n  2 t h e  r a t i o  is down t o  0 .03  and  s t i l l  d e c r e a s i n g  
toward t h e  minimum of  less t h a n  0 .01  o b s e r v e d  a t  l o c a t i o n s  
3 and 4 .  The minimum r a t i o  is o b s e r v e d  almost c o i n c i d e n t  
w i t h  t h e  g e o m e t r i c  core of t h e  umbra,  t h i s  t y p e  of c o i n c i -  
dence  between plasma minimum and umbra core is g e n e r a l l y ,  
b u t  n o t  a l w a y s ,  o b s e r v e d ,  A t  l o c a t i o n  5 ,  t h e  r a t i o  is  0 .03  

and it i n c r e a s e s  t o  1.0 when t h e  s p a c e c r a f t  is i n  s u n l i g h t  
a t  l o c a t i o n  S. T h i s  t y p e  of d e n s i t y  decrease toward a 
minimum w i t h  a s u b s e q u e n t  r e c o v e r y  is e v i d e n t  i n  t h e  measure-  
ment whenever t h e  l u n a r  shadow is t r a v e r s e d .  

A v a r i a t i o n  i n  t h e  s p a c e c r a f t - t o - p l a s m a  p o t e n t i a l  as a 
f u n c t i o n  of o r b i t a l  p o s i t i o n  through t h e  shadow is a l so  e v i -  
d e n t  i n  F i g u r e  2 .  The p o t e n t i a l  c h a n g e s  from -5 v o l t s  a t  
t h e  core of  t h e  umbra t o  -3.9 v o l t s  a t  l o c a t i o n  5 ;  a n d  i n  
s u n l i g h t ,  t h e  p o t e n t i a l  is -1.5 v o l t s .  
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T h u s ,  a c lear  i d e n t i f i c a t i o n  of s p a c e c r a f t  p o t e n t i a l  
change  is e v i d e n t  i n  t h e  f i g u r e .  The o b s e r v e d  s p a c e c r a f t -  
to-plasma p o t e n t i a l  s h i f t  f rom -1.5 v o l t s  i n  s u n l i g h t  t o  
-5 v o l t s  i n  c o r e  of t h e  l u n a r  shadow, is  c o n s i s t e n t  w i t h  

t h e  e x p e c t a t i o n  t h a t  s o l a r  i l l u m i n a t i o n  w i l l  d r i v e  a sat-  
e l l i t e  t o  a more p o s i t i v e  p o t e n t i a l  as a consequence  of 
p h o t o - e l e c t r o n  e m i s s i o n  f r o m  t h e  s u r f a c e .  

Some a d d i t i o n a l  da ta  o b t a i n e d  i n  t h e  plasma v o i d  a r e  
p r e s e n t e d  i n  T a b l e  1. Measured v a l u e s  of s a t e l l i t e  p o t e n t i a l  
and  e l e c t r o n  t e m p e r a t u r e ,  a l o n g  w i t h  t h e  computed d e n s i t y  
r a t i o  N/No, are t a b u l a t e d  as  a f u n c t i o n  of  t h e  s e l e n e o c e n t r i c  
s o l a r  e c l i p t i c  c o o r d i n a t e s  (X 
Values  f o r  th ree  c r o s s i n g s  made i n  t h e  so l a r  wind r e g i o n ,  
and  one  i n  t h e  E a r t h ' s  ex t ended  magnetoshea th  r e g i o n  a re  
t a b u l a t e d .  Apparent  f o r  a l l  c r o s s i n g s  is a very  steep 

g r a d i e n t  i n  t h e  computed plasma d e n s i t y  r a t i o ,  N/No9 which 

is  o b s e r v e d  on t h e  i n s i d e  s u r f a c e  of t h e  o p t i c a l  shadow. 
G e n e r a l l y ,  t h e  plasma d e n s i t y  f a l l s  below 10% of  t h e  v a l u e  

) i n  l u n a r  r a d i i .  SSE9 'SSE 

measured  i n  s u n l i g h t  w i t h i n  t h e  f i rs t  t e n  m i n u t e s  a f t e r  
e n t r y  i n t o  t h e  shadow r e g i o n .  I n s u f f i c i e n t  s p a t i a l  r e s o l u -  
t i o n  p r e c l u d e s  t h e  d e t e c t i o n  of any misa l ignmen t  between 
t h e  o p t i c a l  shadow boundary and t h e  boundary of t h e  plasma 
v o i d ,  s u c h  a misa l ignmen t  would  be a f u n c t i o n  o f  t h e  ups t r eam 
solar wind f l o w  d i r e c t i o n .  

The t r a n s i t  of March 4 c l o s e l y  matches  t h e  t r a n s i t  d i s -  

c u s s e d  b y  Michel (1968) e Along t h i s  o r b i t a l  p a t h ,  1 . e .  w i t h i n  
1 .5  l u n a r  r a d i i  beh ind  t h e  moon, h e  p r e d i c t s  t h a t  t h e  d e n s i t y  
w i l l  f a l l  t o  10% of t h e  ambient  w i t h i n  15 m i n u t e s  a f t e r  e n t r y  
i n t o  t h e  plasma v o i d .  January 19  is of i n t e r e s t  s i n c e  i t  is t o  
da te  t h e  c r o s s i n g  a t  t h e  g r e a t e s t  d i s t a n c e  b e h i n d  t h e  moon 
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obse rved  w i t h  t h i s  expe r imen t .  N o  e l ea r  shock  c r o s s i n g  
i n d i c a t i o n  is evident .  i n  t h i s  da t a ,  which was o b t a i n e d  a t  
3.18 Rm behind  t h e  moon. 
plasma void  shou ld  d i s a p p e a r ;  however,  as Michel (1967) 
p o i n t s  o u t ,  t h e  geometry ,  l o c a t i o n  and i n t e n s i t y  of t h e  

shock  are  h i g h l y  v a r i a b l e  i n  terms of ups t r eam plasma and 
f i e l d  c o n d i t i o n s ,  more e x t e n s i v e  o b s e r v a t i o n s  are c l e a r l y  
needed.. The k i n e t i c  t h e o r y  approach  of Whang (1968) pre-  
d i c t s  t h a t  t h e  plasma v o i d  e x t e n d s  t e n s  of l u n a r  r a d i i  be- 
h i n d  t h e  moon, w i t h o u t  t h e  f o r m a t i o n  of a s t a n d i n g  shock .  

Ness e t  a 1  (1968) s u p p o r t  t h i s  p r e d i c t i o n  w i t h  t he  obse r -  
v a t i o n  t h a t  no s t a n d i n g  shock has  been detected i n  t h e  

magnet ic  f i e l d  downstream of t h e  moon. 

Behind t h e  s t a n d i n g  s h o c k ,  t h e  

Conc lus ions  
Some d e s c r i p t i v e  character is t ics  of t h e  l u n a r  v o i d ,  

based  o n  r e c e n t  o b s e r v a t i o n s  o b t a i n e d  from t h e  E x p l o r e r  35 
i n t e g r a l  e l e c t r o n  s p e c t r u m s ,  are:  (1 )  t h e  e l e c t r o n  d e n s i t y  
w i t h i n  t h e  l u n a r  plasma v o i d  is  g e n e r a l l y  less t h a n  10% of 

t h e  observed  d e n s i t y  i n  s u n l i g h t .  A v e r y  s t e e p  d e n s i t y  
g r a d i e n t  is observed  upon e n t r y  and ex i t  f rom t h e  plasma 
v o i d .  (2) The l u n a r  plasma v o i d  has  been detected t o  b e  
n e a r l y  c o i n c i d e n t  w i t h  t h e  o p t i c a l  shadow t o  d i s t a n c e s  of 
3.18 l u n a r  r a d i i  behind  t h e  moon. (3)  N o  measu rab le  c o o l i n g  
of t h e  e l e c t r o n s  is n o t e d  w i t h i n  t h e  plasma v o i d .  

comple ted ,  i t  is t e n t a t i v e l y  conc luded  t h a t  no  c lear  e v i d e n c e  
e x i s t s  f o r  a l u n a r  i o n o s p h e r e  a t  a l t i t u d e s  i n  e x c e s s  of 825 k m  

above t h e  s u r f a c e .  Our r e s u l t s  a l s o  show t h a t  a charac te r i s t ic  
v a r i a t i o n  i n  s a t e l l i t e - t o - p l a s m a  p o t e n t i a l  is obse rved  as a 
direct  consequence of solar  i l l u m i n a t i o n .  

Although a d e t a i l e d  a n a l y s i s  of t h e  data has  n o t  been  
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FIGURE TITLES 
I -  

I 

F i g u r e  1 - E l e c t r o n  c u r r e n t - v o l t a g e  character is t ics  o b t a i n e d  
i n  l u n a r  o r b i t  w i t h  t h e  E x p l o r e r  35 R e t a r d i n g  Po- 
t e n t i a l  Analyzer  exper iment .  These o b s e r v a t i o n s  
i l l u s t r a t e  t h e  v a r i a t i o n s  i n  c u r r e n t  magni tude ,  
and changes  i n  s a t e l l i t e  p o t e n t i a l ,  V @ ,  as t h e  

s p a c e c r a f t  moves from s u n l i g h t  i n t o  t h e  l u n a r  
shadow. 

F i g u r e  2 - A se r i e s  of s e q u e n t i a l  t i m e  o b s e r v a t i o n s  of  a 
s y s t e m a t i c  v a r i a t i o n  i n  t h e  measured e l e c t r o n  
c u r r e n t s  as  a f u n c t i o n  of o r b i t a l  p o s i t i o n  
th rough  t h e  l u n a r  shadow. 

T a b l e  1 - O b s e r v a t i o n s  o f  t h e  l u n a r  plasma v o i d ,  deduced 

from t h e  obse rved  g r a d i e n t  i n  t h e  e lec t ron  plasma 
d e n s i t y  r a t i o  and changes i n  t h e  s p a c e c r a f t - t o -  
plasma p o t e n t i a l .  
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