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SUMMARY 

W e  have i n v e s t i g a t e d  t h e  charg ing  of  a l a r g e  sphere  sub- 
j e c t  t o  t h e  environment encountered by t h e  s h u t t l e  o r b i t e r  as it 
pas ses  through t h e  a u r o r a l  r eg ions  i n  i t s  low p o l a r  e a r t h  o r b i t .  
The environment c o n s i s t s  of  a low tempera ture  dense plasma and a 
r e l a t i v e l y  i n t e n s e  (200 ~ ~ / r n * )  f i e l d  a l i g n e d  f l u x  of e n e r g e t i c  
e l e c t r o n s  (%5 t o  10  keV) . 

The p o t e n t i a l  on a sphere i n  e c l i p s e  i s  p re sen ted  a s  a 
func t ion  of t h e  r a t i o  K of  t h e  charging r a t e  produced by p r e c i p i -  
t a t i n g  e l e c t r o n s  t o  t h e  d i scha rg ing  r a t e  produced by r a m  i ons .  
We f i n d  t h a t  a  5 meter conducting sphere  charges  t o  p o t e n t i a l s  of  
o r d e r  1 k i l o v o l t  f o r  K % 2,  even though a 0.5 meter sphere  charges  
t o  l e s s  t han  100 v o l t s .  

I t  i s  concluded t h a t  t h e  n a t u r a l  charg ing  environment can 
induce l a r g e  p o t e n t i a l s  (%1 k i l o v o l t )  on t h e  s h u t t l e  o r b i t e r .  

INTRODUCTION 

The s h u t t l e  o r b i t e r ,  pass ing  through t h e  ionosphere  a t  
a l t i t u d e s  of  a few hundred k i lometers ,  develops  e l e c t r i c a l  poten- 
t i a l s  through a c c r e t i o n  of charge from t h e  n a t u r a l  environment. 
Under normal ambient cond i t i ons  t h e  p a r t i c l e  e n e r g i e s  viewed from 
t h e  s a t e l l i t e  range from a few t e n t h s  of an e l e c t r o n  v o l t  t o  a 
few v o l t s .  Thus, t h e  magnitude o f  v e h i c l e  p o t e n t i a l s  are a t  most 
a few v o l t s .  However, whi le  pass ing through p o l a r  l a t i t u d e s  t h e  
v e h i c l e  may be sub jec t ed  t o  a s u b s t a n t i a l  f l u x  of e n e r g e t i c  e l e c -  
t r o n s  moving through t h e  a u r o r a l  zone fo l lowing  t h e i r  i n j e c t i o n  
i n  t h e  magnetosphere. This  may cause  charg ing  t o  h igh  p o t e n t i a l s .  

Most exper imental  s t u d i e s  o f  s p a c e c r a f t  charg ing  i n  low 
e a r t h  o r b i t  have concerned s m a l l  o b j e c t s  (%1 m )  moving through t h e  
ionosphere .  I n  t h e  absence o f  e n e r g e t i c  p r e c i p i t a t i n g  e l e c t r o n s ,  
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t h e  magnitude of  t h e  observed e l e c t r i c  p o t e n t i a l s  on t h e  I N J U N  5  
s a t e l l i t e  were less than  a few v o l t s ,  i n  accordance w i t h  t h e o r e t -  
i c a l  e x p e c t a t i o n s  ( r e f .  1). Even d u r i n g  impulsi.ve p r e c i p i t a t i o n  
e v e n t s ,  observed p o t e n t i a l s  d i d  n o t  exceed -40 v o l t s  nega t ive .  

More r e c e n t l y ,  t h e o r e t i c a l  s t u d i e s  have focused on charg ing  
of l a r g e  o b j e c t s .  Parker  has  p re sen ted  a method f o r  computing 
s h e a t h  s t r u c t u r e s  of l a r g e  s p h e r i c a l  bodies  w i t h  high-vol tage sur -  
f a c e s  and with  photoe lec t r ic / secondary  emiss ion ( r e f .  2 ) .  McCoy 
e t  a l .  have considered problems a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  of -- 
l a r g e ,  high-voltage s o l a r  a r r a y s  i n  t h e  ionosphere  ( r e f .  3 )  . 
Liemohn has  considered t h e  e l e c t r i c a l  charg ing  of  t h e  s h u t t l e  
o r b i t e r  i n  t h e  absence of f l u x e s  of  e n e r g e t i c  p r e c i p i t a t i n g  e l e c -  
t r o n s  ( r e f .  4 ) .  Inouye -- e t  a l .  ( r e f .  4 )  i n v e s t i g a t e d  t h e  charg ing  
of a  space based r a d a r  system having an antenna w i t h  a d iameter  
of about  70 meters  ( r e f .  5 ) .  The i r  c a l c u l a t i o n  of  e l e c t r i c a l  
p o t e n t i a l s  i n  t h e  presence of e n e r g e t i c  p a r t i c l e s  are based on t h e  
a p p l i c a t i o n  of o r b i t  l i m i t e d  theo ry  of  Langmuir and Mott-Smith t o  
determine the  c u r r e n t s  of a t t r a c t e d  s p e c i e s  ( r e f .  6 ) .  

The i n v e s t i g a t i o n s  of charg ing  presen ted  below a r e  f o r  t h e  
regime where body dimensions a r e  l a r g e  compared t o  t h e  r e l e v a n t  
Debye length .  I n  t h i s  regime t h e  c u r r e n t s  of  a t t r a c t e d  s p e c i e s  
a r e  es t imated  by adapt ing  t h e  l a r g e  s p h e r i c a l  probe t h e o r i e s  of  
Langmuir and Blodge t t  ( r e f .  7 )  and A l ' p e r t  e t  a l .  ( r e f .  8 ) .  W e  
examine t h e  charging of a  conduct ing s p h e r e s u b j e c t e d  t o  i n t e n s e  
f l u x e s  of e n e r g e t i c  e l e c t r o n s .  F a c t o r s  r e l e v a n t  t o  a  more t h o r -  
ough a n a l y s i s  of complex o b j e c t s  w i t h  d i e l e c t r i c  s u r f a c e s  a r e  sum- 
marized. Conclusions a r e  given i n  t h e  f i n a l  s e c t i o n  o f  t h e  paper .  

ANALY S IS  

The purpose of  t h e  fo l lowing  a n a l y s i s  i s  t o  e s t i m a t e  t h e  
magnitudes of p o t e n t i a l  t h a t  develop on o b j e c t s  i n  low e a r t h  o r b i t  

2 (200 t o  400 km) when sub jec t ed  t o  h igh  f l u x e s  (Q200 pA/m ) of ho t  
(5  t o  10 keV) p r e c i p i t a t i n g  magnetospheric e l e c t r o n s .  Nominal 
v a l u e s  of t he  s a t e l l i t e  and environmental  parameters  r e l e v a n t  t o  
t h e  a n a l y s i s  a r e  summarized i n  Table  1. 

W e  a r e  concerned p r i m a r i l y  w i t h  t h e  p o s s i b l y  l a r g e  n e g a t i v e  
p o t e n t i a l s  t h a t  may be produced by t h e  c u r r e n t s  of ho t  e l e c t r o n s  
i n c i d e n t  from t h e  magnetosphere. Q u e s t i o n s  r e l a t e d  t o  t h e  s a t e l -  
l i t e  wake and i t s  s t r u c t u r e  are n o t  cons idered ;  w e  c o n s i d e r  t h e  

ram ion  c u r r e n t  d e n s i t y  NeVo Q amp/cm2 appa ren t  t o  a  co- 

moving observer  as  t h e  on ly  r e l e v a n t  a t t r i b u t e  of  t h e  s a t e l l i t e  
motion. Thus, f o r  example, it i s  a n t i c i p a t e d  t h a t  t h e  VoxB in -  

d u c t i v e  e l e c t r i c  f i e l d s  a r e  smal l  r e l a t i v e  t o  t h e  e l e c t r o s t a t i c  
f i e l d s  produced by charging.  



TO proceed f u r t h e r ,  l e t  us  f i r s t  n e g l e c t  t h e  magnetic f i e l d .  
The e f f e c t s  of  a magnetic f i e l d  w i l l  be d i scus sed  l a t e r .  The f l u x  
of  h o t  e l e c t r o n s  t o  t h e  s a t e l l i t e  i s  assumed u n i d i r e c t i o n a l  
S ince  t h e  ram ion  e n e r g y ( l o  1 5 e ~ )  i s  much l a r g e r  than  t h e  i o n  

tempera ture ,  t h e  ram i o n  f l u x  w i l l  a l s o  be considered un id i r ec -  
t i o n a l .  I n  t h e  absence of e l e c t r i c  p o t e n t i a l  t h e  p r e c i p i t a t i n g  

e l e c t r o n  and ram ion  c u r r e n t s  t o  t h e  s a t e l l i t e  w i l l  be j n~~ and 
2 P 0 jrnRo, r e s p e c t i v e l y .  

For nega t ive  p o t e n t i a l s  e l e c t r o n s  are r e p e l l e d  and t h e  cur-  
r e n t  of  p r e c i p i t a t i n g  e l e c t r o n s  a t  t h e  s a t e l l i t e  i s  approximately  

CI 

j n ~ '  exp{e$/ep}. Th i s  i s  an a c c u r a t e  approximation i f  t h e  e f -  
P 0 

f e c t i v e  c o l l e c t i o n  r a d i u s  Rc i s  n o t  much g r e a t e r  t han  Rot t h a t  i s ,  

i f  t h e  t h i c k n e s s  Rc - Ro o f  t h e  non-neutra l  space charge r eg ion  

around t h e  o b j e c t  i s  less than  t h e  sa te l l i t e  r a d i u s .  For a l l  
p r a c t i c a l  purposes  i n  t h e  c a s e s  of  i n t e r e s t ,  -e$ >> B e .  Thus 

t h e  c o l d  plasma e l e c t r o n s  do not  e n t e r  t h e  s h e a t h  reg ion .  

The e f f e c t  of space charge upon c u r r e n t  c o l l e c t i o n  i n  low 
e a r t h  o r b i t  by l a r g e  h igh  vo l tage  o b j e c t s  i s  well-known, having 
been s t u d i e d  bo th  t h e o r e t i c a l l y  and wi th  l a b o r a t o r y  exper iments .  
Space charge  e f f e c t s  d rama t i ca l ly  reduce t h e  c u r r e n t  c o l l e c t e d  
p e r  u n i t  a r e a  compared t o  t h o s e  p r e d i c t e d  by o r b i t  l i m i t e d  theory .  
The I -V c h a r a c t e r i s t i c s  of a s p h e r i c a l  probe wi th  a r a t i o  of 
r a d i u s  t o  Debye l e n g t h  of 1 0  i s  shown i n  f i g u r e  1. The c u r r e n t  
c o l l e c t e d  p e r  u n i t  area a t  l a r g e  v o l t a g e s  is  s u b s t a n t i a l l y  less 
than  t h e  ve ry  l a r g e  Debye l e n g t h  o r b i t  l i m i t e d  theo ry  would pre-  
d i c t .  However, t h e  a u r o r a l  e l e c t r o n  f l u x e s  i n  p o l a r  e a r t h  o r b i t  
a r e  i n c i d e n t  c u r r e n t s  which may be s u b s t a n t i a l l y  l a r g e r  t han  t h e  
r a m  i o n  c u r r e n t s .  We a r e  t hen  i n t e r e s t e d  i n  t h e  i n v e r s e  f u n c t i o n ,  
t h a t  i s ,  t h e  V- I  c h a r a c t e r i s t i c  ( f i g u r e  2 ) .  Note how d r a m a t i c a l l y  
t h e  probe v o l t a g e  must rise t o  i n c r e a s e  t h e  c u r r e n t  c o l l e c t e d  p e r  
u n i t  a r e a .  I t  i s  t h i s  s t e e p  V-I c h a r a c t e r i s t i c  which forms t h e  
b a s i s  of  t h e  fol lowing a n a l y s i s .  

The theo ry  o f  t h e  shea th  surrounding a l a r g e  s p h e r i c a l  
probe w i t h  r a d i u s  Ro >>  AD a t  high p o t e n t i a l  ( e $ (  >> B e ,  8 .  i n  an 

1 

i s o t r o p i c  plasma i s  given i n  Langmuir and Blodge t t  ( r e f .  7 )  and 
A l ' p e r t  -- e t  a l .  ( ref .  8 ) .  The e f f e c t i v e  c o l l e c t i o n  r a d i u s  Rc f o r  

t h e  case of i o n  a t t r a c t i o n  

where 8 i s  t h e  temperature  

can be expressed as  

(1) 

of t he  a t t r a c t e d  s p e c i e s  and A t h e  

9 81 



Debye length .  F  i s  an i n c r e a s i n g  f u n c t i o n  of i t s  argument and 
hence of  t he  s a t e l l i t e  p o t e n t i a l .  

I n  o rde r  t o  adap t  t h e  Langrnuir-Blodgett t h e o r y  as an ap- 
proximation t o  t h e  case of s t reaming i o n s ,  w e  r e l a t e  t h e  tempera- 
t u r e  8  t o  t h e  k i n e t i c  energy Eo of  i o n s  r e l a t i v e  t o  t h e  s a t e l l i t e  

by r e q u i r i n g  t h a t  c u r r e n t  e n t e r i n g  t h e  s h e a t h  i n  t h e  i s o t r o p i c  and 
s t reaming c a s e s  be t h e  same, 

g iv ing  

where M i s  t h e  i o n i c  mass. The e q u i v a l e n t  Debye l e n g t h  i s  

4 / 3  Table  2 g ives  v a l u e s  of Rc/Ro a s  a f u n c t i o n  of z i ( e + / 8 )  ( A / % )  . 
For v a l u e s  of Rc/Ro - < 1.05. t h e  c o l l e c t i o n  r a d i u s  and p o t e n t i a l  

a r e  r e l a t e d  by t h e  p l ane  e l e c t r o d e  Child-Langmuir l a w  

w i th  an accuracy b e t t e r  t han  3 pe rcen t .  

The p o t e n t i a l  on t h e  sphere  i s  determined by balance o f  
c u r r e n t s ,  

where s (si) i s  t h e  t o t a l  secondary y i e l d  from e l e c t r o n  ( i o n )  i m -  
P  

p a c t  and Iv i s  t h e  t o t a l  photoemission c u r r e n t .  

Def ining 

a s  e f f e c t i v e  e l e c t r o n  and ion  c u r r e n t  d e n s i t i e s  c o r r e c t e d  f o r  
secondary emission,  equa t ion  ( 6 )  becomes 



Figure  3 shows t h e  da rk  p o t e n t i a l  on sphe re s  of 0.5 and 5 m 
r a d i u s  a s  a func t ion  of  r a t i o  of p r e c i p i t a t i n g  e l e c t r o n  t o  r a m  i o n  

- 

c u r r e n t  d e n s i t i e s  i n  a plasma with  ambient d e n s i t y  l o 5  ~ m - ~ .  For 
a given c u r r e n t  r a t i o  t h e  p o t e n t i a l  on t h e  sphere  scales roughly 
a s  t h e  r a d i u s .  More p r e c i s e l y ,  t h e  p o t e n t i a l  scales w i t h  r a d i u s  

a s  (Ro/h)  4 /3  for 1 em 1 << O p ,  but  somewhat more s lowly w i t h  Ro/A 

as  i n c r e a s e s .  observe t h a t  t h e  p o t e n t i a l  i s  an extremely 
s e n s i t i v e  f u n c t i o n  of 7 /T f o r  v a l u e s  o f  t h i s  r a t i o  nea r  u n i t y ,  

P r 
e s p e c i a l l y  f o r  t h e  l a r g e r  sphere. 

The theo ry  p r e d i c t s  t h a t  t h e  5 m sphere  w i l l  charge t o  
about  t h e  l k i l o v o l t  l e v e l  f o r  e l e c t r o n  t o  ram i o n  c u r r e n t  d e n s i t y  
r a t i o s  of o n l y  about  two. Th i s  i s  t o  be c o n t r a s t e d  wi th  t h e  r e -  
s u l t  p r e d i c t e d  by o r b i t  l i m i t e d  ion  c o l l e c t i o n .  The approximate 
dark  c u r r e n t  balance 

f o r  o r b i t  l i m i t e d  c o l l e c t i o n  p r e d i c t s ,  f o r  example, t h a t  j / j  = 
P 

300 would be r equ i r ed  t o  s u s t a i n  a 1 k i l o v o l t  p o t e n t i a l  on t h e  
sphere .  

DISCUSSION 

Seve ra l  e f f e c t s  have been neg lec t ed  i n  de te rmin ing  t h a t  h o t  
e l e c t r o n s  p r e c i p i t a t i n g  from t h e  magnetosphere can charge  a l a r g e  
o b j e c t  t o  k i l o v o l t  p o t e n t i a l s .  W e  s h a l l  now argue t h a t  account ing  
f o r  t h e s e  e f f e c t s  w i l l  n o t  a l t e r  t h e  conc lus ion  t h a t  such h igh  
p o t e n t i a l s  should be expected fo r  t h e  assumed charg ing  environment. 

Consider  f i r s t  t h e  e f f e c t  o f  a magnetic f i e l d  on t h e  r a m  
i o n s  e n t e r i n g  t h e  s h e a t h  surrounding t h e  s a t e l l i t e .  A component 
of magnetic f i e l d  perpendicu la r  t o  t h e  s a t e l l i t e  v e l o c i t y  w i l l  t end  
t o  i n s u l a t e  t h e  s u r f a c e  from the  r a m  i o n  c u r r e n t s ,  l e a d i n g  t o  
l a r g e r  n e g a t i v e  p o t e n t i a l  of the  sa te l l i t e .  For c a s e s  of i n t e r e s t  
however, t h e  e f f e c t  i s  n e g l i g i b l e .  A measure of  t h e  s i z e  o f  t h i s  
e f f e c t  i s  g iven  by 



a = 

where M i s  the  ion  mass, w i t s  gyrofrequency, d  t h e  t h i c k n e s s  c i  
of t h e  sheath ,  and T t h e  f l i g h t  t i m e  of  an ion  a c r o s s  t h e  shea th .  
For t h e  ca ses  r ep re sen ted  i n  f i g u r e  1, d  < R ,  so  t h a t  - 

a < - 0.2/ 1 e$ ( v o l t s )  I 
which i s  n e g l i g i b l y  smal l  except  a t  ve ry  low l e v e l s  of  s a t e l l i t e  
p o t e n t i a l .  

The hot  e l e c t r o n s  r e s p o n s i b l e  f o r  charg ing  t h e  s a t e l l i t e  
w e r e  considered t o  approach t h e  space charge shea th  u n i d i r e c t i o n -  
a l l y ,  a s  p e r t a i n s  i n  t h e  l i m i t  of  s t rong  magnetic f i e l d s  where t h e  
Larmor r a d i u s  i s  smal l  compared w i t h  t h e  r a d i u s  of t h e  s a t e l l i t e .  
More probably,  t h e  e l e c t r o n s ,  because of t h e i r  p i t c h  a n g l e  d i s t r i -  
bu t ion ,  would e n t e r  t h e  r e p u l s i v e  shea th  w i th  a  more n e a r l y  i s o -  
t r o p i c  d i s t r i b u t i o n  of  d i r e c t i o n s .  Assuming t h a t  t h e  one s ided  
thermal  plasma c u r r e n t  d e n s i t i e s  a r e  t h e  same i n  t h e  un id i r ec -  
t i o n a l  and i s o t r o p i c  l i m i t s ,  t h e  e f f e c t i v e  e l e c t r o n  c u r r e n t  toward 
one hemisphere of t h e  s a t e l l i t e  i n  t h e  i s o t r o p i c  l i m i t  i s  t w i c e  
t h a t  which p e r t a i n s  i n  t h e  u n i d i r e c t i o n a l  ca se .  I n  t h e  absence of  
no o t h e r  e f f e c t  a s s o c i a t e d  wi th  t h e  magnetic f i e l d ,  t h e  r e s u l t  
would be g r e a t e r  charg ing .  

The charging c u r r e n t  g iven by equa t ion  ( 6 )  f o r  t h e  c a s e  of 
r e p e l l e d  e l e c t r o n s  i n c i d e n t  u n i d i r e c t i o n a l l y  from i n f i n i t y  a p p l i e s  
i n  t h e  l i m i t  o f  ze ro  gyrorad ius .  I n  t h e  o p p o s i t e  l i m i t  of vanish-  
i n g  magnetic f i e l d s ,  aga in  assuming t h a t  e l e c t r o n s  e n t e r  t h e  
shea th  u n i d i r e c t i o n a l l y ,  fewer e l e c t r o n s  r each  t h e  s a t e l l i t e  be- 
cause  of t h e  d e f l e c t i o n  by t h e  r e p u l s i v e  e l e c t r i c  f i e l d .  The r e -  
duc t ion  i n  c u r r e n t  i s  smal l  however, and t h e  charg ing  c u r r e n t  ac- 
c u r a t e l y  represen ted  by equa t ion  ( 6 )  provided t h a t  t h e  r e p u l s i v e  

p o t e n t i a l  on t h e  s a t e l l i t e  s a t i s f i e s  (e+/B ) <<  1. Th i s  r equ i r e -  
P 

ment, which is s a t i s f i e d  i n  t h e  c a s e  of f i g u r e  1 f o r  p o t e n t i a l s  
l e s s  t han  about 2 kV, fo l lows  from t h e  conserva t ion  laws of energy 
and angu la r  momentum which permit  one t o  exp res s  t h e  c u r r e n t  t o  
t h e  s a t e l l i t e  as 



E s s e n t i a l l y ,  t h e  e l e c t r o n  c u r r e n t  c r o s s i n g  t h e  shea th  i s  n o t  sub- 
s t a n t i a l l y  modified by t h e  magnetic f i e l d ,  a  c i rcumstance w e  ex- 
p e c t  t o  p e r t a i n  i s  long a s  

T h i s  c o n d i t i o n  i s  w e l l  s a t i s f i e d  f o r  p o t e n t i a l s  i n  f i g u r e  3 a t  
t h e  k i l o v o l t  l e v e l .  

I n  apply ing  t h e  Langmuir-Blodgett probe theory ,  w e  have 
neg lec ted  t h e  c o n t r i b u t i o n  of e l e c t r o n s  t o  t h e  space charge i n  
t h e  shea th .  T h i s  i s  a v a l i d  approximation because t h e  v e l o c i t y  
of  e l e c t r o n s  i n  t h e  shea th  is l a r g e  compared wi th  i on  v e l o c i t i e s ,  
except  perhaps  f o r  t h e  c o n t r i b u t i o n  of secondary and photoelec-  
t r o n s  nea r  t h e  su r f ace .  Near the  s u r f a c e ,  however, t h e  e l e c t r i c  
f i e l d s  a r e  dominated by s u r f a c e  charge  and l i t t l e  a f f e c t e d  by 
space charge.  

Secondary and pho toe l ec t rons  move through t h e  s h e a t h  w i t h  
sma l l e r  e n e r g i e s  t han  t h e  p r e c i p i t a t i n g  magnetospheric e l e c t r o n s  
and a r e  t h e r e f o r e  more s t r o n g l y  a f f e c t e d  by t h e  magnetic f i e l d .  
The p o t e n t i a l  developed by t h e  s a t e l l i t e  i s  a f f e c t e d  however o n l y  
i f  t h e  emi t t ed  e l e c t r o n s  r e t u r n  t o  t h e  s u r f a c e ,  l e ad ing  t o  h igher  
p o t e n t i a l s  t han  i f  t h e  e l e c t r o n s  escape.  

I n  a l l  p rev ious  cons ide ra t ions ,  w e  have supposed t h a t  t h e  
s a t e l l i t e  i s  a conduct ing sphere.  The s h u t t l e  o r b i t e r  i s  a c t u a l l y  
a g e o m e t r i c a l l y  complex o b j e c t  whose s u r f a c e  i s  coa ted  w i t h  d i -  
e l e c t r i c  m a t e r i a l s ,  and both ion and e l e c t r o n  f l u x e s  a r e  a p t  t o  
be s t r o n g l y  heterogeneous f u n c t i o n s  over  t h e  s a t e l l i t e ' s  s u r f a c e .  
The degree  of  he t e rogene i ty  w i l l  be a f f e c t e d  by t h e  geometry of 
t h e  s a t e l l i t e ,  i t s  motion through t h e  ionosphere ,  t h e  v a r i a t i o n  
of  s u r f a c e  p r o p e r t i e s ,  such as  secondary y i e l d ,  and by t h e  mag- 
n e t i c  f i e l d .  Undoubtedly t h e  shea th  surrounding t h e  o r b i t e r  w i l l  
have a complicated geomet r ica l  s t r u c t u r e  n o t  e a s i l y  r ep re sen ted  
by s imple  s p h e r i c a l  probe models. Mult idimensional  computer 
models w i l l  be r equ i r ed  t o  determine t h e  s t rong  d i f f e r e n t i a l  v o l t -  
ages  which a r e  expected t o  develop on t h e  v e h i c l e .  

CONCLUSIONS 

Ambient c u r r e n t s  of  ho t  e l e c t r o n s  (5-10 keV) of  200 uA/m 
2 

w i l l  charge  a 5 meter sphere  i n  l o w  p o l a r  e a r t h  o r b i t  t o  k i l o v o l t  
p o t e n t i a l s  i n  e c l i p s e .  Such p o t e n t i a l s  a r e  about  1 o r d e r  o f  mag- 
n i t u d e  l a r g e r  than  occur  f o r  smal ler  s a t e l l i t e s  (?.% 1. 0.5 m )  i n  

a s i m i l a r  o r b i t .  On t h i s  b a s i s ,  one should expec t  n e g a t i v e  poten- 
t i a l s  of around 1 k i l o v o l t  to  develop on t h e  s h u t t l e  o r b i t e r .  Be- 
cause  of t h e  d i e l e c t r i c  coa t ing  on t h e  o r b i t e r ,  and t h e  non-uniform 



c h a r a c t e r  of t h e  charged p a r t i c l e  f l u x e s  expected a t  t h e  v e h i c l e ' s  
s u r f a c e ,  d i f f e r e n t i a l  s u r f a c e  p o t e n t i a l s  of t h e  o r d e r  o f  one k i l o -  
v o l t  should a l s o  occur .  
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Figure 1. - The I-V characteristic for a spherical probe in a small 
Debye length plasma. Note how even at large potentials the probe 
collects just a few times the plasma thermal current. The dashed 
line is for long Debye length orbit limited collection. It is not 
applicable to large objects in low earth orbit. 

/\ = 0 

/ (ORBIT LIMITED) 

Figure 2. - The V-I characteristic! for a spherical probe in a small 
Debye length plasma. Note how even a small increase in probe cur- 
rent causes a very large change in the potential of the sphere. 
The dashed line is for long Debye length, orbit limited collection. 



Figure 3. - Satellite potential as function of current density 
ratio. 


	Navigation
	Spacecraft Charging Technology 1980
	Preface
	Table of Contents
	Keynote Address--Dell P Williams III 
	SESSION 1 - Material Responses
	Dielectric Discharge Characteristics in a Two-Electron Simulation Environment
	Electron-Beam-Charged Dielectrics- Internal Charge Distribution
	Bulk Charging and Breakdown in Electron-Irradiated Polymers
	Charging and Discharging Teflon
	Experimental Validation of a Numerical Model Predicting the Charging Characteristics of Teflon and Kapton under Electron Beam
	Role of Energetic Particles in Charging-Discharging of Spacecraft Dielectrics
	Electron Penetration of Spacecraft Thermal Insulation
	Electrostatic Discharging Behavior of Kapton Irradiated with Electrons
	Dielectric Surface Discharges- Effects of Combined Low-Energy and High-Energy Incident Electrons
	Preliminary Comparison of Material Charging Properties using Single Energy and Multi-energy Electron Beams
	Brushfire Arc Discharge Model

	SESSION 2 - Material Characterization
	Effects of Secondary Electron Emission on Charging
	Secondary Electron Emission Yields
	Oblique-Incidence Secondary Emission from Charged Dielectrics
	Tank Testing of a 2500-cm2 Solar Panel
	Charging and Discharging Characteristics of a Rigid Solar Array
	Materials Characterization Study of Conductive Flexible Second Surface Mirrors
	Design of an Arc-Free Thermal Blanket
	Charging Control Techniques
	Charging Characteristics of Silica Fabrics
	Electrostatic Charging Characteristics of Thermal Control Paints of Functions Temperature
	Evaluation Charge Control Techniques of Spacecraft Thermal Surfaces (Electrostatic Discharge Study)
	Conduction through Puncutres in Metal-Backed Dielectrics
	Accelerated Alpha-S Deterioration in a Geostationary Orbit

	SESSION 3 - SCATHA Flight Data
	Operational Status of the Space Test Program P78-2 Spacecraft and Payloads
	Electron Angular Distributions During Charging Events
	Operation of SC5 Rapid Scan Particle Spectrometer on SCATHA Satellite
	Review of Hot Plasma Compsoition Near Geosynchronous Altitude
	SCATHA Observations of Space Plasma Composition During a Spacecraft Charging Event
	P78-2 Engineering Overview
	Satellite Surface Potential Survey
	Preliminary Analysis of Data from SRI International Transient Pulse Monitor on Board P78-2 SCATHA Satellite
	Aspect Dependence and Frequency Spectrum of Electrical Discharges on the P78-2 (SCATHA) Satellite
	Flight Evidence of Spacecraft Surface Contamination Rate Enhancement by Spacecraft Charging Obtained with a Quartz Crystal Microbalance
	P78-2 Satellite and Payload Responses to Electron Beam Operations on March 30 1979

	SESSION 4 - Analytical Modeling
	Representation and Material Charging Response of GEO Plasma Environments
	Simulation of Charging Response of SCATHA (P78-2) Satellite
	SCATHA SSPM Charging Response- NASCAP Predictions Compared with Data
	Three-Dimensional Analysis of Charging Events on Days 87 and 114- 1979  from SCATHA
	Computer Simulation of Spacecraft Charging on SCATHA
	Analysis of Ambient and Beam Particle Characteristics 3-30-79
	Comparison of NASCAP Modeling Results with Lumped-Circuit Analysis
	NASCAP Charging Caalculations for a Synchronous Orbit Satellite
	Results from a Two-Dimensional Spacecraft-Charging Simulation and Comparason with a Surface Photocurrent Model
	Analytical Modeling of Satellites in Geosynchronous Environment
	Calculation of Surface Current Response to Surface Flashover of a Large Sample under Grounded and Floating Conditions
	Model of Coupling of Discharges into Spacecraft Structures
	Disappearance and Reappearance of Particles of Energies - as seen by P78-2 (SCATHA) 

	SESSION 5 - Systems Design and Test
	Military Standards and SCATHA Program and Update of MIL-STD-1541
	Military Standard for Spacecraft Charging Status Report
	Use of Charging Control Guidelines for Geosynchronous Satellite Design Studies
	P78-2 SCATHA Environmental Data Atlas
	METEOSTAT Spacecraft Charging Investigation
	Electron Irradiation Tests on European Meteorological Satellite
	Spacecraft Charging Technology in the Satellite X-Ray Test Facility
	Simulation of Spacecraft Charging Environments by Monoenergetic Beams
	Importance of Differential Charging for Controlling both Natural and Induced Vehicle Potentials
	A Comparison of Three Techniques of Discharging Satellites
	Electromagnetic Fields Produced by Simulated Spacecraft Discharges

	SESSION 6 - Environmental Interactions
	Agreement for NASAIOAST-USAF-AFSC Space Interdependency on Spacecraft Environment Interaction
	Plasma Interactions with Solar Arrays at High Voltages
	Experimental Plasma Leakage Currents to Insulated and Uninsulated 10 m2 High-Voltage Panels
	Numerical Simulation of Pasma-Insulator Interactions in Space Part 1- The Self-Consistent Calculation
	Numerical Simulation of Plasma-Insulator Interactions in Space Part 2- Dielectric Effects
	Three-Dimensional Space Charge Model for Large High-Voltage Satellites
	Charging of a Large Object in Low Polar Earth Orbit
	PANEL DISCUSSION





