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SUMMARY 

Deta i l ed  observa t ions  of angular  d i s t r i b u t i o n s  of i o n s  and e l e c t r o n s  
from t h e  SCATHA (Spacec ra f t  Charging a t  High A l t i t u d e s )  SC-5 experiment were 
used t o  i n v e s t i g a t e  t h e  f l o a t i n g  p o t e n t i a l  and t h e  d i f f e r e n t i a l  charg ing  
of t he  spacec ra f t  a s  deduced from L i o u v i l l e ' s  theorem and computed by t h e  
NASCAPIAFGL code. The h ighes t  r e s o l u t i o n  d a t a  from t h e  SCATHA SSPM exper i -  
ment were compared t o  t he  SC-5 charged p a r t i c l e  f l u x e s  and t o  t h e  NASCAPIAFGL 
computations. Th i s  s tudy  l e d  t o  t h e  fo l lowing  conc lus ions :  a )  Short-t ime 
charging events  on t h e  s p a c e c r a f t  a r e  a s s o c i a t e d  wi th  short- t ime i n c r e a s e s  of 
t he  i n t e n s i t y  of 10  keV t o  1 MeV e l e c t r o n s ,  b )  Shor t  time changes of t h e  
s p a c e c r a f t  d i f f e r e n t i a l  p o t e n t i a l  a r e  a s s o c i a t e d  wi th  s imultaneous short- t ime 
changes of t h e  s p a c e c r a f t  f l o a t i n g  p o t e n t i a l ,  c )  S o l a r  U.V. i n t e n s i t i e s  i n  
penumbra, a s  monitored by t h e  s o l a r  pane ls  t o t a l  c u r r e n t ,  a n t i c o r r e l a t e  wi th  
t he  s p a c e c r a f t  f l o a t i n g  p o t e n t i a l s ,  d )  Rased on t h e  measured p r o f i l e s  of U.V 
i n t e n s i t i e s ,  NASCAP p r e d i c t s  c o r r e c t  forms of sun-shade asymmetric s u r f a c e  
p o t e n t i a l s  c o n s i s t e n t  wi th  t h e  SSPM measurements, e)  C e r t a i n  enhancements of 
t h e  i n t e n s i t y  of e n e r g e t i c  i o n s  (Ei>lOO keV) have been observed t o  d imin ish  
t h e  dbso lu t e  value of t he  s p a c e c r a f t  s u r f a c e  p o t e n t i a l ,  f )  Spacec ra f t  d i s -  
charging events  ~n times s h o r t e r  t han  20 s e c  have been observed without  
obvious changes i n  t h e  spectrum of t h e  e n e r g e t i c  (E > 10 keV) plasma, g) 
P a r t i a l  d i scharg ing  of t h e  s p a c e c r a f t  h a s  occas iona l ly  been observed upon 
e n t r y  i n t o  a magnet ical ly  deple ted  reg ion ,  h )  Steady s t a t e  p o t e n t i a l s  and 
t r a n s i e n t  p o t e n t i a l s  of d u r a t i o n  l e s s  t han  30 seconds have been s u c c e s s f u l l y  
s imula ted  by the NASCAP code. 



INTRODUCTION 

Opera t iona l  spacec ra f t  (SIC) experience a  hos t  of anomalies which vary  
from nuisance t o  f a t a l i t y .  I t  i s  bel ieved t h a t  e l e c t r o s t a t i c  charg ing  
even t s  a r e  r e spons ib l e  f o r  some of t he se  anomalies e s p e c i a l l y  a t  h igh  a l t i -  
t udes  and a t  t h e  popular  commercial b e l t ,  t h e  geosynchronous o r b i t . .  A t  low 
a l t i t u d e s  i n  t h e  absence of i n t ense  f i e ld -a l i gned  c u r r e n t s  (FAC) a  h igh  
concen t r a t i on  of co ld  ionospher ic  plasma keeps t he  S/C f l o a t i n g  p o t e n t i a l  
a t  a  small  nega t ive  value.  The s i t u a t i o n  however, changes f o r  t h e  worse 
when FAC's w i th  increased  d e n s i t i e s  s t r i k e  t h e  su r f ace  a r e a  of a  l a r g e  
s t r u c t u r e .  Large s t r u c t u r e s  then  charge up t o  k i l o v o l t  p o t e n t i a l  l e v e l s  
which may c o n s t i t u t e  a  s e r i o u s  hazard t o  such S/C o r b i t i n g  t h e  e a r t h  a t  
lower po l a r  a l t i t u d e s .  

Observed f a s t  d i scharges  can generate  l a r g e  ampli tude c u r r e n t  pu l se s  
on power o r  S/C ground l i n e s  and des t roy  s e n s i t i v e  s o l i d  s t a t e  devices .  
To avoid  such c o s t l y  l o s s e s ,  i t  i s  h ighly  d e s i r a b l e  t o  enhance our  under- 
s t and ing  of s u r f a c e  m a t e r i a l  p rope r t i e s  and t o  develop servomechanisms 
which w i l l  a c t i v e l y  c o n t r o l  the  S/C p o t e n t i a l .  Perhaps t h e  emission of ener- 
g e t i c  i on  beams toge the r  wi th  n e u t r a l i z i n g  co ld  e l e c t r o n s  i s  a  s a t i s f a c t o r y  
c o n t r o l  system. NASA and t h e  IJSAF, u s ing  t h e i r  experience from the  SCATHA 
(S/C Charging a t  High Al t i t udes )  s a t e l l i t e ,  hope t o  s tudy  t h e  charg ing  
c h a r a c t e r i s t i c s  important  t o  the  design of s o l a r  power s a t e l l i t e s  and o t h e r  
space-based l a r g e  s t r u c t u r e s .  

The SCATHA s p a c e c r a f t  i s  an i n t e g r a l  p a r t  of a  mission t h a t  i n t e r e s t s  
p h y s i c i s t s  and eng inee r s  a l i k e  whose goa l  i s  t h e  prevent ion of s p a c e c r a f t  
charging. SCATHA, o therwise  designated a s  s a t e l l i t e  P78-2, was launched 
i n t o  a near-geosynchronous o r b i t  on 30 January 1979. By 2 February 1979, 
t h e  o r b i t  w a s  ad jus t ed  t o  conform to  a  per iod of 23.597 hours ,  a  per igee  
of 27,517 km and apogee of 43,192 km and an  i n c l i n a t i o n  of 7.0g0. The 
P78-2 s a t e l l i t e  s p i n s  a t  the  r a t e  of about  1 rpm wi th  t h e  s p i n  a x i s  
po in t ing  a long  t h e  d i r e c t i o n  of t he  v e c t o r  S X 2 where S po in t s  towards 
t h e  sun  and Z a long  t h e  geographic no r th  ax i s .  

F igure  1 shows t h e  P78-2 S/C payload. Of p a r t i c u l a r  i n t e r e s t  t o  t h i s  
work a r e  two experiments  which measure t he  S/C p o t e n t i a l s  w i th  one second 
r e so lu t ion .  They a r e  designated as SC-1 and SC-5. Both of t he se  ins t ruments  
a r e  desc r ibed  i n  f u l l  d e t a i l  i n  ( r e f .  1 ) .  The SC-1 experiment ,  o therwise  
known a s  SSPM (Spacecraf t  Surface P o t e n t i a l  Monitor),  c o n s i s t s  of t h r e e  sepa- 
r a t e  ins t ruments  (SSPM-1,-2 and-3) which provide measurements of t h e  su r f ace  
vo l t age  and t h e  bulk c u r r e n t  of SIC i n s u l a t i n g  and conduct ing m a t e r i a l s  f r e -  
quen t ly  used i n  SIC cons t ruc t ion .  Redundant measurements of aluminized 
kapton a r e  made on each of t h e  th ree  ins t ruments  (SC1-1, SC1-2, and SC1-3) 
see Figure  2. The SC1-3 sample i s  mounted on t h e  t op  p lane  of t h e  S/C 
having i t s  normal p a r a l l e l  t o  t h e  SIC s p i n  a x i s .  The o t h e r  two samples,  
mounted near  t h e  equa tor  of the  r o t a t i n g  SIC, spend about t h i r t y  seconds i n  
darkness  and t h i r t y  seconds i n  l i g h t  du r ing  one s p i n  per iod  while  no t  i n  t h e  
e a r t h ' s  shadow. The f r o n t  s u r f a c e  p o t e n t i a l  of t he  samples i s  der ived  from 
t h e  back su r f ace  p o t e n t i a l  us ing  labora tory  c a l i b r a t i o n  curves.  



The SC-5 instrument  scans  r a p i d l y  through t h e  spectrum of e l e c t r o n s  
from 50 eV t o  1.1 MeV and of protons from 50 eV t o  35 MeV. The r ap id  scan  
p a r t i c l e  d e t e c t o r s  measure t he  d i f f e r e n t i a l  charged p a r t i c l e  f l u x  p a r a l l e l  
and perpendicular  t o  t he  SIC s p i n  a x i s .  From t h e  f u l l  p i t c h  ang le  informa- 
t i o n  i n  one plane, one d e r i v e s  tempera tures ,  number d e n s i t i e s ,  and bulk flow 
v e l o c i t i e s .  From energy dependent p i t c h  angle  a n i s o t r o p i e s  i n  t h e  d i s t r i b u -  
t i o n ,  one can i n f e r  t he  occurrence of SIC charging. 

I n  a  cooperat ive e f f o r t  NASA and t h e  U.S. A i r  Force have supported t h e  
e f f o r t  of s3 (Systems, Science and Software,  Inc.)  which developed a  
charging ana lyzer  program known by a  combination of acronyms a s  NASCAP/AFGL. 
This  code s imula tes  the  e l e c t r o s t a t i c  charg ing  of a  t h r e e  dimensional  o b j e c t  
a t  geosynchronous environments. More s p e c i f i c a l l y ,  an  o b j e c t  i s  introduced 
i n t o  t h e  program by de f in ing  t h e  geomet r ica l  and e l e c t r i c a l  p r o p e r t i e s  of 
t h e  s t r u c t u r a l  m a t e r i a l s  wi th  cons iderab le  complexity. Then t h e  o b j e c t  i s  
allowed t o  i n t e r a c t  wi th  a  magnetospheric plasma i n  darkness  o r  i n  l i g h t .  
Having a t  i t s  d i s p o s a l  t he  o b j e c t  d e f i n i t i o n  and the  d e s c r i p t i o n  of t h e  
ambient plasma, t he  program so lves  a  f u l l y  t h r e e  dimensional problem 
involv ing  Poisson ' s  equat ion.  The charge d i s t r i b u t i o n  on t h e  s p a c e c r a f t  
s u r f a c e s  i s  ca l cu l a t ed  from the  t o t a l  c u r r e n t  t o  t h e  s p a c e c r a f t  t ak ing  i n t o  
account proton and e l e c t r o n  inc idence ,  backsca t t e r ing ,  and secondary emission 
( e l e c t r o n s  only). NASCAP/AFGL has e x c e l l e n t  g r aph ic s  f o r  o b j e c t  represen ta -  
t i o n ,  e x t e r n a l  p o t e n t i a l  contours ,  and e x t e r n a l  space charge d e n s i t y  contours .  

The code o b t a i n s  t he se  r e s u l t s  by fo l lowing  an  a l t e r n a t i n g  procedure 
where i n  every s t e p  i t  c a l c u l a t e s  t h e  charge accumulation and t h e  r e s u l t i n g  
e l e c t r o s t a t i c  p o t e n t i a l  on each SIC su r f ace .  The c a l c u l a t i o n s  can be made 
i n  t he  presence of ambient magnetic and e l e c t r i c  f i e l d s .  A s  an  op t ion ,  t h e  
code can do a  f i r s t  o rde r  photosheath a n a l y s i s .  More d e t a i l s  can be found 
i n  ( r e f .  2 )  and r e f e r ences  t he re in .  I n  t h i s  pa.per w e  p r e sen t  some d e t a i l e d  
observa t ions  and model c a l c u l a t i o n s  which l ead  t o  t he  conc lus ions  t h a t  t h e  
r e s u l t s  from SSPM, SC5, and t h e  NASCAP code a r e  i n t e r n a l l y  and l o g i c a l l y  
cons i s t en t .  

CHARGING I N  ECLIPSE 

On day 87, 1979 SCATHA en te red  t h e  e a r t h ' s  penumbra a t  1615:26 UT 
(Universa l  Time) and the  e a r t h ' s  umbra a t  1618:38 UT. The s p a c e c r a f t  d i d  
no t  show a change of i ts  charging s t a t e  u n t i l  1635:OO UT. I n  t h e  prev ious  
h a l f  hour t he  e n e r g e t i c  e l e c t r o n s  (10 <Ee < 58 keV) were two t o  t h r e e  
o rde r s  of magnitude lower i n  count ing r a t e  i n  comparison wi th  t h e  averge 
i n  t h e  preceding two hours. A t  16:36 UT t h e  a u r o r a l  AE index r o s e  suddenly, 
reaching a  value of 1000 nT (InT = 10'5 gauss) .  To w i t h i n  f o r t y  seconds of 
t h i s  t ime, the e n e r g e t i c  e l e c t r o n  count ing r a t e  ro se  above t h e  preceding 
dropout l e v e l s  by about  one o rde r  of magnitude. For t h e  fo l lowing  f i v e  
minutes ,  t h e  charged p a r t i c l e  f l u x e s ,  t he  S/C ground p o t e n t i a l ,  and t h e  SIC 
d i f f e r e n t i a l  p o t e n t i a l  a l l  underwent f a s t  (seconds)  temporal v a r i a t i o n s .  

F igure  3 shows d a t a  from t h e  SC5 and t h e  SC1 experiments  on SCATHA. 



The top  panel  shows sun ang le  and p i t c h  ang le  f o r  t h e  SC5 e l e c t r o n  d e t e c t o r  
p a r a l l e l  t o  t h e  SIC s p i n  a x i s .  The middle pane l  shows t h e  e l e c t r o n  f l u x e s  
f o r  e i g h t  channels  i d e n t i f i e d  by t h e i r  e n e r g i e s  and a  s h i f t  number N i n  
decades needed t o  s e p a r a t e  t h e  t r a c e s .  The lower panel  l e f t  s c a l e  r e f e r s  
t o  t h e  SSPM v o l t a g e  of t h e  samples on top of t h e  s a t e l l i t e .  The s c a l e  on 
the  r i g h t  r e f e r s  t o  t h e  magnitude of the t o t a l  r e a l  f i e l d  a s  measured by t h e  
magnetometer SC-11 on SCATHA. The e l e c t r o n  measurements were taken a t  a  
f i x e d  (90") p i t c h  angle .  A t  about 1636:12 UT we noted a  cont inuous i n c r e a s e  
i n  t h e  f l u x  of energy Ee < 8.97 keV while t h e  f l u x e s  of energy Ee > 8.97 keV 
dropped more ab rup t ly .  The more ene rge t i c  p a r t i c l e s  reached t h e i r  peak a t  
1637 UT whereas t h e  less e n e r g e t i c  ones reached t h e i r  minimum va lue  a t  
about 1638 UT. This  f l u x  dependence on energy can be understood i n  terms 
of SIC charg ing  where t h e  bu i ldup  of negat ive charge on t h e  SIC i n h i b i t s  
t h e  c u r r e n t  flow away from t h e  SIC. T t  took under two minutes f o r  t h e  SIC 
ground t o  reach a  nega t ive  vo l t age  between -4.57 and -8.97 kV. The average 
va lue  i s  -6.8 kV. A t  1638 UT, SC9 reported a  va lue  of -8.14 kV and SC2 
r epo r t ed  t he  va lue  of -6.9 kV. Our value a g r e e s  very w e l l  wi th  SC2 and i s  
c o n s i s t e n t  wi th  t h e  va lue  of SC9. 

L a t e r  i n  t h e  p l o t  t he  lower energy p a r t i c l e s  recovered during two s h o r t  
UT i n t e r v a l s  (1638:40 - 1639:10 and 1639:40 - 1640:OO). The 0.1 keV e l e c -  
t r o n s  recovered i n  t h e  f i r s t  t i m e  i n t e r v a l  hu t  no t  i n  t h e  second. Thus we 
would p l ace  t h e  f i r s t  SIC ground p o t e n t i a l  a t  0.1 kV and t h e  second a t  
0.3 kV. The SC9 experiment repor ted  a  0.45 kV and 1.2 kV SIC ground poten- 
t i a l s  f o r  t h e  two i n t e r v a l s  above. 

I n  bottom panel  of Figure 3 ,  t h e  3V3 t r a c e  corresponds t o  the  f r o n t  
su r f ace  vo l t age  of t h e  q u a r t z  f a b r i c  sample. A change of i t s  charging s t a t e  
comnenced a t  1636:40 UT corresponding t o  t h e  peaking of Ee = 23.2 keV e l ec -  
t r ons .  The 3V2 t r a c e  corresponds t o  s i l v e r e d  t e f l o n  sample. It responded 
f i v e  seconds l a t e r  co inc id ing  wi th  the  peaking of Ee = 52.7 keV e l e c t r o n  
f l uxes .  Both samples cont inued t o  charge l i n e a r l y  i n  t i m e  up u n t i l  1638:40 
UT. Then both samples p a r t i a l l y  discharged f o r  t h i r t y  seconds keeping i n  
phase wi th  t h e  SIC ground d i scha rg ing  i n  t h e  same t i m e  i n t e r v a l .  A s i m i l a r  
event  was repea ted  i n  t h e  i n t e r v a l  between 1639:40 and 1640:OO UT. I t  is  
i n t e r e s t i n g  t o  no te  t h a t  t h e  magnetic f i e l d  s t r e n g t h  was s i g n i f i c a n t l y  
reduced dur ing  t h e  f i r s t  SIC discharge. Perhaps t h e  magnetometer sensed a  
c u r r e n t  surge on t h e  SIC s u r f a c e  of the kind t h a t  would cause damage t o  
s o l i d  s t a t e  devices .  The magnetometer saw a l e s s e r  c u r r e n t  flow i n  t h e  
second i n t e r v a l  (1639:40 - 1640:OO) UT, 

F igure  4 i s  similar t o  Figure 3 except f o r  more e n e r g e t i c  e l e c t r o n s .  
The i n c r e a s e  of t h e  f l u x e s  a t  t h e  onset  of d i f f e r e n t i a l  charg ing  i s  obvious. 
The responding SSPM sample 1 V 1  i s  aluminized kapton. I t  began charging a t  
1636:30, about t e n  seconds e a r l i e r  than t h e  commencement of charging i n  
F igure  3, which corresponds t o  peaking of e l e c t r o n  f l u x  i n  t h e  energy range 
Ee < 23.2 keV. Kapton a l s o  p a r t i a l l y  d i scharged  dur ing  t h e  1638:40 t o  
1639:10 UT i n t e r v a l .  The minimum d i f f e r e n t i a l  charg ing  of kapton was about  
-1750 v o l t s  a t  1640:20 UT. A t  t h a t  same t i m e  i n t e r v a l ,  s i l v e r e d  t e f l o n  of 
F igure  3 reached about  -1500 v o l t s .  The o t h e r  two SSPM samples a r e :  o p t i c a l  
s o l a r  r e f l e c t o r  (1V3) and gold (1V4). Both remained l e s s  nega t ive  t han  -200 



v o l t s .  There i s  a  s t r i k i n g  d i f f e r e n c e  i n  t h e  behavior  of t he  su r f ace  poten- 
t i a l s  between m a t e r i a l s  placed on t o p  and m a t e r i a l s  p laced  near  t h e  equa tor  
of t h e  spacec ra f t .  The d i f f e r e n c e s  cannot be reso lved  by energy dependent 
p i t c h  ang le  an i so t rop i e s .  Other phenomena caus ing  t i n e  dependent behavior  
of t h e  e l e c t r i c a l  p r o p e r t i e s  of t h e  m a t e r i a l s  must be s t u d i e d  more in ten-  
s i v e l y .  

I n  add i t i on  t o  t h e  more a c c u r a t e  r e p r e s e n t a t i o n  of t h e  SCATHA ob jec t  
(F igure  2,  four g r i d  model) i n  t h e  NASCAP/AFGL code, t h e  program a c c e p t s  
s imp le r  models roughly approximating t h e  r e a l i s t i c  three-dimensional repre-  
s e n t a t i o n  of the  s a t e l l i t e .  I n  o rde r  t o  s tudy  e f f e c t s  of space plasma on 
t h e  SIC i n  the absence of s u n l i g h t ,  we s e l e c t e d  a  t e s t  o b j e c t  i n  t h e  shape 
of a  quasisphere,  a  f i g u r e  wi th  26 s i d e s  i n sc r ibed  i n  a  sphere  a s  shown 
i n  Figure 5. A l l  t h e  s u r f a c e s  a r e  covered with goldpd, a  grounded con- 
duc to r ,  except f o r  f o u r  squares  f a c i n g  t h e  +Y d i r e c t i o n  covered wi th  s i l i c o n  
d iox ide ,  t e f l on ,  gold,  and kapton,  a l l  allowed t o  f l o a t  r e l a t i v e  t o  SIC 
ground. The f o u r  pa tches  a r e  meant t o  r ep re sen t  t h e  SC1 sample m a t e r i a l s .  
The gold sample i s  decoupled from the  under ly ing  conductor  v i a  a  l a r g e  
capac i to r .  

F igure  6 shows t h e  s teady  s t a t e  p o t e n t i a l s  assumed by t h e  SIC ground 
(goldpd)  and the four  samples mentioned above us ing  space plasma ternpera- 
t u r e s  and d e n s i t i e s  der ived  f r o n  t h e  SC5 experiment.  We s e l e c t e d  those  
s p e c t r a  during e c l i p s e  when t h e  SIC ground vo l t age  was a t  a  low nega t ive  
l e v e l .  We f i t  t h e  s e l e c t e d  s p e c t r a  wi th  two Maxwellian d i s t r i b u t i o n s  i n  
t h e  ranges 0.1 t o  2  keV and 2 t o  60 keV. The r e s u l t i n g  temperatures  and 
d e n s i t i e s  were averaged i n  t h e  s e p a r a t e  energy i n t e r v a l s .  The low energy 
range temperatures and d e n s i t i e s  f o r  e l e c t r o n s  and pro tons  r e s p e c t i v e l y  were 
(Tel = 0.338 keV, nel - 0.12 c d 3 )  and (T = 0.207 keV, n  - 0.62 c i 3 ) .  

P 1  S i m i l a r 1  t he  h igher  energy range parameters  w r e  (Te2 = 9 ~ 4 4  keV, ne2 = -3 -5 0.38 cm ) and (T = 6.09 keV, n  = 0.47 c m  . The kapton Sam l e  th ick-  
~2 nes s  was set a t  1!$7~10-~m and i t s  bulk conduc t iv i t y  a t  o = mholm. 

The decoupling c a p a c i t o r  f o r  gold was s e t  a t  Ci .= 5x10-'~ and the  g r i d  
mesh Xmes~, was s e t  a t  0.5m t o  make the  model tol!al volume comparable t o  t h a t  
of t he  r e a l  spacecraf t .  F igure  6 shows t h a t  goldpd (SIC ground) charged t o  
-1689 v o l t s .  The average SIC ground vo l t age  from 1634:54 t o  1715:54 UT was 
-2771 v o l t s  as der ived  from SC9 i o n  count ing  r a t e  d a t a  provided by Eldon 
Whipple of UCSD. I n  a  l a t e r  t i m e  i n t e r v a l  from 1703:53 t o  1715:54, t he  
average SIC ground p o t e n t i a l  was -2063 v o l t s  d i f f e r i n g  only by a  17% from 
t h e  NASCAPIAFGL code c a l c u l a t e d  va lue  f o r  goldpd. The d i f f e r e n t i a l  charg ing  
f o r  t h e  f o u r  samples r e l a t i v e  t o  goldpd were (-2505, -1453, -20, and +65) 
v o l t s  f o r  (kapton, t e f l o n ,  s i l i c o n  d ioxide  (SI02) ,  and go ld ) ,  r e spec t ive ly .  
The l a r g e s t  negat ive va lues  measured by the  SSPM experiment were (-1700, 
-2150, -1100, and -200) v o l t s  f o r  (1V1 (kapton) ,  3V2 ( t e f l o n ) ,  3V3 (SI02) ,  
and IV4 (gold) ) ,  r e spec t ive ly .  Except f o r  S102 which t h e  code p r e d i c t s ,  
l i k e  goldpd, the p o t e n t i a l s  l e s s  than -200 v o l t s  a r e  p red i c t ed  t o  w i t h i n  
a  f a c t o r  of two of t he  exper imenta l  values .  



SPACECRAFT CHARGING DURING ENTRY I N T O  ECLIPSE 

On Day 114, 1979 SCATHA entered  t h e  e a r t h f  s penumbra a t  07 10: 10 UT and 
was e c l i p s e d  t o t a l l y  a t  0713 :26 UT. During t h e  penumbral t r a n s i t  t h e  s o l a r  
i l l umina t ion  diminished by atmospheric s c a t t e r i n g  of s u n l i g h t  and t h e  S/C 
photocurrent  was decreased i n  d i r e c t  p ropor t ion .  A temporal v a r i a t i o n  of 
t h e  SIC photocurrent  r e s u l t e d  i n  a  v a r i a t i o n  of t h e  SIC ground potential. 
Figure 7  shows t h e  d i r e c t i o n a l  d i f f e r e n t i a l  i n t e n s i t y  of i ons  w i t h  energy 
Ep= 9.66 keV, t he  d i r e c t i o n a l  d i f f e r e n t i a l  i n t e n s i t y  of e l e c t r o n s  wi th  
energy Ee = 4.42 keV and t h e i r  r e spec t ive  p i t c h  angle  a l l  p l o t t e d  ve r sus  UT. 
The i n t e n s i t y  of t h e  90° f l u x e s  and t h e  na tu re  of t h e  dependence of f l u x  on 
p i t c h  angle  change d r a s t i c a l l y  around 0713 UT. The e l e c t r o n  f l u x  fo l lowing  
t h i s  time i s  gene ra l ly  reduced by a  f a c t o r  of 2  whereas t h e  proton f l u x  i s  
gene ra l ly  increased  by f a c t o r s  of 4. The e l e c t r o n  f l u x  an iso t ropy  becomes 
deeper a f t e r  0713 UT maintaining a  r a t i o  of perpendicular  t o  p a r a l l e l  f l u x e s  
of about  2 f o r  a t  l e a s t  seven minutes. I n  c o n t r a s t  t h e  proton f l u x e s  a n t i -  
c o r r e l a t e  w i t h  t h e  e l e c t r o n  f l u x e s  and they main ta in  a  r a t i o  of p a r a l l e l  t o  
perpendicular  number f l u x e s  of about 5. The s imu l t ane i ty  of s o l a r  UV decrease 
wi th  t h i s  a c c e l e r a t i o n  of i ons  and dece l e ra t ion  of e l e c t r o n s  a rgues  i n  favor  
of a  SIC charging event  whereby the  p o t e n t i a l  reached about  -7 kV capable of 
a f f e c t i n g  t h e  Ep = 9.66 keV and the  Ee = 4 A2 keV channels .  The f a c t  t h a t  
t h e  ions  ( e l e c t r o n s )  a r e  p r e f e r e n t i a l l y  acce l e ra t ed  (dece l e ra t ed )  a long  t h e  
0" and the  180" p i t c h  angles  (D B; where, D and B a r e  u n i t  v e c t o r s  w i t h  D 
being t h e  d e t e c t o r  look  d i r e c t i o n  and B being t h e  d i r e c t i o n  of t h e  magnetic 
f i e l d )  argues a g a i n s t  a  s i n g l e  l o c a l i z e d  p o t e n t i a l  drop p a r a l l e l  t o  t he  mag- 
n e t i c  f i e l d  a t  a  l a t i t u d e  o the r  than t h a t  of t h e  SIC on t h e  same f i e l d  l i n e s .  

Figure 8  shows d i s t r i b u t i o n s  from t h e  SC5 r a p i d  scanning p a r t i c l e  
d e t e c t o r s  (RSPDfs) p a r a l l e l  t o  t h e  SIC s p i n  a x i s  dur ing  t h e  precharging 
per iod  a t  about 0706 UT and during the  charging per iod  a t  about  0717 UT. 
One r e a d i l y  observes t h a t  t h e  e l e c t r o n  d i s t r i b u t i o n  func t ions  a r e  s h i f t e d  t o  
lower ene rg i e s  by about  4  keV and the ions  t o  h ighe r  ene rg i e s  by about  8  keV. 
Due t o  t h e  wide energy windows of the channels AEIE = 1, we cannot spec i fy  
t h e  SIC p o t e n t i a l  very accu ra t e ly  using t h i s  method. The SC-9 experiment 
wi th  b e t t e r  energy r e s o l u t i o n  repor ted  a  S/C ground p o t e n t i a l  of about -5 kV 
a t  around 0717 UT. This r e s u l t  is  c o n s i s t e n t  wi th  our  i n f e r r e d  SIC ground 
p o t e n t i a l  r e l a t i v e  t o  plasma ground. Single  Maxwellian f i t s  of t h e  d i s t r i -  
bu t ions  i n  Figure 8  overes t imate  the temperatures  of lower energy plasma 
(5 < E < 25 keV). For t h a t  reason we chose a  plasma about  two t imes co lde r  
than  t h a t  a t  0706 UT and assumed i t  does not change throughout t h e  penumbral 
t r a n s i t .  ' he  temperatures  and d e n s i t i e s  f o r  e l e c t r o n s  and protons,  resp?i- t i v e l y ,  were (T, = 6.4 keV, ne = 0.8 cm3)and (T = 5.8 keV, np = 0.5 cm ). 
This information was then f e d  i n t o  t h e  N A S C A P I A ~ L  code f o r  t h e  quas isphere  
model. The program was allowed t o  run u n t i l  i t  reached equi l ibr ium s u r f a c e  
p o t e n t i a l s .  Then we turned the  so l a r  i n t e n s i t y  on a s  a  func t ion  of tfme but  
now w i t h  t h e  t i m e  reversed .  Figure 9  shows t h e  e i g h t  minute c a l c u l a t i o n s  of 
S/C ground (goldpd) p o t e n t i a l ,  i n s u l a t o r  ( t e f l o n )  p o t e n t i a l ,  and i n s u l a t o r  
(kapton)  p o t e n t i a l  going backwards i n  time from 0714 UT t o  0706 UT. One 
c l e a r l y  observes t h a t  t h e  t r a n s i e n t  n a t u r e  of t h e  p o t e n t i a l s  resembles the  
t r ansmi t t ed  curve of s u n l i g h t  through t h e  atmosphere p l o t t e d  a g a i n s t  t h e  



impact parameter. The S/C ground and t h e  i n s u l a t i n g  m a t e r i a l s  su r f ace  
vo l t ages  respond t o  s o l a r  UV a s  soon a s  t h e  s o l a r  i l l u m i n a t i o n  l e v e l  
reaches  20%. The s p i n  modulation of t h e  s u r f a c e  p o t e n t i a l s  of t e f l o n  and 
kapton samples a r e  due t o  SIC shadowing. During e c l i p s e ,  t e f l o n  and 
kapton.  reached -1900 and -4900 v o l t s  lower than  goldpd. I n  f u l l  s u n l i g h t ,  
t h i s  computer run showed t h a t  t e f l o n  discharged almost completely reaching 
-50 v o l t s  i n  comparison t o  t h e  +5 v o l t s  of goldpd. Kapton maintained a  
minimum of -800 v o l t s  i n  S/C shadow and a  maximum of -80 v o l t s  i n  f u l l  sun- 
l i g h t .  We d i d  not have measurements of SIC d i f f e r e n t i a l  charging t o  compare 
wi th  these  r e s u l t s .  

SPACECRAFT CHARGING DURING EX1 T FROM ECLIPSE 

On Day 87, 1979 SCATHA was coming out of t o t a l  e c l i p s e  a t  1713 :SO UT 
and l e f t  t h e  penumbra a t  1716:lO UT. Figure 1 0 ,  lower panel ,  shows t h e  s o l a r  
i l l umina t ion  and f o u r  SCATKA SSPM vo l t ages  a s  a  func t ion  of t ime. The middle 
panel shows p l o t s  of e l e c t r o n  f l u x e s  from t h e  SC5 instrument  wi th  f i e l d  of 
view perpendicular  t o  t h e  SIC s p i n  a x i s .  The top  panel shows t h e  angles  
between t h e  de t ec to r  l i n e  of s i g h t  and t h e  magnetic f i e l d  and between t h e  
d e t e c t o r  l i n e  of s i g h t  and t h e  s a t e l l i t e - s u n - l i n e .  The r e l a t i v e  v a r i a t i o n  of 
t h e  s o l a r  i l l umina t ion  was measured by t h e  t o t a l  c u r r e n t  of t h e  s o l a r  pane ls .  
This i l l umina t ion  was a l s o  compared t o  t h e o r e t i c a l  p r e d i c t i o n s  and was found 
t o  be i n  exce l l en t  agreement. Figure 1 0 ,  middle panel ,  shows t h e  i s o t r o p i c  
e l e c t r o n s  Ee < 9.16 keV t o  i n c r e a s e  wi th  t h e  s o l a r  i l l u m i n a t i o n  fo l lowing  
t h e  time 1714:30 UT a t  which po in t  t h e  s o l a r  i l l u m i n a t i o n  has  approached i t s  
20% value.  The r a t e  of recovery of t he  e l e c t r o n s  Ee = 4.42 keV i s  slow i n  
comparison t o  the lower energy channels .  Thus t h e  S/C p o t e n t i a l  a t  t he  on- 
s e t  of photodischarge was around t h r e e  thousand v o l t s  which i s  roughly 
obtained by averaging the  4.42 and 1.57 keV energy channels .  We r e i t e r a t e  
t h e  wide energy windows of t h e  e l e c t r o n  channels AEIE = 1 do no t  a l low 
an accu ra t e  es t imate  of t h e  SIC ground p o t e n t i a l  r e l a t i v e  t o  plasma ground. 
The angular  r e s o l u t i o n  of t h e  SC5 experiment,  on t h e  o the r  hand, i s  e x c e l l e n t  
and Figure 1 0  upper two panels  show t h a t  a f t e r  1715:50 UT t h e  e l e c t r o n  d i r ec -  
t i o n a l  d i f f e r e n t i a l  f l u x e s  f o r  a l l  t he  presented channels  were i s o t r o p i c  i n  
t h e  s a t e l l i t e  sp in  plane.  Thus i t  i s  be l ieved  t h a t  a l l  t h e  SSPM samples 
experienced t h e  same i n c i d e n t  e l e c t r o n  f l u x .  The SSPM-2 (Figure 10 ,  lower 
panel ) responded t o  s u n l i g h t  immediately fo l lowing  l7l4:2O UT. The minimum 
p o t e n t i a l s  r e l a t i v e  t o  SIC ground t h a t  t h e  SSPM's had p r i o r  t o  e n t e r i n g  
penumbra were (-500, -1650, -200, and -300) v o l t s  f o r  (kapton w i t h  ho le ,  
kapton l a r g e  sample, r e f e rence  band, and r e fe rence  band w i t h  h igh  g a i n )  
r e spec t ive ly .  

I n  order  t o  s imu la t e  t h e  t r a n s i e n t  behavior of t h e  SIC sur face  poten- 
t i a l s  a s  SCATHA came out  of t o t a l  e c l i p s e ,  we used t h e  NASCAP/AFGL code wi th  
t h e  quasisphere model descr ibed  i n  t h e  preceding s e c t i o n .  We c a l c u l a t e d  a  
two Maxwellian environment from d i s t r i b u t i o n  func t ions  i n  t h e  t ime i n t e r v a l  
1716:OO t o  1716:47 UT. The energy s p e c t r a  were chosen i n  a  f i x e d  p i t c h  
ang le  i n t e r v a l  80' < o< < 90'. The s p e c t r a  were a l s o  r e s t r i c t e d  t o  ones 



corresponding t o  SIC ground p o t e n t i a l s  g r e a t e r  than  -100 v o l t s  s o  t h a t  
s h i f t i n g  i n  energy would no t  have been a  f a c t o r .  Thus we averaged s ix -  
t e e n  e l e c t r o n  and ion  d i s t r i b u t i o n  func t ions  s e p a r a t e l y  and computed ten- 
p e r a t u r e s  and d e n s i t i e s  of 

f o r  e l e c t r o n s  and (T = 198 eV, n  = 0.8 emm3, Tp2 = 5.8 keV, 
P 1  P 1  

"P2 
= 0.5 ~ m - ~ )  f o r  protons.  

The Maxwellian f i t s  were made i n  t h e  energy ranges 100 < E < 4570 eV and 
4570 < E < 60000 eV. The h ighe r  energy popula t ion  was no t  s u b t r a c t e d  from 
the  lower energy popula t ion  samples. The a c t u a l  environment used i n  t h e  
NASCAPIAFGL computer run was s i m i l a r l y  der ived  from a n  average of 55 s p e c t r a  
which y i e lded  

f o r  e l e c t r o n s  and (T = 207 eV, n  = 0.62 cmm3, Tp2 = 6.09 keV, 
P 1  P 1 

n ~ 2  
= 0.47 ~ m - ~ )  f o r  protons.  

Figure 11 shows t h e  temporal v a r i a t i o n  of t he  su r f ace  p o t e n t i a l  of t h e  
l a r g e  kapton sample (SC1-2-2) (Ref. 2 )  t oge the r  wi th  t h e  s u r f a c e  v o l t a g e s  of 
t e f l o n  and SIC ground (goldpd). The t r a c e  l i g h t  i n t e n s i t y  r e p r e s e n t s  t h e  
r e l a t i v e  s o l a r  i l l u m i n a t i o n  of SCATHA obta ined  from t h e  s o l a r  pane ls  t o t a l  
c u r r e n t  a s  descr ibed  i n  a  previous sec t ion .  The prepenumbral va lue  of t h e  
kapton vo l t age  r e l a t i v e  t o  SIC ground was -2527 v o l t s .  C lea r ly  a s  t h e  sun 
i n t e n s i t y  i n c r e a s e s ,  t h e  kapton vol tage grows less nega t ive  and shows a  modu- 
l a t i o n  once per  s p i n  per iod.  Th i s  again i s  due t o  SIC shadowing of t h e  kap- 
t o n  sample. The conduc t iv i t y  and thickness  of t h i s  m a t e r i a l  were 10-l4 
mholm and L O  t i n e s  t he  nominal th ickness ,  r e spec t ive ly .  Comparing t h e  SSPM 
va lue  of -1650 v o l t s  t o  t h e  MASCAP/ AFGL va lue  of -2527 v o l t s ,  w e  s ee  t h a t  
they d i f f e r  by 35%. The agreement can become b e t t e r  i f  good knowledge of t h e  
SIC ground p o t e n t i a l  (down t o  a  few v o l t s )  i s  used t o  c o r r e c t  t h e  d i s t r i b u -  
t i o n  func t ions .  Furthermore, measurement of t h e  environment wi th  h igher  
energy r e s o l u t i o n  may g ive  t h e  temperature and d e n s i t i e s  more accu ra t e ly .  
When ve ry  h igh  energy p o i n t s  (hundreds of keV) a r e  included i n  t h e  d i s t r i b u -  
t i o n  func t ions ,  t h e  temperatures  a r e  overest imated.  F igure  12 i s  included i n  
t h i s  s tudy  i n  o r d e r  t o  show t h e  e f f e c t  of h igh  energy pro tons  on SIC charging. 

F igure  12,  t o p  panel  shows p i t ch  a n g l e s  and sun ang le s  of t h e  SC5 per- 
pendicu la r  protons whose f l u x e s  and ene rg i e s  a r e  g iven  i n  t h e  f i gu re .  The 
middle panel  i s  s i m i l a r  t o  t h e  t o p  except f o r  p a r a l l e l  protons.  The bottom 
panel  shows the  SSPH-1 su r f ace  vol tages  t oge the r  wi th  t h e  s o l a r  i l l u m i n a t i o n  
ve r sus  time. P r i o r  t o  1714:10 UT the SSPM sample p o t e n t i a l s  were f l a t .  A t  
t h a t  time a  sudden enhancement of the e n e r g e t i c  proton f l u x  (up by a  f a c t o r  
of 30) appears  t o  have i n i t i a t e d  the  g radua l  d i scharge  of t h e  SSPM1-1 
(kapton)  and t h e  SSPM1-4 (go ld) .  This f l u x  i n c r e a s e  d i d  no t  a f f e c t  t he  
charg ing  r a t e s  of t h e  SSPM1-2 ( o p t i c a l  s o l a r  r e f l e c t o r ,  OSR, grounded t o  



t h e  SIC c h a s s i s )  and t h e  SSPM1-3, a n  ungrounded OSR. A t  1714:30 UT, twenty 
seconds  l a t e r ,  t h e  p a r a l l e l  p r o t o n s  of t h e  same energy  showed a  s i m i l a r  
f l u x  i n c r e a s e .  The de layed  a r r i v a l  of p r o t o n  enhancements d i d  n o t  a f f e c t  
t h e  c h a r g i n g  r a t e s  of t h e  SSPMl on t h e  be l lyband .  Perhaps  i t  a f f e c t e d  t h e  
SSPM1-3 on- ' the t o p  of t h e  SIC b u t  t h a t  s e t  of d a t a  h a s  n o t  been s t u d i e d  
y e t .  The proton f l u x  p r o f i l e s  shown i n  F i g u r e  12 i n d i c a t e  t h a t  t h e  par-  
t i c l e s  peaked i n  t e n  seconds  and a r r i v e d  from two d i f f e r e n t  a z i m u t h a l  d i r e c -  
t i o n s .  The f i r s t  i n c r e a s e  a r r i v e d  from a  d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  
s a t e l l i t e - s u n  v e c t o r  and t h e  s a t e l l i t e  v e l o c i t y .  The second i n c r e a s e  
a r r i v e d  from the  ram d i r e c t i o n .  The asymmetry is e x p l a i n a b l e  by a  nor th -  
s o u t h  boundary of e n e r g e t i c  p r o t o n s  moving eas tward.  I f  we assume t h a t  
t h e  boundary was 1 g y r o r a d i u s  t h i c k  (220 km f o r  126 keV p r o t o n s ) ,  t h e n  
t h i s  boundary was moving w i t h  a  v e l o c i t y  of 11 km/sec eas tward  and 
s l i g h t l y  away from t h e  e a r t h .  Such mot ions  may t a k e  p l a c e  d u r i n g  t h e  
decay phase of subtorms. Ground magnetograms show t h a t  t h e  AL i n d e x  was 
r a p i d l y  d e c r e a s i n g  a t  t h e  t ime of a r r i v a l  of t h e  e n e r g e t i c  p ro tons .  I n  
c o n t r a s t  t o  t h e  p r o t o n  weak d i s c h a r g i n g  e f f e c t ,  t h e  SSP!!-1 sample responded 
r a p i d l y  t o  t h e  f a s t  photo-discharging a t  1714:40 UT when t h e  s o l a r  i l l u m i n -  
a t i o n  reached  i ts  20% l e v e l .  

SPACECRAFT CHARGING I N  FULL SUNLIGHT 

Normally the  SIC ground remains a t  p o t e n t i a l  l e v e l s  c l o s e  t o  z e r o  o r  
s l i g h t l y  p o s i t i v e  when t h e  s u n  s h i n e s  on t h e  SIC. T h i s  i s  ach ieved  by t h e  
s o l a r  UV produced pho tocur ren t .  Mowever, o c c a s i o n a l l y  t h e  ambient plasma 
becomes hard  enough t o  cause  c h a r g i n g  of shaded i n s d a t o r s  t o  p o t e n t i a l  
l e v e l s  lower than those  of S/C ground. F i g u r e  1 3  i s  s i m i l a r  t o  F i g u r e  1 0  
o n l y  i n  s u n l i g h t .  The t o p  and middle p a n e l s  show t h a t  t h e  e l e c t r o n s  from 
.11 keV t o  53.8 keV a r e  i s o t r o p i c .  S t a r t i n g  w i t h  1316:30 UT, t h e  e l e c t r o n s  
w i t h  e n e r g i e s  4.42 < Ee < 53.5 keV i n c r e a s e  whereas t h e  e l e c t r o n s  w i t h  
e n e r g i e s  0.11 < Ee < 4.42 keV decrease .  T h i s  i s  a n  i n d i c a t i o n  t h a t  t h e  SIC 
e n t e r e d  t h e  plasma s h e e t  r e g i o n  i n  a p e r i o d  of abou t  20 seconds .  I n  t h i s  
c a s e ,  t h e  absence of low energy  e l e c t r o n s  does  n o t  imply SIC charg ing .  
F igure  13,  bottom p a n e l ,  shows t h a t  t h e  SSPM1-1 (kap ton)  responded t o  
d i f f e r e n t i a l  charging and i t  reached i t s  extreme v a l u e  a t  around 1317:45 
1JT. A similar S/C c h a r g i n g  phenomenon is  observed  on samples l o o k i n g  i n  
t h e  ram d i r e c t i o n .  F i g u r e  1 4 ,  middle p a n e l ,  shows t h e  e n e r g e t i c  e l e c t r o n s  
from t h e  SC5 p a r a l l e l  t o  t h e  s p i n  a x i s  d e t e c t o r  and bottom p a n e l  shows t h e  
SSPN-3 samples w i t h  normals p a r a l l e l  t o  t h e  SIC v e l o c i t y  v e c t o r .  The e l e c -  
t r o n  s i g n a t u r e  of a  l o c a l  a c c e l e r a t i o n  e v e n t  i s  s i m i l a r  t o  t h a t  of F i g u r e  
13. The SSPM-3-2 ( t e f l o n )  beg ins  t o  respond d i f f e r e n t i a l l y  a t  1316:50 UT 
a s  does  t h e  SSPM-3-3 ( q u a r t z  f a b r i c ) .  The sample of g o l d  (SSPM-3-41 d i d  
n o t  show a  change i n  i t s  charge  s t a t e .  The SSPM-3 i s  n o t  s p i n  modulated as 
i t  i s  c o n s t a n t l y  i n  S/C shadow d u r i n g  t h i s  o r b i t .  F i n a l l y ,  w e  would l i k e  
t o  i n c l u d e  a f i g u r e  of NASCAP/AFGL c a l c u l a t i o n s  which shows q u i t e  s a t i s -  
f a c t o r i l y  t h a t  t h e  h i g h e s t  s p a t i a l  r e s o l u t i o n  model of SCATHA i n  t h e  code 
produces  r e s u l t s  of d i f f e r e n t i a l  c h a r g i n g  i n  e x c e l l e n t  agreement w i t h  
e x p e r i m e n t a l  r e s u l t s .  



On Day 114, 1979 (Apr i l  24, 1979) from about  0650:40 UT t o  about  200 
seconds l a t e r  SCATHA was r o t a t i n g  i n  f u l l  s u n l i g h t  ( s e e  Figure 15) .  Using 
SC5 d a t a  du r ing  t h e  pre-ec l ipse  period on t h i s  day ( s e e  F igure  7 ) ,  we 
assumed no charg ing  and f i t t e d  t h e  p a r t i c l e  phase space d e n s i t i e s  t o  s i n g l e  
Maxwellian This  f i t  r e s u l t e d  i n  temperatures  and dens i  ies  of (Te = 1 0  keV, 
ne = 1 c d 3 . f o r  e l e c t r o n s )  and (T = 10 keV, n = 0.5 em-$ f o r  protons) .  

P P F igure  15 upper panel  shows t h e  sur face  vo l t age  of t h e  SSPM-2-2 samples 
( l a r g e  kapton) ,  wi th  t h i cknes s  10 times t h e  nominal t h i cknes s  a s  c a l c u l a t e d  
by t h e  MASCAP/AFGL code, dur ing  three  r o t a t i o n s  of SCATHA i n  s u n l i g h t .  The 
lower panel  shows t h e  s p i n  modulated s u r f a c e  p o t e n t i a l  of t h e  SSPM-2-2 mea- 
surements. The charging r a t e s  a r e  in  e x c e l l e n t  agreement. The d ischarg ing  
r a t e s  i n  each  cyc l e  do no t  match exac t ly  a s  i n d i c a t e d  by t h e  d i f f e r e n t  
s l o p e s  i n  t h e  upper and lower panels. Th i s  means t h a t  t he  e l e c t r i c a l  and 
mechanical p r o p e r t i e s  of t he  kapton sample need f i n e  tuning.  Such a n  
e f f o r t  should be made a f t e r  s tudying SIC charg ing  under many d i f f e r e n t  
environments. The t h e o r e t i c a l  and the exper imenta l  r e s u l t s ,  n e v e r t h e l e s s ,  
ag ree  i n  a p l i t u d e  and phase i n  a s t r i k i n g  way. We t ake  t h i s  agreement t o  
mean t h a t  t h e  node l ing  of SCATHA by the  NASCAPIAFGL computer code i s  v a l i d .  

CONCLUDING REMARKS 

We have presented experimental  and t h e o r e t i c a l  r e s u l t s  on S/C charg ing  
i n  f u l l  s u n l i g h t ,  dur ing  e c l i p s e  en t ry ,  dur ing  t o t a l  e c l i p s e ,  and du r ing  
e x i t  from e c l i p s e .  Our p r i n c i p a l  f ind ings  a r e  sunmarized i n  t h e  a b s t r a c t .  
I n  o rde r  t o  make f u r t h e r  progress  i n  v a l i d a t i n g  t h e  NASCAP/AFGL code, more 
d a t a  a r e  needed from s e v e r a l  experiments s imul taneous ly  i nc lud ing  t h e  i o n  
and e l e c t r o n  gun emissions.  I n  add i t i on ,  t h e  model i s  i n  need of b e t t e r  
def ined  m a t e r i a l s  p r o p e r t i e s  f o r  t he  monitored samples and f o r  t he  rest of 
t h e  m a t e r i a l s  d i s t r i b u t e d  on the  SCATHA s u r f a c e s  shown i n  Figure 2. 
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Figure 1. SCATHA spacecraft payload. 
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Figure 7 .  Directional  d i f f erent ia l  i n t e n s i t i e s  for  ions (Ep = 9.66 keV) 
and e lectrons  (Ee = 4.42 keV) together with the ir  p i tch angles 
a l l  plotted versus universal time. 
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Figure 8 .  Ion and electron distr ibut ion functions versus energy 
at 0706 and 0717 UT on day 114, 1979 from the SCATHA 
SC5 experiment. 
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computer code. 
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t i e s  for eight channels each shif ted by N decades t o  re- 
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and solar illumination. A l l  traces plotted versus univer- 
s a l  time GMT. 
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Figure 11. S i m i l a r  t o  Figure 9 except  f o r  day 87,  1979 
during e x i t  from e c l i p s e .  
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Figure 15. Temporal v a r i a t i o n  of the  kap ton - 

sample (SC1-2) p o t e n t i a l  on the  
s u n l i t  spinning SCATHA s a t e l l i t e .  
The upper panel  shows the  spin  
modulated p o t e n t i a l  computed by 
t h e  NASCAPIAFGL code f o r  t h e  four  
g r i d  model. The lower panel shows 
t h e  measured su r face  p o t e n t i a l  of 
kapton in sun l igh t .  The observa- 
t i o n s  were made on day 114, 1979 
between 0650:40 and 0653:OO UT. 
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