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SUMMARY 

On March 30, 1979, w i t h  t h e  P78-2 (SCATHA) s a t e l l i t e  w e l l - w i t h i n  t h e  
plasma sheet, an e l e c t r o n  beam system was operated over  a  wide range o f  
beam c u r r e n t s  and energies,  f o r  per iods  bo th  i n  s u n l i g h t  and i n  e c l i p s e .  
The Rapid Scan P a r t i c l  De tec to r ,  measuring e l e c t r o n s  and i ons  i n  t h e  9 energy range -0.05-10 keV, b o t h  perpend icu la r  and p a r a l l e l  t o  t h e  s p i n  
a x i s  o f  t h e  s a t e l l i t e ,  operated when t h e  e l e c t r o n  beam c u r r e n t  and energy 
l e v e l s  were 0.01, 0.10 mA, and, 0.3, 0.5 and 3  keV r e s p e c t i v e l y .  The s h i f t  
i n  t h e  e l e c t r o n  d i s t r i b u t i o n  f u n c t i o n  i n d i c a t e s  t h a t  t h e  sate1 1  i t e  became 
p o s i t i v e l y  charged t o  a  va lue  much l e s s  than  beam energy f o r  0.01 mA, and 
a  va lue approaching beam energy f o r  0.10 mA. Complex p i t c h  angle modulat ions 
o f  t h e  e l e c t r o n  spec t ra  a r e  sepa ra te l y  decomposed f o r  each beam opera t ion .  
When e l e c t r o n s  a r e  e m i t t e d  pe rpend i cu la r  t o  t h e  magnet ic f i e l d  w i t h  an 
energy o f  3  keV and a  c u r r e n t  o f  0.10 mA they  r e t u r n  as a  coherent  beam 
on ly  t o  t h e  p a r a l l e l  de tec to r .  Throughout t h e  beam ope ra t i ons  t h e  p i t c h  
angle d i s t r i b u t i o n s  show e l e c t r o n s  w i t h  energy l e s s  than  beam energy 
s t reaming a long t h e  f i e l d  1  i ne .  A n a l y t i c  express ions f o r  t h e  sate1 1  i t e  
e l e c t r i c  f i e l d  a r e  cons t ruc ted  and p a r t i c l e  t r a j e c t o r i e s  a r e  determined f o r  
t h e  observed i n i t i a l  c o n d i t i o n s  on t h e  e l e c t r o n  beam. 

INTRODUCTION 

E lec t ron  beams have been used i n c r e a s i n g l y  i n  space as a  means t o  probe 
o r  c o n t r o l  spacecraf t  env i  ronment. A  rev iew o f  t h e  work done i n  t h i s  
f i e l d  has been compi led r e c e n t l y  by Winck ler  ( r e f  1) .  By f a r  t h e  g rea tes t  
number o f  experiments have been performed w i t h  r ocke t s  i n  t h e  ionosphere, 
however, beams have a l s o  been used i n  deep space a t  geosynchronous o r b i t .  
Very low cur ren t ,  h i g h l y  focused e l e c t r o n  beams were used successfu l  l y  on 
t h e  GEOS 2  s a t e l l i t e  t o  measure t h e  magnetospheric e l e c t r i c  f i e l d  ( r e f  2 ) .  
Unfocused, low energy e l e c t r o n  emiss ion was used on t h e  ATS-5 s a t e l l i t e  
t o  c o n t r o l  s a t e l l i t e  p o t e n t i a l  ( r e f  3) .  I n  these  proceedings Cohen 
e t  a l .  r e p o r t  on t h e  use of t h e  e l e c t r o n  beam system onboard t h e  P78-2 -- 



(SCATHA) f o r  opera t ions  cover ing  a  wide range o f  c u r r e n t s  and energ ies  up 
t o  13 mA and 3  keV, r e s p e c t i v e l y  ( r e f  4 ,  5). Not a l l  beam opera t ions  l e d  
t o  a n t i c i p a t e d  o r  benign r e s u l t s ,  a  r e f l e c t i o n  o f  t h e  need t o  b e t t e r  under- 
s tand  beam and ambient plasma dynamics i n  t h e  v i c i n i t y  o f  a  charged 
s a t e l l i t e ,  as w e l l  as spacecraf t  charg ing e f f e c t s  d u r i n g  c u r r e n t  e j ec t i on .  

Outs tand ing  problems r e l a t e d  t o  t h e  s t r u c t u r e  o f  t h e  beam a r e  concerned 
w i t h  t h e  p r i n c i p a l  f o r ces  govern ing beam expansion and p ropagat ion  i n  deep 
space, and t h e  mechanisms which r e t u r n  t h e  beam t o  t h e  e m i t t i n g  spacecraf t .  
Problems r e l a t e d  t o  t h e  e j e c t i o n  o f  charged beams f rom s a t e l l i t e s  are:  
t h e  l e v e l  o f  s a t e l l i t e  charg ing  f o r  g iven modes o f  beam opera t ion ;  t h e  
mechanisms by which c u r r e n t  balance t o  t h e  s a t e l l i t e  i s  achieved; t h e  
o r i g i n  and dynamics o f  t h e  ba lanc ing  r e t u r n  e l e c t r o n  cu r ren t .  

The SCATHA s a t e l l i t e  was designed t o  s tudy t h e  causes and e f f e c t s  
o f  spacec ra f t  charging. We use SCATHA measurements t o  s tudy  spacecra f t  
cha rg ing  and t o  study a d d i t i o n a l  problems assoc ia ted  w i t h  t h e  beam. 
We r e p o r t  here measurements o f  t h e  plasma made by t h e  SC5 Rapid Scan 
P a r t i c l e  De tec to r  onboard SCATHA dur ing  t h e  f i r s t  ope ra t i ons  o f  t h e  e l e c t r o n  
beam on March 30, 1979. These operat ions took  p l ace  b o t h  i n  sun1 i g h t  and 
i n  ec l i pse .  For a  f u l l  d i scuss ion  o f  events  d u r i n g  t h i s  pass and d e s c r i p t i o n  
o f  t h e  magnetospheric environment, see Cohen e t  a l .  ( r e f  5). 

Th i s  study presents  i n  d e t a i l  the  incoming p a r t i c l e  behavior  d u r i n g  
ope ra t i on  of a  3  keV e l e c t r o n  beam system a t  two c u r r e n t  l eve l s .  The lower  
c u r r e n t  (10 I.I A) leaves  t h e  sate1 1  i t e  charged t o  p o t e n t i a l s  much l e s s  
than beam energy. The h i g h e r  cu r ren t  (100 u A) exceeds t h e  c u r r e n t  needed 
t o  charge t h e  v e h i c l e  t o  beam energy. Both c u r r e n t  l e v e l s  are, i n  f a c t ,  
smal l  and beam spreading due t o  i n t e r n a l  f o r ces  may be unimportant.  

Fo r  t h e  two c u r r e n t  l e v e l s  we show t h a t :  

a) The e l e c t r o n  beam can achieve l a rge ,  s t eady -s ta te  changes i n  t h e  
v e h i c l e  p o t e n t i a l  and t h e  r e t u r n i n g  ambient plasma. 

b)  There i s  no evidence f o r  beam r e t u r n  when t h e  beam c u r r e n t  i s  
10I.IA. 

c )  There i s  s t r o n g  evidence fo r  cons iderab le  beam r e t u r n  when t h e  
beam c u r r e n t  i s  100 p A. 

d )  The plasma measurements show reasonable c u r r e n t  balance d u r i n g  
beam operat ions.  

e )  There i s  evidence t h a t  t h e  beam fo l l ows  t h e  c l a s s i c a l  t r a j e c t o r i e s  
o f  a  charged p a r t i c l e  i n  s t r o n g  e l e c t r i c  and weak magnet ic f i e l d s .  

INSTRUMENTATION AND BACKGROUND CONDITIONS 

The P78-2 s a t e l l i t e  (SCATHA) was launched i n t o  a n e a r l y  geos ta t ionary  
o r b i t  i n  January, 1979. The apogee, pe r i gee  and i n c l i n a t i o n  o f  t h e  o r b i t  



a re  7.5 RE, 5.5 R E  and 7O, respec t i ve l y .  The s a t e l l i t e  i t s e l f  i s  c y l i n -  
d r i c a l  i n  shape w i t h  a  l e n g t h  and d iameter  o f  1.75 m. It sp ins  about t h e  
c y l i n d e r  a x i s  which l i e s  i n  t h e  o r b i t a l  p lane, o r i e n t e d  pe rpend i cu la r  t o  
t h e  Sun-Earth l i n e .  The p e r i o d  o f  r o t a t i o n  i s  58 seconds. For  a  more 
complete d e s c r i p t i o n  o f  t h e  s a t e l l i t e  and i ns t rumen ts  onboard, see r e f  6. 

The Rapid Scan P a r t i c l e  Spectrometer c o n s i s t s  of two s e t s  o f  p a r t i c l e  
de tec to rs ,  one l o o k i n g  para1 l e l  , t h e  o t h e r  pe rpend i cu la r  t o  t h e  sate1 1  i t e ' s  
s p i n  ax is .  The p a r a l l e l  d e t e c t o r  looks  o u t  t h e  forward, f l a t ,  conduc t ing  
end o f  t h e  sa te l  1  i t e .  The perpend icu la r  d e t e c t o r  looks  ou t  f rom a  c e n t r a l  
conduct ing band, f r e q u e n t l y  r e f e r r e d  t o  as t h e  be l l y -band  o f  t h e  s a t e l l i t e .  
Each spectrometer c o n s i s t s  o f  e i g h t  sensors, f o u r  e l e c t r o s t a t i c  ana lyzers  
and f o u r  s o l i d  s t a t e  devices, capable o f  measuring f l u x e s  o f  e l e c t r o n s  w i t h  
energ ies  between 50 eV and 1.1 MeV, and i ons  w i t h  energ ies  between 50 eV 
and 5  MeV. Here we a r e  on l y  concerned w i t h  responses f rom t h e  e l e c t r o -  
s t a t i c  analyzers.  

For  each p a r t i c l e  species, and i n  each d i r e c t i o n  t h e r e  a r e  two e lec -  
t r o s t a t i c  analyzers ,  one f o r  p a r t i c l e s  i n  t h e  range 0.05 - 1.7 keV 
( t h e  LE ESAs) and one f o r  p a r t i c l e s  i n  t h e  range 1.7 - 60 keV (H I  ESAs). 
A channel s e t  f o r  p a r t i c l e s  w i t h  zero  energy (LE ESA 0 )  i s  used t o  es t ima te  
t h e  background c o n t r i b u t i o n  and i s  t o  be sub t rac ted  f rom t h e  o t h e r  LE ESA 
channels. Each e l e c t r o s t a t i c  ana lyzer  has f o u r  channels whose energy 
pass bands a re  very wide, A E/E - 1, b u t  whose accumulat ion t imes a re  
shor t ,  200 msec, g i v i n g  a  complete spectrum once every second i n  t h e  f u l l  
ESA energy range. Thus, SC5 g ives  h i g h  t ime  r e s o l u t i o n ,  bu t  low energy 
reso lu t i on .  I n  c a l i b r a t i n g  t h e  ESAs t h e  energy dependent response curves 
f o r  each energy channel were ob ta ined  f o r  i s o t r o p i c  f l uxes .  T h e i r  geo- 
m e t r i c  f a c t o r s  were c a l c u l a t e d  by i n t e g r a t i n g  t h e  response curves over  
energy ( r e f  7). For  t h e  purpose o f  ana l yz i ng  measurements taken -dur ing  
per iods  o f  beam opera t ions ,  when monoenergetic, h i g h l y  d i r e c t e d  p a r t i c l e  
f l u x e s  may be a n t i c i p a t e d ,  we use e l e c t r o n  count  r a t e s  and l a b o r a t o r y  
measured, d i r e c t i o n a l ,  energy dependent response f unc t i ons .  

The e l e c t r o n  beam system, SC4-1, i s  a l s o  mounted on t h e  be l l y -band  o f  
SCATHA, w i t h  the  beam d i r e c t e d  r a d i a l l y  outward. The e l e c t r o n  beam a x i s  i s  
d isp laced  37" f rom t h e  perpend icu la r  ESAs o f  SC5, l a g g i n g  SC5 i n  s p i n  phase 
by 6  sec. The e l e c t r o n  beam system was f i r s t  operated on March 30, 1979, 
over a  wide v a r i e t y  o f  beam energ ies (0.5 - 3  k e y )  and c u r r e n t s  (0.01 - 13 mA), 
w i t h  t h e  s a t e l l i t e  bo th  i n  s u n l i g h t  and ec l i pse .  A t  a  c u r r e n t  l e v e l  of 
6 mA and a  bean energy o f  3 keV t h e  beam o p e r a t i o n  d i s r u p t e d  te lemet ry ,  
caused t h e  permanent ma l f unc t i on  o f  two onboard ins t ruments  and induced 
mu1 t i p l e  surface and e l e c t r o n i c  c i r c u i t  a r c i n g  ( r e f  5). 

As a  p recau t ion  d u r i n g  most of t h e  e l e c t r o n  beam ope ra t i ons  on March 30, 
t h e  p a r t i c l e  de tec to r s  on SCATHA were t u rned  o f f .  The excep t ions  t o  t h i s  
were t h e  Reta rd ing  P o t e n t i a l  Analyzer  (MLlZ), which was on throughout ,  
and t h e  Rapid Scan P a r t i c l e  De tec to r  (SC5), wh ich  was operated a f t e r  t h e  
h i g h  c u r r e n t  beam s ta tes ,  a t  beam energ ies o f  0.3, 0.5, and 3  keV, and 
c u r r e n t s  o f  e i t h e r  0.01 mA o r  0.10 mA ( r e f e r r e d  t o  i n  t h i s  paper as t h e  low 
c u r r e n t  s t a t e  and t h e  h i gh  c u r r e n t  s t a te ,  r e s p e c t i v e l y ) .  As s t a t e d  above, 
we concent ra te  on SC5 responses d u r i n g  pe r i ods  o f  3  keV beam emissions i n  



both low and h igh  cu r ren t  s ta tes  under s u n l i t  and e c l i p s e d  condi t ions.  

Before  a c t u a l l y  consider ing SC5 data i t  i s  use fu l  t o  summarize con- 
d i t i o n s  i n  t h e  v i c i n i t y  o f  the  SCATHA o r b i t  on 30 March. The e lec t ron  
beam operat ions took p lace whi l e  the sate1 1  i t e  was near l o c a l  m i  dn i  ght , a t  
a  r a d i a l  d is tance o f  6.2 RE and a  magnetic l a t i t u d e  o f  - 7.8". SCATHA 
entered t h e  plasma sheet a t  13.7 UT, nea r l y  one hour be fore  t h e  beam opera- 
t i o n s  began. The magnetosphere was i n  a  q u i e t  s t a t e  (Kp = 2),  and the re  
i s  no evidence t h a t  any i n j e c t i o n  event occurred du r ing  beam operat ions 
(Appendix, r e f  5). Plasma parameters c a l c u l a t e d  f o r  t imes p r i o r  t o  and 
a f t e r  beam operat ions i n d i c a t e  t h a t  f o r  t h e  energy range measured by t h e  
SC5 ESAs t h e  dens i t y  and temperature o f  t he  e l e c t r o n  popu la t i on  are  0.35 3 - 0.51~. , and 1.2 keV, respect ive ly ;  and f o r  ions, 0.6/cm3 and 6 keV. 
These numbers are  obta ined by i n t e g r a t i n g  t h e  app rop r ia te  moments of par-  
t i c l e  d i s t r i b u t i o n  func t ions  over p i t c h  angle. Throughout t h i s  t ime t h e  
i o n  counts i n  t h e  energy range 0.05 - 1.7 keV were a t  background values. 
Dur ing  beam operat ions the  magnetic f i e l d  c o n f i g u r a t i o n  was more t a i l  -1 i k e  
than d ipo la r .  

OBSERVATIONS 

Th is  s e c t i o n  i s  d i v i d e d  i n t o  four  subsections. The f i r s t  conta ins 
p r e f a t o r y  remarks on t h e  sequence o f  beam operat ions,  t h e  format o f  SC5 
data and c e r t a i n  non-physical e f f e c t s  i n  t h e  data. General f ea tu res  o f  t he  
SC5 data, discussed i n  t h e  second subsection a re  ordered according t o  t h e  
mode o f  e l e c t r o n  beam emissions: i )  3keV, 0.1 mA operat ions, i i )  0.3 keV, 
0.1 mA operat ions, and iii) 0.01 mA operations. For t h e  sake o f  comparison 
s u n l i g h t  and e c l i p s e  responses o f  SC5 a r e  t r e a t e d  a r i  assu. I n  t h e  t h i r d  
subsect ion a t t e n t i o n  i s  d i  rec ted  t o  per iods when t h e  %?-IT e beam re tu rns  
t o  t h e  p a r a l l e l  detector.  The f i n a l  subsect ion 4s concerned w i t h  t h e  
d i r e c t i o n a l i t y  o f  t h e  e l e c t r o n  current  t o  t h e  vehic le.  

Format. Modes o f  e l e c t r o n  beam operat ions, spanning t h e  p e r i o d  when 
SC5 was tu rned on, a re  l i s t e d  i n  Table 1. Here and i n  F igures 1  and 2, t h e  
l e t t e r s  A and B a re  used t o  designate per iods  o f  low (0.01 mA) and h igh  
(0.10 mA) currents.  Dur ing both sun l igh t  and e c l i p s e  beam operat ions, 
low cu r ren t  s ta tes  o f  several minutes du ra t i on  preceeded those o f  h igh  
currents.  I n  t h e  middle o f  t h e  s u n l i t ,  h igh  cu r ren t  operat ion, t h e  e lec-  
t r o n  beam emission was i n t e r r u p t e d  fo r  2  minutes. Data p l o t t e d  i n  Figures 
1  and 2 g i ve  an overview o f  SC5 e lec t ron  count r a t e s  measured dur ing  t h e  
s u n l i t  and e c l i p s e  beam operat ions, respect ive ly .  Panels proceed, t op  t o  
bottom, from t h e  h ighes t  t o  lowest energy channels. The second t o  bottom 
panel g ives the  background counts f o r  t h e  f o u r  lowest energy channels. 
The bottom panel gives p i t c h  angles o f  t h e  para1 l e l  and perpendicular  
detectors. Count ra tes  from both sets o f  de tec tors  a re  superposed; - those 
from t h e  perpendicular  de tec tor  show sun pulses (F igure  1)  and l o s s  cone 
modulations. Due t o  a  h igh  compression and l o g a r i t h m i c  s c a l i n g  o f  data 
p o i n t s  many s a l i e n t  d i f f e rences  i n  the measurements o f  t h e  p a r a l l e l  and 
perpendicular  de tec tors  a re  n o t  obvious i n  F igures  1  and 2. As required, 
c e r t a i n  per iods a re  shown on an expanded t ime sca le  and w i t h  counts p l o t -  
t e d  1  i near ly .  



Be fo re  d iscuss ing  t h e  s i g n i f i c a n c e  of F i gu res  1  and 2, severa l  non- 
phys i ca l  f ea tu res  should be po in ted  out. 1  ) When t h e  ESAs a r e  t u r n e d  on, 
as they  a r e  a t  t h e  beg inn ing  o f  each F i g u r e  ( a t  55360 and 56782 UT), and 
a f t e r  t h e  data gap i n  F i g u r e  2  a t  57180 UT, t h e  ESAs a r e  i n  t h e  lowes t  
ga in  s ta te .  To c o r r e c t  f o r  channe l t ron  degrada t ion  t h e  ga in  i s  r a i s e d  t o  
an app rop r i a te  l e v e l  a t  some s h o r t  t i m e  i n t e r v a l  l a t e r  ( a t  55380, 56808, 
and 57195 UT). Aside f rom t h e  abrup t  changes t h a t  r e s u l t  i n  t h e  counts a t  
these t imes,  a l l  o t he r  abrup t  changes a re  a  r e s u l t  o f  beam command changes. 
2) The da ta  gap i n  F i g u r e  1, f rom 55730 t o  55770 UT, r e s u l t e d  f rom a  t r a n s -  
m iss ion  l o s s ,  and occur red  w h i l e  t h e  e l e c t r o n  beam was o f f .  Therefore,  i t  
i s  n o t  accompanied by g a i n  changes i n  SC5. 3)  Once p e r  s p i n  t h e  perpen- 
d i c u l a r  ESAs face  t h e  sun. Contaminat ion f r om photoemissions i n  t h e  
channe l t rons  g i ve  t h e  very l a rge ,  double-peaked pu lses  i n  F i g u r e  1. The 
sun pu lses  obscure t he  perpend icu la r  ESA da ta  f o r  12 seconds. 4 )  Because 
o f  t h e  t a i l - l i k e  magnetic f i e l d  c o n f i g u r a t i o n  and t h e  l a r g e  nega t i ve  mag- 
n e t i c  l a t i t u d e  o f  SCATHA, t h e  s o l a r  d i r e c t i o n s  and t h e  d i r e c t i o n  a n t i -  
p a r a l l e l  t o  the magnet ic f i e l d  a r e  near one ano ther  ( - 30 ° ) ,  a  somewhat 
unusual occurrence. I n  ec l i pse ,  w i t h  t h e  absence o f  t h e  sun pulse, a  
more complete sampl ing o f  p i t c h  angle e f f e c t s  i s  poss ib le .  

General Features o f  SC5 Measurements. Per iods o f  h i gh  c u r r e n t  emis- 
s ions  ( l a b e l l e d  B i n  F iqures  1  and 2 )  a r e  c h a r a c t e r i z e d  i n  SC5 measurements 
by g r e $ t l y  enhanced count r a t e s  (up t o  an o r d e r  o f  magnitude) i n  t h e  energy 
channels c l ose  t o  beam energy. E l e c t r o n  f l u x e s  f o r  t h e  3  keV, 0.10 mA 
s t a t e  (55548 - 55685 UT i n  F igu re  1  and 56974 - 57109 UT i n  F i g u r e  2)  a r e  
c o n s i s t e n t  w i t h  a  s a t e l l i t e  p o t e n t i a l  o f  + 3  kV r e l a t i v e  t o  t h e  ambient 
plasma. The sharp r i s e  o f  counts i n  energy channels below 3  keV i s  
a t t r i b u t e d  t o  t h e  measurement o f  backsca t te red  and secondary e lec t rons .  
Responses i n  s u n l i g h t  and e c l i e s e  a re  g e n e r a l l y  s i m i l a r .  However, t h e  
p i t c h  ang le  v a r i a t i o n s  o f  t h e  E = 4.6 keV channel ( c l o s e s t  t o  s a t e l l i t e  
p o t e n t i a l  ) show more complex i t y  d u r i  ng e c l  i pse. The para1 1  e l  de tec to r s  
show a  sharp r i s e  i n  counts i n  a l l  energy channels w i t h  T < 9  keV, f o l l o w -  
ed by a  slow decay a t  55567 and 55624 UT ( F i g u r e  I ) ,  and 56996 UT (F igu re  2). 
A t  these  t imes t h e  e l e c t r o n  beam was e m i t t e d  n e a r l y  pe rpend i cu la r  t o  t h e  
magnet ic f i e l d .  These pulses represen t  d i r e c t  r e t u r n s  o f  t h e  beam t o  t h e  
s a t e l l i t e  i n  one gyroper iod. A  more d e t a i l e d  p r e s e n t a t i o n  o f  t h e  measure- 
ments i s  given below. An a n a l y t i c a l  express ion  f o r  c a l c u l a t i n g  t h e  t r a -  
j e c t o r i e s  o f  beam e l e c t r o n s  i n  t h e  presence o f  a  magnet ic f i e l d  and a  
Coulomb-1 i ke sheath e l e c t r i c  f i e l d  i s  d e r i v e d  i n  t h e  d i scuss ion  sect ion.  

D u r i n g  per iods o f  0.3 keV, 0.10 mA beam emiss ion (55658 - 55707 UT and 
55869 - 55905 UT) t h e  measured f luxes  a r e  c o n s i s t e n t  w i t h  a  sate1 l i t e  
p o t e n t i a l  o f  + 0.3 kV. The peak response i s  i n  t h e  = 0.27 keV channel. 
An examinat ion o f  t h e  response o f  t h e  pe rpend i cu la r  d e t e c t o r  i n d i c a t e s  a  
p o s s i b l e  s a t u r a t i o n  i n  t h i s  energy channel. The pe rpend i cu la r  counts a r e  
gene ra l l y  lower than  t h e  p a r a l l e l  counts by a  f a c t o r  o f  4. More 
i m p o r t a n t l y ,  when t h e  d e t e c t o r  look  d i r e c t i o n  i s  c l o s e  t o  t h e  magnet ic 
f i e l d ,  i ns tead  o f  r eco rd ing  inc reased  counts  as do a1 1  n e i  ghbor i  ng channels, 
i t  records  fewer counts. Th i s  behavior  i s  c o n s i s t e n t  w i t h  channel t r o n  
s a t u r a t i o n .  

For  low c u r r e n t  emiss ion per iods  which c o i n c i d e  w i t h  t h e  f i r s t  severa l  



minutes o f  F i gu res  1  and 2  ( l a b e l l e d  A) no charg ing  peaks a re  obvious i n  
t h e  measurements. There a r e  r e l a t i v e  s h i f t s  o f  t h e  v e h i c l e  p o t e n t i a l  a t  
these  t imes. F i gu re  3  shows a  p l o t  o f  f o u r  t e n  second averages o f  d i s t r i -  
b u t i o n  f u n c t i o n s  measured by t h e  para1 l e l  d e t e c t o r s  w i t h  t h e  3  keV, 0.01 mA 
beam on and o f f ,  i n  s u n l i g h t  and i n  ec l ipse.  R e l a t i v e  t o  t h e  ' i n -sun-  
l i g h t ,  beam o f f '  d i s t r i b u t i o n  t he  d i s t r i b u t i o n  f u n c t i o n s  w i t h  t h e  beam on 
i n  s u n l i g h t  ( e c l i p s e )  i n d i c a t e s  t h a t  t h e  s a t e l l i t e  p o t e n t i a l  i s  s h i f t e d  by 
+ 100 (+ 300) v o l t s .  The d i s t r i b u t i o n  f u n c t i o n  measured i n  e c l i p s e  w i t h  
t h e  beam o f f  i s  depressed r e l a t i v e  t o  a l l  o thers .  Simultaneous measure- 
ments by t h e  E l e c t r i c  F i e l d  Detec to r  on SCATHA (SC10) i n d i c a t e  t h a t  
s a t e l l i t e  ground was -320 v, below t h a t  o f  t h e  ambient plasma. We do n o t  
b e l i e v e  t h a t  t h i s  measured s a t e l l i t e  p o t e n t i a l  i s  e n t i r e l y  r ep resen ta t i ve  
o f  a  n a t u r a l  p lasma-sa te l l  i t e  equ i l i b r i um.  It a l s o  i nc l udes  r e s i d u a l  
e f f e c t s  o f  p rev ious  e l e c t r o n  beam operat ions. Cohen e t  a l .  ( r e f  5)  show 
t h a t  a f t e r  e l e c t r o n  beam t u r n  o f f  i n  e c l i p s e  t h e  v e h i g e p o t e n t i a l  swings 
f rom p o s i t i v e  t o  h i g h l y  negat ive,  then s l o w l y  r e l axes  t o  t h e  ambient poten- 
t i a l .  

Low-energy e l e c t r o n s  observed du r i ng  l ow-cu r ren t  s t a t e s  were near  
f i e l d - a l i g n e d .  I n  s u n l i g h t  (F i gu re  I ) ,  count r a t e s  i n  t h e  t h r e e  lowest  
energy channels (r = 0.1 1, 0.27 and 0.65 keV) show a  broad inc rease  when 
t h e  pe rpend i cu la r  d e t e c t o r  moni tored p i t c h  angles w i t h i n  45" o f  t h e  f i e l d  
l i n e .  Th is  f i e l d - a l i g n e d  s t reaming o f  e l e c t r o n s  a l s o  may have been p resen t  
i n  t h e  h i g h  c u r r e n t  s t a tes ,  bu t  i s  obscured by g e n e r a l l y  h i gh  counts when 
t h e  beam c u r r e n t  was increased. We note t h a t  t h e  s t reaming p e r s i s t e d  a f t e r  
t h e  h i g h  c u r r e n t  beam i s  t u rned  o f f  (55715 UT, F i g u r e  1  ) ex tend ing  i n t o  t h e  - 
E = 1.5 keV channel. I n  e c l i p s e  (F igure 2 )  t h e  s t reaming  again occur red  
d u r i n g  low c u r r e n t  emissions. Here it appears o n l y  i n  t h e  two energy 
channels (0.27 and 0.68 keV) c l o s e s t  t o  t h e  s a t e l l i t e  p o t e n t i a l ,  and appears 
t o  grow w i t h  t ime. Dur ing  e c l i p s e  the peak va lues d i d  n o t  occur  a t  t h e  
c l o s e s t  approach t o  t h e  f i e l d  l i n e ,  but  r a t h e r  a t  some 30" t o  t h e  f i e l d  
l i n e ,  ex tend ing  f rom 6" 90' and f rom 174" - 90". The s t reaming i s  no t  
seen when t h e  beam was o f f  i n  e c l i p s e  (>57180 UT), b u t  here t h e  depress ion 
i n  low energy e l e c t r o n  counts i nd i ca tes  t h a t  t h e  s a t e l l i t e  was charged 
nega t i ve l y ,  which would p reven t  access o f  t h e  s t reaming  e lec t rons  
(F igu re  3). 

D i r e c t  r e t u r n  o f  t h e  3  keV, 0.1 mA beam t o  t h e  p a r a l l e l  de tec to rs .  
P r e v i o u s l y  we no ted  pu lses i n  t he  count r a t e  o f  t h e  LE ESA channels o f  t h e  
p a r a l l e l  d e t e c t o r  a t  55567 and 55624 UT (F igu re  1 )  and 56996 UT (F igu re  2). 
These pu lses  were i n t e r p r e t e d  as s igna tu res  o f  t h e  3  keV beam e l e c t r o n s  
r e t u r n i n g  cohe ren t l y  t o  t h e  s a t e l l i t e .  I n  t h i s  subsec t ion  we suppor t  
t h i s .  i n t e r p r e t a t i o n  by cons ide r i ng  the response o f  va r ious  channels as a  
f u n c t i o n  o f  t h e  p i t c h  angle of t h e  emi t ted  beam. That t h e  beam was mono- 
e n e r g e t i c  and h i  g h l y  d i  r ec ted  i s  demonstrated by compari ng t h e  pu l se  shapes 
w i t h  p re launch  c a l i b r a t i o n  curves f o r  SC-5 ( r e f  7). 

Labora to ry  t e s t i n g  has shown t h a t  t h e  background channel as w e l l  as 
channels 1-3 o f  t h e  e l e c t r o n  LE ESA's respond i n  t h e  same way t o  3 keV 
e l e c t r o n s  ( F i g u r e  4  o f  r e f  7). I n  F igures 1  and 2  t h e  pu lses  a r e  c l e a r l y  
seen i n  t h e  background channel bu t  are obscured i n  t h e  o t h e r  e l e c t r o n  LE 
ESA channels by l a r g e  numbers o f  backscat tered and secondary e l e c t r o n s  



t h a t  accompany h i g h  c u r r e n t  beam operat ions.  

The shape o f  t he  pu lse  can be determined i n  g r e a t e r  d e t a i  1  by s tudy ing  
t h e  response of  t h e  i o n  LE ESA's. Dur ing  t h e  p e r i o d  of beam opera t ions ,  
a1 1 low energy i o n  channels were a t  background l e v e l s .  Labora to ry  c a l i b r a -  
t i o n s  show t h a t  t h e  i o n  LE ESA channels respond i d e n t i c a l l y  t o  i n c i d e n t  
e l e c t r o n s  w i t h  energ ies g rea te r  than 1  keV t h a t  s c a t t e r  th rough  t h e  detec- 
t i o n  p l a tes ,  but  a re  i n s e n s i t i v e  t o  i n c i d e n t  e l e c t r o n s  w i t h  energ ies  below 
1  keV ( F i g u r e  12, r e f  7). Because t h e  response o f  t h e  channels t o  h i g h  
energy e l ec t rons  i s  t h e  same, t h e  counts can be p l o t t e d  s e q u e n t i a l l y  i n  
t ime  i r r e s p e c t i v e  o f  channel. Th i s  increases t h e  t ime  r e s o l u t i o n  f rom 1  
t o  0.2 seconds. F igure  4  shows t h e  t h r e e  pu lses  as observed by t h e  back- 
ground and f ou r  LE ESA's o f  t h e  p a r a l l e l  i o n  d e t e c t o r  as f u n c t i o n s  o f  t ime  
(bot tom s c a l e )  and p i t c h  angle o f  t h e  e m i t t e d  beam ( t o p  sca le ) .  I n  a l l  
t h r e e  cases the  pu lses  have i d e n t i c a l  shapes: a  sharp r i s e  i n  l e s s  than 
one second i s  f o l l owed  by a  f a l l o f f  over  t h e  nex t  two seconds. I n  s u n l i g h t  
t h e  pu l se  peak occurs when t h e  e l e c t r o n  beam i s  e m i t t e d  pe rpend i cu la r  t o  
t h e  magnet ic f i e l d ;  i n  e c l i p s e  i t  occurs a t  p i t c h  angles o f  78". The 
look d i r e c t i o n  o f  t h e  p a r a l l e l  d e t e c t o r  was 100" ( F i g u r e  1 )  i n  s u n l i g h t  
and 96" (F igure  2 )  i n  ec l ipse .  I n  t h e  d i scuss ion  s e c t i o n  we show a n a l y t i -  
c a l l y  t h a t  beam e l e c t r o n s  e m i t t e d  pe rpend i cu la r  t o  t h e  magnet ic f i e l d  
should r e t u r n  t o  t h e  s a t e l l i t e  i n  t h e  v i c i n i t y  o f  t h e  p a r a l l e l  d e t e c t o r  i f  
t h e  beam energy and t h e  s a t e l l i t e  p o t e n t i a l  a r e  equal. 

The i n s e r t  t o  F igu re  4  shows t h e  response curves f o r  t h e  = 4.6 keV 
e l e c t r o n  channel t o  a  3 keV beam as a  f u n c t i o n  o f  t h e  angles a ( t h e  
heavy l i n e )  and r3 ( t h e  t h i n  l i n e ) .  The angle a i s  measured f rom t h e  
normal t o  t h e  de tec to r  ape r tu re  i n  t h e  p lane  pe rpend i cu la r  t o  t h e  p l a t e s  
o f  t h e  detector .  The angle B i s  measured f rom t h e  normal t o  t h e  
d e t e c t o r  ape r tu re  i n  t h e  p lane p a r a l l e l  t o  t h e  d e t e c t o r  p l a tes .  The 
p lane  c o n t a i n i n g  t h e  angle a i s  p a r a l l e l  t o  t h e  s p i n  a x i s  o f  t h e  s . a t e l l i t e  
and passes w i t h i n  severa l  inches o f  it. The response curve  f o r  changes i n  
t h e  angle a c l o s e l y  resemble t h e  shape o f  t h e  pulses. S ince t h e  i o n  LE 
ESA i s  responding t o  s c a t t e r e d  e l ec t rons ,  t h e  s i m i l a r i t y  i n  shape cou ld  be 
co inc iden ta l .  We have, however, compared t h e  pu lses  as seen i n  t h e  i o n  
LE ESAs t o  those seen i n  t h e  e l e c t r o n  LE ESAs, and a l though t h e  t ime  reso- 
l u t i o n  f o r  a  given channel i s  poorer,  t h e  shape i s  reproduced. The agree- 
ment between the  pu lse  shape and t h e  response curve  i m p l i e s  t h a t  t h e  detec-  
t o r  i s  indeed d e t e c t i n g  a  monoenergetic, u n i d i r e c t i o n a l  beam t h a t  i s  s l ow l y  
sweeping ove r  t h e  ape r tu re  o f  t h e  de tec to r ,  w h i l e  r o t a t i n g  i n  t h e  a d i  rec -  
t i o n .  If t h e  beam were r o t a t i n g  i n  a  combinat ion o f  t h e  two d i r e c t i o n s  
measured by a and 8  , t h e  pu l se  would have a more symmetric shape. 

We now wish t o  c a l c u l a t e  t h e  energy o f  t h e  r e t u r n i n g  beam and t h e  
c u r r e n t  i t  i s  car ry ing .  For  t h e  case o f  a  monoenerget ic and monod i rec t iona l  
beam r e t u r n i n g  t o  t h e  spacec ra f t  counts w i  11 be recorded s imu l taneous ly  i n  
more than  one channel o f  t h e  de tec to r .  Th i s  i s  t h e  r e s u l t  of t h e  very 
l a r g e  A E/E o f  t h e  inst rument .  The r a t i o  o f  t h e  peak counts measured i n  
t h e  d i f f e r e n t  channels w i l l  be t h e  same as t h e  r a t i o  o f  t h e i r  maximum 
e f f e c t i v e  de tec t i on  areas i n  those channels a t  t h e  energy of t h e  beam, i.e. 



where n i ,  n j  and A i m ,  A j m  are t h e  counts and maximum d e t e c t i o n  areas 
f o r  channels, i and J respec t i ve l y .  The e f f e c t i v e  d e t e c t i o n  area, A(E), i s  
t h e  f a c t o r  t h a t  conver ts  counts t o  f l u x  f o r  a  u n i d i r e c t i o n a l  and rnono- 
e n e r g e t i c  f l u x  a t  a  s p e c i f i c  se t  o f  angles a and B . The maximum e f f e c -  
t i v e  d e t e c t i o n  area, Am(E), i s  t h e  l a r g e s t  va lue  o f  A(E) over  a l l  angles 
a t  a  g iven  energy, E. Values o f  Am(E) f o r  t h r e e  channels o f  i n t e r e s t  a re  
1  i s t e d  i n  Table 2. 

From t h e  l a b o r a t o r y  c a l i b r a t i o n  we know t h a t  t h e  r a t i o s  o f  A(E) f o r  
t h e  LE ESA channel 4 and t h e  H I  ESA channel 2  a t  2, 3, and 4  keV a re  
1.12 x lo1, 2.81, and 6.61 x respec t i ve ly .  The channel t h a t  shows t h e  
peak response t o  t h e  r e t u r n i n g  beam i s  H I  ESA channel 1, b u t  i t  cannot be 
used i n  t h i s  case s i n c e  t h e  r e t u r n  f l u x  has s a t u r a t e d  t h e  channeltron. 
The measured r a t i o  o f  peak count ra tes f o r  t h e  beam r e t u r n i n g  f o r  LE ESA 
channel 4 and H I  ESA channel 1 i s  -0.8. I n t e r p o l a t i n g  t h e  r a t i o s  g ives a  
beam energy o f  - 3400 eV. Consider ing t h e  u n c e r t a i n t i e s  i n  t h e  measurements 
t h i s  va lue i s  w i t h i n  e r r o r  o f  be ing  t h e  beam energy. Tak ing t h e  beam t o  
have an energy o f  3  keV we c a l c u l a t e  t h e  c u r r e n t  u s i n g  t h e  count r a t e  seen 
i n  t h e  H I  ESA 2  and t h e  corresponding va lue  o f  Am(E) l i s t e d  i n  t a b l e  2. 
Th i s  g ives  a  c u r r e n t  o f  - 0.1 n~/cm*.  

D i r e c t i o n a l i t y  o f  E l e c t r o n  Fluxes. F igures  5  and 6 i l l u s t r a t e  t h e  
d i r e c t i o n a l i t y  and i n t e n s i t y  o f  e l e c t r o n  f l u x e s  t o  SCATHA d u r i n g  low and 
h i g h  beam opera t ions ,  i n  s u n l i g h t  and ec l i pse .  I n  each case, one f u l l  
sp i n  o f  t h e  sate1 1  i t e  i s  represented. Heavy (1 i gh t )  1  i nes  represent  
measurements o f  t h e  perpend icu la r  ( p a r a l l e l )  de tec to r .  For convenience 
i n  our  d i scuss ion  below, c u r r e n t  balance measurements a r e  p l o t t e d  as 
d i r e c t i o n a l  c u r r e n t  d e n s i t i e s  ( j * ) .  These q u a n t i t i e s  a r e  ob ta ined  by 
numerical  l y  i n t e g r a t i n g  d i f f e r e n t i a l  f l u x e s  over  t h e  energy range o f  t h e  
e l e c t r o n  ESA's. The p i t c h  angles o f  t h e  SC5 pe rpend i cu la r  de tec to r  and 
t h e  SC4 beam as f u n c t i o n s  o f  t ime  are p rov ided  i n  t h e  bot tom panels o f  t h e  
f i gu res .  The p i t c h  angle o f  t h e  SC5 p a r a l l e l  d e t e c t o r  was 99-101' i n  
s u n l i g h t  and 95-96" i n  ec l ipse .  Data gaps occur  d u r i n g  sun pulses. 

A  comparison o f  da ta  i n  t h e  two f i g u r e s  shows t h a t :  

a )  The values o f  j* a r e  approximately a  f a c t o r  o f  t e n  l a r g e r  f o r  t h e  
h i g h  beam c u r r e n t  (0.10 mA) than  f o r  t h e  low beam c u r r e n t  (0.010 mA). 

b) The para1 l e l  de tec to r s  ( t h i n  1  i ne) g i v e  sys tema t i ca l  l y  1  ower 
values o f  j* t h a n  t h e  perpend icu la r  de tec to r s  (heavy l i n e ) .  Except d u r i n g  
h i gh  c u r r e n t  emissions a t  p i t c h  angles near 90°, d iscussed above, t h i s  i s  
t r u e  o f  a l l  p i t c h  angles. 

c )  Wi th  t h e  excep t ion  o f  t h e  low c u r r e n t  case i n  s u n l i g h t ,  SC5 
shows t h a t  t h e r e  i s  an enhanced cu r ren t  r e t u r n  a t  p i t c h  angles near 0' and 
180". The peak r e t u r n  i s  10" - 20" f rom neares t  f i e l d  a l ignment  bu t  i n  



s u n l i g h t  occurs on oppos i te  s ides  o f  t h e  f i e l d  t han  i n  ec l i pse .  For h i gh  
c u r r e n t s  i n  sun1 i ght  t h e  enhancement near t h e  magneti c  f i e 1  d  d i  r e c t i  on 
accounts f o r  near ly  a l l  t h e  p i t c h  angle modu la t ion  i n  t h e  perpend icu la r  
detectors .  I n  e c l i p s e ,  however, t h e r e  a re  a  v a r i e t y  o f  a d d i t i o n a l  modu- 
l a t i o n s ;  one which i s  as l a r g e  as t h e  magnet ic f i e l d - a l i g n e d  v a r i a t i o n  
occurs f o r  SC5 (SC4-1) p i t c h  angles near 90" (50°, 130'). 

DISCUSSION 

Cur ren t  Balance d u r i n g  Beam Emissions. I n  an equi  1  i br ium s i t u a t i o n ,  
t h e  sur face  ~ o t e n t i a l  o f  a  body immersed i n  a  plasma a d j u s t s  i t s e l f  so t h a t  
t h e r e  i s  a  zero n e t  c u r r e n t  t o t h e  body. ~ h i s ' i s  t r u e  whether o r  n o t  t h e  
body i s  an e m i t t e r  o f  charged p a r t i c l e s .  I n  t h e  case cons idered here, t h e  
s a t e l l i t e  emi ts  an e l e c t r o n  beam and t h e  c u r r e n t  ba lance equat ion  i s :  

where IB, I and I z e  represen t  t h e  f r a c t i o n  o f  t h e  beam, pho toe lec t ron  
and secondary e l e c t r o n  cu r ren t s ,  respect  i ve l y  , t h a t  escape f rom t h e  sate1 - 
l i t e ;  Ii and Ie represen t  t h e  p o s i t i v e  i o n  and e l e c t r o n  c u r r e n t s  t o  t h e  
s a t e l l i t e  f r o m t h e  ambient plasma and I g s  represen ts  t h e  c u r r e n t  due t o  
backsca t te red  ambient e l e c t r o n s  away f rom t h e  s a t e l l i t e .  

The f r a c t i o n  o f  t h e  em i t t ed  beam t h a t  escapes t h e  v e h i c l e  and c o n t r i  b- 
u tes  t o  I g  i s  p o s s i b l y  q u i t e  d i f f e r e n t  du r i ng  low and h i g h  c u r r e n t  beam 
operat ions.  Dur ing low c u r r e n t  opera t ions  t h e  sate1 li t e  p o t e n t i a l  r e l a t i v e  
t o  t h e  plasma was a  smal l  f r a c t i o n  o f  t h e  beam energy. I n  t h i s  case, a l l  beam 
e l e c t r o n s  leave t h e  s a t e l l i t e .  Only t h e  smal l  f r a c t i o n  o f  secondary and 
pho toe lec t rons  w i t h  energ ies g r e a t e r  than  t h e  sate1 1  i t e  p o t e n t i a l  (+ I00  - 
+300V) c o n t r i b u t e  t o  I z e  and Iv . Dur ing  h i g h  c u r r e n t  ope ra t i ons  t h e  
s a t e l l i t e  p o t e n t i a l  approximates t h e  beam energy. Here a  s u b s t a n t i a l  
f r a c t i o n  o f  the e m i t t e d  beam may r e t u r n  t o  t h e  s a t e l l i t e .  The h i g h  p o s i -  
t i v e  s a t e l l i t e  p o t e n t i a l  complete ly  supresses l z e  and 1.. Thus I g  + 
Ii + I g s  must be balanced by e l e c t r o n s  f rom t h e  ambient plasma, 1,. 

The SC5 measurements can p rov ide  e m p i r i c a l  i n d i c a t i o n s  o f  t h e  means 
by which cu r ren t  balance between t h e  sate1 1  i t e  and plasma i s  achieved 
d u r i n g  e l e c t r o n  beam operat ions.  As s t a t e d  above, t h e  SC5 package 
cons i s t s  of two se t s  o f  mu tua l l y  or thogonal ,  outward l o o k i n g  detectors .  
The e l e c t r o s t a t i c  analyzers  sample incoming e l e c t r o n s  and p o s i t i v e  i ons  i n  
approx imate ly  10' by 10" s o l  i d  angles about a p p r o p r i a t e  surface-normals i n  
e i g h t  r a t h e r  broadly spaced e  ergy steps. The d i r e c t i o n a l ,  d i f f e r e n t i a l  9 f l u x  (J(Ei ) )  i n  e l ec t rons / ( cm -sec-sr-keV) i s  ob ta i ned  f r om t h e  count 
r a t e  ( N i )  o f  the i t h  energy channel u s i n g  t h e  i s o t r o p i c  geometr ic f a c t o r  
G (E i )  A E i :  

The c a l c u l a t i o n  i s  v a l i d  when t h e  incoming plasma i s  i s o t r o p i c  over  t h e  
angu la r  w i d t h  of t h e  de tec to rs ,  a  c o n d i t i o n  g e n e r a l l y  met by t h e  ambient 
plasma even w i t h  s t r o n g  p i t c h  angle modulat ions found i n  na tu re ;  b u t  n o t  



f o r  t h e  case o f  a  r e t u r n i n g  beam t h a t  i s  narrow i n  energy and/or d i r e c t i o n .  
The d i r e c t i o n a l  c u r r e n t  d e n s i t y  t o  the s a t e l l i t e  ' f o r  t h e  range o f  t h e  SC5 
ESAs i s :  

where e  i s  t h e  charge o f  an e l e c t r o n  (1.6 x  10-19c). L i k e  J(Ei), j* 
has a  one second r e s o l u t i o n .  

The values o f  j* i n  F igu res  5  and 6  represent  t h e  t o t a l  e l e c t r o n  
c u r r e n t  measured by t h e  de tec to rs ,  but n o t  necessa r i l y  t h e  e l e c t r o n  
c u r r e n t  p rov ided  by t h e  ambient plasma. That i s ,  e l e c t r o n s  which o r i g i n -  
a t e  on t h e  s a t e l l i t e  su r f ace  and r e t u r n  t o  t h e  s a t e l l i t e  as a  r e s u l t  o f  
t h e  a t t r a c t i v e  s a t e l l i t e  e l e c t r i c  f i e l d  w i l l  a l s o  be de tec ted  i f  they  
have energ ies >50 eV and a r e  d i r e c t e d  w i t h i n  10" pe rpend i cu la r  t o  t h e  
sur face.  These can i n c l u d e  photoelect rons,  backsca t te red  and secondary 
e l e c t r o n s  and r e t u r n i n g  beam e lec t rons .  Nevertheless, an i n i t i a l  
comparison t o  t h e  beam c u r r e n t  can be made by c a l c u l a t i n g  t h e  t o t a l  
cu r ren t ,  I, t o  a  s a t e l l i t e  o f  area A s  assuming t h e  p a r t i c l e  f l u x  t o  be 
i s o t r o p i c :  

I = j * A s n .  ( 5 )  

The area o f  SCATHA i s  14.2 m2. Thus t o  balance an e m i t t e d  c u r r e n t  
o f  0.1 (0.01) mA an i s o t r o p i c  d i r e c t i o n a l  c u r r e n t  d e n s i t y  o f  0.22 (0.022) 
n ~ / c m ~ s r  would be requ i red ,  and i s  shown as t h e  dashed l i n e  i n  f i g u r e  6. 
I n  f i g u r e  5  t h e  values o f  j* a r e  more than  t w i c e  t h e  va lue  r e q u i r e d  f o r  
i s o t r o p i c  r e tu rn .  

I n  view o f  our  a n t i c i p a t o r y  remarks concern ing t h e  e f f e c t s  o f  t h e  
s a t e l l i t e  p o t e n t i a l  ( @ ,) on I z e ,  I , and t h e  f r a c t i o n  o f  t h e  beam t h a t  
escapes, i t  i s  no t  s u p r i s i n g  t h a t  the  n a i v e l y  c a l c u l a t e d  q u a n t i t y  j *ASn 
exceeds t he  norma l l y  e m i t t e d  cu r ren t .  To es t imate  t h e  "con tamina t ion"  
e f f e c t s  o f  photo, secondary and r e t u r n i n g  beam e l e c t r o n s  on ou r  measurement 
o f  Ie it i s  u s e f u l  t o  d e f i n e  severa l  spin-averaged d i r e c t i o n a l  f l u x e s ,  
j * ~ ,  j * ~  and j * ~ .  

0 

The < > b racke ts  i n d i c a t e  spin-average values. I n  t h e  averag ing  process 
per iods  a re  exc luded when: ( a )  t h e  p a r a l l e l  d e t e c t o r  was sub jec t  t o  d i r e c t  
beam r e t u r n ,  e.g., T  = 0  - 30 sec i n  F igu re  5; and (b)  t h e  pe rpend i cu la r  
d e t e c t o r  i s  contaminated by s u n l i g h t .  The averaged q u a n t i t i e s  i n  eq 6, 7, 
and 8 s a c r i f i c e  t h e  1  second r e s o l u t i o n  and p i t c h  angle complex i t y  o f  j*. 
By exc lud ing  e l e c t r o n s  w i t h  energ ies l e s s  than  t h e  s a t e l l i t e  p o t e n t i a l ,  



j * ~  e l im ina tes  pho toe lec t rons  and secondaries whose t r a j e c t o r i e s  
begin and end on t h e  s a t e l l i t e  f rom our  es t ima te  o f  1,. The q u a n t i t y ,  
j * H l ,  i s  t h e  spin-averaged, d i r e c t i o n a l  c u r r e n t  d e n s i t y  t o  t h e  = 4.5 
keV channel. This i s  t h e  channel c l o s e s t  i n  energy t o  3  keV. It i s  sen- 
s i t i v e  t o  r e t u r n i n g  beam e l e c t r o n s  and t o  co ld ,  ambient e l e c t r o n s  acce le r -  
a ted  t o  a  +3 keV s a t e l l i t e .  

Equat ions 6, 7  and 8  can be combined w i t h  eq 5 t o  determine t h e  
corresponding spin-averaged t o t a l  cu r ren t s :  

Values o f  these q u a n t i t i e s  i n  11 A d u r i n g  var ious  beam ope ra t i ons  a re  l i s t e d  
i n  Table 3. The s tandard n o t a t i o n  A, B y  S and E a re  used t o  desc r i be  h i g h  
and low c u r r e n t  and sun1 i g h t  and e c l i p s e  opera t ions ,  r e s p e c t i v e l y .  The 
column O(S) gives c u r r e n t  values when t h e  beam was o f f  i n  s u n l i g h t .  A lso  t h e  
averaged cur ren ts  a re  l i s t e d  accord ing  t o  whether t h e  a p p r o p r i a t e  values 
o f  j* were c a l c u l a t e d  u s i n g  t h e  p a r a l l e l  o r  pe rpend i cu la r  de tec to r .  For 
zero-order  cu r ren t  balance t h e  c u r r e n t s  l i s t e d  i n  Table 3  should t o  be 
compared w i t h  the  nominal beam c u r r e n t s  o f  10 and 100 P A .  

F i r s t  cons ider  r e s u l t s  d u r i n g  low c u r r e n t  ope ra t i ons  A(S) and A(E) :  

a)  The beam d i d  n o t  r e t u r n  t o  t h e  s a t e l l i t e .  1 ~ 1  ma in ta ins  a  va lue  
o f  6  P A  w i t h  the beam o f f  and on (A(S) :  6 -7pA ;  O(S): 6 p A ;  A(E) :  
~ I J  A). 

b )  I f  the  va lue  o f  I, i n  eq 2  i s  taken t o  be IE, t h e  ambient plasma 
e l e c t r o n s  p rov ide  a  c u r r e n t  t o  t h e  s a t e l l i t e  t h a t  i s  g r e a t e r  by a lmost  a  
f a c t o r  o f  2  than t h e  c u r r e n t  o f  t h e  beam l e a v i n g  t h e  s a t e l l i t e  
(A(S):  16-18 P A; A(E) :  19-23 p A; O(S): 16-19 p A). Note t h a t  values 
f o r  A(S),  O(S) a r e  n e a r l y  t h e  same. 

c )  For low s a t e l l i t e  p o t e n t i a l s ,  < +400 v, ambient keV e l e c t r o n s  
a re  l i t t l e  a f f e c t e d  by beam opera t ions .  Therefore,  f o r  low beam cu r ren t ,  
we d i v i d e  IE i n t o  two p a r t s :  c o n t r i b u t i o n s  f rom E < 1.7 keV, and from 
E > 1.7 keV. These a r e  shown i n  Table 3  i n  parentheses nex t  t o  t h e  va lue  
o f  IE, w i t h  the  c o n t r i b u t i o n  f rom E < 1.7 keV f i r s t .  (High c u r r e n t  cases 
c o n t a i n  on l y  c o n t r i b u t i o n s  t o  IE for  E > 1.7 keV, s i nce  s a t e l l i t e  p o t e n t i a l  
i s  3  kV). The h i g h  energy c o n t r i b u t i o n  ( >  1.7 keV) inc reases  between 
A(S) (11 P A )  and O(S) ( 1 4 p A ) ;  then decreases a t  t h e  t i m e  of A(E) 
( 1 - 1 1  P A). The i nc rease  between A(S) and O(S) i s  due t o  t h e  s a t e l l i t e  
hav ing crossed a  9  keV A l f v e n  boundary l aye r .  The decrease between O(S) 
and A(E) i s  due t o  t h e  development of l o s s  cones i n  t h e  e l e c t r o n  p i t c h  
angle d i s t r i b u t i o n  ( c f  F i gu res  1  and 2 ) .  

d )  E lec t rons  w i t h  E > 1.7 keV a r e  respons ib l e  f o r  between 11 and 
14 IJ A of e l e c t r o n  c u r r e n t  t o  t h e  s a t e l l i t e .  



e )  Beam ope ra t i ons  r e s u l t  i n  an a d d i t i o n a l  e l e c t r o n  c u r r e n t  t o  t h e  
s a t e l l i t e  o f  beween 2  and 7  p A. This c u r r e n t  i s  c a r r i e d  by G 1.7 keV 
e lec t rons .  (Compare A(S) :  5-7 p A, and A(E):  6-12 p A low energy c u r r e n t s  
t o  O(S): 2 -5p  A.) 

f )  -More low energy e l e c t r o n s  reach t h e  s a t e l l i t e  d u r i n g  e c l i p s e  
than  d u r i n g  sun1 i g h t  beam opera t ions ,  (A(S) : 5-7 p A; A(E) : 6-1 2  p A). 

g) While t h e  data has no t  k e n  e x p l i c i t l y  presented, t o t a l  i o n  cu r -  
r e n t  t o  t h e  s a t e l l i t e  i s  l e s s  than  a  f a c t o r  o f  t e n  below t h e  t o t a l  e l e c t r o n  
c u r r e n t  (j* -0.001 n ~ / c m ~ s r )  and appears t o  p l a y  l i t t l e  r o l e  i n  c u r r e n t  
ba 1  ance. 

Consider nex t  t h e  r e s u l t s  du r i ng  h i g h  c u r r e n t  ope ra t i ons  B(S) and 
B(E): 

a )  There i s  evidence t h a t  a  s u b s t a n t i a l  f r a c t i o n  o f  t h e  beam r e t u r n s  
t o  t h e  s a t e l l i t e .  IHI ranges between 62 and 1 0 5 p A  as opposed t o  6 p A  
f o r  t h e  O(S) per iod,  (79 1 , 105 1 I.I A f o r  B(S) and 62 11 , 104 1 p A f o r  
B(E)). As no ted  above, t h e  channel c l oses t  t o  s a t e l l i t e  p o t e n t i a l  i s  
s e n s i t i v e  bo th  t o  beam e l e c t r o n s  and t o  acce le ra ted  c o l d  plasma. I n  t h e  
l a s t  row o f  Table 3  we have est imated t h e  c u r r e n t  t h a t  would be p rov ided  
by c o l d  e l e c t r o n s  ( <  50 eV) acce le ra ted  t o  s a t e l l i t e  p o t e n t i a l  ( I v s )  
assuming a  background d e n s i t y  o f  1  cm-3. Du r i ng  h i g h  c u r r e n t  ope ra t i ons  
these acce le ra ted  e l e c t r o n s  cou ld  p rov ide  up t o  72pA.  Note however, 
t h a t  t h e  s h i f t e d  spec t ra  g iven  i n  F i  u r e  3  a re  more c o n s i s t e n t  w i t h  a  9 c o l d  background d e n s i t y  o f  G 0.2 cm- . We i nc l ude ,  as we1 1, t h e  d e n s i t y  
of t h e  low energy ambient p o p u l a t i o n  (50 eV < E  < 1.7 keV) which i s  a l s o  
acce le ra ted  t o  near beam energy. An upperbound t o  t h i s  d e n s i t y  i s  0.5 cm-3 
( i  .e., t h e  t o t a l  plasma sheet e l e c t r o n  d e n s i t y ) .  Thus, t h e  ambient c o l d  
and low energy e l e c t r o n s  can make a  maximum c o n t r i b u t i o n  t o  IH~ o f  
- 5 0 p A .  The r e t u r n i n g  beam e l e c t r o n  cu r ren t ,  then, has lowerbounds 
t o  t h e  two de tec to r s  between 12 and 55p A. 

b )  The c u r r e n t  t o  t h e  4.5 keV channel i s  h i g h l y  p i t c h  angle modulated 
(F igu re  6) ,  w i t h  t h e  pe rpend i cu la r  de tec to rs  r eco rd ing  30% t o  60% more 
c u r r e n t  than  t h e  p a r a l l e l  de tec to r s .  (For B(S) compare I a = 7 9 p A  t o  
11= 105pA;  f o r  B(E) I ,I= 6 2 p A ,  I * =  104pA . )  

c )  The a d d i t i o n a l  c u r r e n t  supp l ied  by ambient e l e c t r o n s  w i t h  E > 
4.5 keV t o  t h e  s a t e l l i t e  ( I E  - I H ~ )  i s  - 2 0 p A .  

d) The t o t a l  e l e c t r o n  c u r r e n t  t o  t h e  sate1 l i t e ,  r e t u r n i n g  beam p l u s  
ambient ( I E ) ,  i s  85-134 PA,  o r  w i t h i n  30% o f  beam cu r ren t .  

e) The c u r r e n t  t o  t h e  s a t e l l i t e  i s  g r e a t e r  i n  s u n l i g h t  than  e c l i p s e ;  
d i f f e r e n c e s  between p a r a l l e l  and perpend icu la r  de tec to r s  a r e  g r e a t e r  i n  
e c l  i pse. 

Beam P a r t i c l e  T r a j e c t o r i e s .  I n  t h i s  s e c t i o n  t h e  dynamics o f  beam 
e l e c t r o n s  d u r i n g  opera t ions  a t  cu r ren t  l e v e l s  f rom 10-1 00 p A a r e  



descr ibed  by p a r t i c l e  t r a j e c t o r i e s  i n  e l e c t r i c  and magnet ic f i e l d s ,  
i g n o r i n g  space charge e f f e c t s  i n  t h e  beam. 

A p a r t i c l e  o f  mass m y  and charge q, i n  t ime-independent e l e c t r i c  
and magnet ic f i e l d s ,  u) and B&), i s  governed by t h e  equat ion  of  mot ion: 

m(dv /d t )  - = qE(r) + q ( v  - x - B), (1 2) 

where r - 
The 

i s  t he  p o s i t i o n  o f  t h e  p a r t i c l e ,  and - v, i t s  v e l o c i t y .  

e l e c t r i c  f i e l d  can be w r i t t e n  i n  terms o f  a  s c a l a r  p o t e n t i a l  
@ ( r ) :  E = - Vqy). For  t h e  e l e c t r o n  beam ope ra t i ons  d iscussed above 
the-beam e l e c t r o n s  a r e  i n  an a t t r a c t i v e  sate1 l i t e  p o t e n t i a l .  W r i t i n g  
q=-e, e @  i s  a  p o s i t i v e  q u a n t i t y .  It i s  assumed t h a t  t h e r e  i s  sphe r i ca l  
symmetry i n  the  e l e c t r i c  f i e l d  p o t e n t i a l :  @ =  q r ) ;  and t h a t  - B i s  a  
constant  over  t h e  domain o f  i n t e r e s t .  

The coord ina te  system i s  chosen such t h a t  B = B ~ ?  and t h e  o r i g i n  o f  
t h e  coord ina te  system i s  t h e  cen te r  o f  t h e  s a t e i l i t ~ . ~  The equat ions 
of mot ion a r e  w r i t t e n  i n  sphe r i ca l  coord ina tes  (P, 0, 4 ). The i n i t i a l  
c o n d i t i o n  f o r  beam e l e c t r o n s  i s  t h a t  a t  t=O: r = r o  ( r o  t h e  s a t e l l i t e  
r a d i a l  dimension); 8 = % ( t h e  p i t c h  angle o f  t h e  beam); and t h e  
e l e c t r o n s  leave l l i t e  r a d i a l l y  w i t h  k i n e t i c  energy, Eo, and 
v e l o c i t y  vo = 

The 4 and t h e  0 components o f  equa t ion  12, are:  

Here o - @,. 
m 

For  t h e  equat ion o f  mot ion i n  r, we use t h e  lower  o rde r  ( i n  t i m e  
d e r i  v a t i  ve) energy conserva t ion  equat ion  

where E i s  the t o t a l  energy o f  t h e  p a r t i c l e ;  and 

L i s  t h e  k i n e t i c  angu la r  momentum, L = m r x  v. - - - - 



Equation 13 can be solved exact ly  and f o r  t h e  i n i t i a l  c o n d i t i o n  
= 0  ( r a d i a l l y  emi t ted  beam), the s o l u t i o n  i s :  

d t  2  2  
1  - r o  s i n  % . $=+I  r w c  I (1 7) 

I n  t h e  1  i m i  t ro+ 0: d  d d t =  w 12. The e l e c t r o n  executes c i r c u l a r  motion 
w i t h  frequency w 12, i n  a  coordinate system whose o r i g i n  i s  on t h e  path 
o f  t h e  p a r t i c l e ,  (gyromotion o f  a  charged p a r t i c l e  i n  a  constant magnetic 
f i e l d ) .  The second term i n  eq 17 may be considered a  small c o r r e c t i o n  
r e s u l t i n g  f rom e m i t t i n g  t h e  beam a t  ro, r a t h e r  than a t  r = 0. We w i l l  
neg lec t  t h e  second term i n  t h e  fo l l ow ing  simply t o  exped i te  the  argument 
and take: 

d $ =  w .  - - 
d t  2  

(1 8) 

Equation 14 has obvious so lu t ions  f o r  two values o f  %: % = 0, 

n/2, t h a t  i s ,  f o r  e i t h e r  s i n  go, cos go = 0. For both cases, r2d  0/dt 
remains zero a t  r = ro. However, r i s  genera l l y  non-zero, r e q u i r i n g  
d  %/dt  = 0, 8 = %. We consider only these two cases. For 
s i n  (+ = 0, L2 = 0  and t h e  p a r t i c l e  t r a j e c t o r y  i s  a long t h e  magnetic f i e l d .  
The equat ion i n  r i s :  

For  cos (+, = 0, ( p i t c h  angle o f  t h e  beam * 90°), L2 = m2r49. The 
4 

p a r t i c l e  motion remains i n  t he  plane perpendicular  t o  B, and t h e  equat ion - 
i n  r i s :  

Consider two extreme cases. The f i r s t  i s  representa t ive  o f  t h e  low 
cu r ren t  case, i n  t h a t  t h e  s a t e l l i t e  p o t e n t i a l  d i f f e r e n c e  w i t h  respect t o  
t h e  plasma, e  4  ,, i s  much less  than beam energy, Eo. That i s ,  e  4  
<< Eo, and E -Eo. Thus, t he  s a t e l l i t e  p o t e n t i a l  makes on ly  a  small 
p e r t u r b a t i o n  on t h e  motion o f  an e lec t ron  w i t h  k i n e t i c  energy Eo  i n  t h e  

f i e l d .  g i  ven magneti c  

The second 
1  i t e  can reach; 
beam p a r t i c l e s  
t i o n s  19 and 20 

extreme case represents t h e  maximum p o t e n t i a l  t h e  s a t e l -  
t h a t  i s ,  beam energy: e a o  = Eo. I n  t h i s  case t h e  

leave t h e  s a t e l l i t e  w i t h  t o t a l  energy equal t o  zero. Equa- 
become : 

= [ 2e; ( r ) ]  lI2, along t h e  f i e l d ;  
d t  

(21 

2  - r23 , perpend icu la r  t o  t h e  f i e l d .  " = [  d  t 
4 I (22 



Solu t ions  t o  eqs 21 and 22 have t u r n i n g  p o i n t s  f o r  r, g iven by 
d r / d t  = 0. Along the  f i e l d ,  t h e  t u r n i n g  po in t ,  rt, occurs f o r  N r t )  = 
0. I f  q r )  + O  a t  a  d is tance l ess  than i n f i n i t y ,  beam p a r t i c l e s  emi t ted  
along t h e  f i e l d  ( o r  near t h e  f i e l d  d i r e c t i o n )  w i l l  stream back t o  t h e  
s a t e l l i t e .  Pe pend icu la r  t o  t h e  f i e l d ,  t he  t u r n i n g  p o i n t  occurs when 

2  5 N r t )  = m w  rt . The value o f  rt i s  l e s s  f o r  perpend icu la r  emission 
8e 

than f o r  p a r a l l e l  emission. 

To proceed f u r t h e r  we must assume a f u n c t i o n a l  form f o r  Q(r). 
The e l e c t r i c  p o t e n t i a l  t h a t  r e s u l t s  f rom an excess p o s i t i v e  charge on t h e  
s a t e l l i t e  t o  lowest order, can be modelled by a  Coulomb p o t e n t i a l :  

For a  Coulomb p o t e n t i a l  and the  given i n i t i a l  cond i t i ons  t h e  s o l u t i o n s  t o  
eqs 21 and 22 are: 

r = ro (1 + 3 n t)213 , along t h e  f i e l d ;  and 
-2 

perpendicular  t o  t h e  f i e l d .  Here n 5 vo/ro. To w r i t e  eq 25 i n  t h e  
form shown, the approximation: s i n  ( w / 2 n  ) - w 12 n , has been 
used. For a  3 keV beam e lec t ron  i n  a  100 nT magnetic f i e l d ,  w /2Q = 
3 

The t ime requ i red  f o r  t h e  beam e l e c t r o n  t o  r e t u r n  t o  t h e  s a t e l l i t e  
can be der ived from eq 25. For r = 0, 

3 w t  + w  = n n ,  n  an in teger .  
'b 2  n 

Choosing n  = 1  and neg lec t i ng  t h e  second term on t h e  l e f t  hand s ide  o f  eq 26, 

t h a t  i s ,  t h e  beam re tu rns  d isp laced az imutha l ly  by 120". 

The SC5 r e s u l t s  i n d i c a t e  t h a t  A+ = n/2. (Recal l  t h a t  t h e  beam emit -  
t e d  perpendicular  t o  t h e  magnetic f i e l d  on t h e  be1 l y  band was detected 
i n  the  a r a l l e l  detectors.)  Thus, t h e  Coulombic p o t e n t i a l  i s  no t  a  good 
model o  h- t e  s a t e l l i t e  environment. One can a n t i c i p a t e  from eq 22 t h a t  
t he  a d d i t i o n  of a  sheath e l e c t r i c  f i e l d ,  causing t h e  p o t e n t i a l  t o  decrease 
more r a p i d l y  w i t h  distance, w i l l  g ive  a  smal le r  rt. The e l e c t r o n  w i l l  
spend l ess  t ime i n  o r b i t ,  and w t w i l l  be c l o s e r  t o  q2.  

We model the  sheath f i e l d  w i t h  an i n f i n i t e s i m a l l y  t h i n  spher ica l  s h e l l  
of negat ive charge a t  r = a. The t o t a l  charge i n  t h e  s h e l l  i s  taken t o  be 



equal t o  t h e  excess p o s i t i v e  charge on t h e  s a t e l l i t e .  So lv ing  Laplace 's  
equat ion i n s i d e  and outs ide  the  sphere and matching t h e  so lu t i ons  a t  r = a, 
gives f o r  t h e  sheath p o t e n t i a l ,  QS: 

% = - & o  , f o r  r ( a ;  
a  

= - &o , for  r ) a. 
r 

Combining t h e  sheath p o t e n t i a l  and the Coulomb p o t e n t i a l  gives t h e  t o t a l  
p o t e n t i a l  i n  t he  v i c i n i t y  o f  t h e  s a t e l l i t e :  

@ =  %ro ( 1 - l ) ,  f o r  r < a  ; 
r a  

@ =  0, fo r  r > a  . 
Using t h i s  p o t e n t i a l  t o  determine motion a long t h e  f i e l d ,  gives a  t u r n i n g  
p o i n t  a t  r t  = a  (eq 21). Perpendicular t o  t h e  f i e l d ,  r t  i s  l ess  than a  
(eq 22). Therefore, f o r  f unc t i ona l  analys is  we need on l y  use the form- 
f o r  @ g iven by eq 30. Along t h e  f i e l d  t h e  s o l u t i o n  t o  eq 21 i s :  

Here n ' r  ro 'I2 '0; - and t h e  form o f  eq 33 assumes 
( T )  a  

t h a t  i s ,  t h a t  ro/a << 1. As before, t h e  beam e l e c t r o n  re tu rns  t o  the  
veh ic le  ( r  = 0) when t h e  argument o f  t h e  s ine  f u n c t i o n  i s  n , o r  f o r :  

To keep t h e  argument t rac tab le ,  we do n o t  so lve  eq 22 f o r  t h e  poten- 
t i a l  o f  eq 30. But i ns tead  we recognize t h a t  t h e  t ime  requ i red  t o  r e t u r n  
along t h e  magnetic f i e l d  i s  always greater than t h a t  requ i red  t o  r e t u r n  
perpendicular  t o  t he  f i e l d .  Using, then, t h e  r e t u r n  t ime  i n  eq 24 as an 
upperbound, we c a l c u l a t e  t h e  upperbound on t h e  displacement i n  A+ : 

Neg lec t ing  t h e  second term on the  r i g h t  hand s ide  we see t h a t  t he  beam 
e l e c t r o n  can r e t u r n  t o  the  s a t e l l i t e  w i t h  a  d i s ~ l a c e m e n t  o f  n12 i f  



For  a  3  keV e lec t ron  i n  a  100 nT magnet ic f i e l d ,  eq 36 r e q u i r e s  a  - 100 m. 
(Th i s  va lue  o f  - a  j u s t i f i e s  t h e  assumptions concern ing t h e  smal lness o f  
ro/a. > 

I n  t h i s  sec t i on  we have presented s imp le  mathematical  models o f  t h e  
s a t e l l i t e  p o t e n t i a l  t o  show t h a t  t h e  e l e c t r o n  beam can r e t u r n  t o  t h e  s a t e l -  
l i t e  under the  f o l l o w i n g  cond i t i ons :  

a. The s a t e l l i t e  i s  charged t o  beam energy. 

b. The e l e c t r i c  p o t e n t i a l  i s  Columbic, and t h e  beam i s  em i t t ed  per -  
pendi c u l  a r  t o  t h e  magnet ic f i e l d .  The beam r e t u r n s  d i sp laced  az imuthal  l y  
by 120". 

c. The e l e c t r i c  p o t e n t i a l  i s  a  combinat ion o f  Coulomb and sheath 
p o t e n t i a l s .  The beam w i l l  have a  maximum r a d i a l  excu rs i on  f rom t h e  s a t e l -  
l i t e ,  a long  the f i e l d ,  t o  t h e  p o s i t i o n  o f  @ = 0. Angular momentum e f f e c t s  
w i l l  t u r n  t h e  beam a t  a  l e s s e r  d i s t ance  when t h e  beam i s  em i t t ed  perpen- 
d i c u l a r  t o  the f i e l d .  The f u n c t i o n a l  form o f  t h e  sheath p o t e n t i a l  de te r -  
mines t h e  azimuthal  displacement,  and can reduce i t  f rom 120" t o  - go0, 
f o r  a  sheath equal t o  a  n e g a t i v e l y  charged s h e l l  a t  -100  m. It should be 
noted t h a t  such simp1 e  p o t e n t i a l  models g i v e  t r a j e c t o r i e s  which reasonably 
f i t  t h e  data, because t h e  e l e c t r o n s  spend most o f  t h e i r  t ime  near t h e  
t u r n i n g  p o i n t ,  t h a t  i s ,  f a r  f rom t h e  v e h i c l e  where t h e  p o t e n t i a l  models 
may be q u i t e  good. 

F i n a l l y ,  we wish t o  make a  few comments on t h e  low c u r r e n t  case. For 
t h i s  case t h e  beam p a r t i c l e  t r a j e t o r i e s  a re  determined p r i n c i p a l l y  by t h e  
magnet ic f i e l d .  Mot ion i n  a  d i p o l e  f i e l d  has been s t u d i e d  thorough ly  ( r e f  
8), and we expect t h e  beam e l e c t r o n s  t o  leave  t h e  s a t e l l i t e  and t o  gy ra te  
pe rpend i cu la r  t o  t h e  f i e l d ,  t o  m i r r o r  a long  t h e  f i e l d  and t o  d r i f t  eas t -  
ward. The per iods f o r  these  mot ions f o r  a  3  keV e l e c t r o n  are: 4 * 
sec (gyroradius = l o 3  m), 4 sec and 1.3 105 sec. r espec t i ve l y .  The 
volume o f  space occupied by t h e  beam w i l l  approximate a  1  km tube  (near 
t h e  equato r )  which moves ahead o f  t h e  s a t e l l i t e  (which i s  a l s o  moving 
eastward) w i t h  a  r e l a t i v e  speed o f  - 3  km/sec. Any i n t e r a c t i o n s  between 
t h e  beam and the plasma w i l l  a l s o  occupy t h i s  volume. When t h e  beam i s  
t u rned  o f f  the  s a t e l l i t e  w i l l  con t i nue  t o  move on f i e l d  l i n e s  which t h e  
beam has recen t l y  occupied f o r  a  t ime  i n t e r v a l  on t h e  o r d e r  o f  10 min. 
The low energy plasma st reaming a long  f i e l d  l i n e s  d u r i n g  t h e  low c u r r e n t  
opera t ions ,  and c o n t i n u i n g  when t h e  beam i s  t u r n e d  o f f ,  may be an i n d i c a -  
t i o n  o f  a  beam-ambient p l  asma i n t e r a c t i o n .  
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TABLE 1 

ELECTRON BEAM OPERATIONS, MARCH 30, 1979 

I n  Sunl ight  * 
* 
A 
A 
A 
B 
B 

B 
I n  Ec l ipse  * 

A 
A 
A 
B 

SC5 o f f  

Energy (keV) 

t o  3.0 
1.5 
3.0 
0.5 
3.0 
3 .O 
0.3 
0 
0.3 

t o  3.0 
3 .O 
0.5 
3 .O 
3.0 

A: low cur ren t ,  V S  < E 
B: h igh cur ren t ,  V S  = Fo 

TABLE 2 

EFFECTIVE DETECTION AREAS 

Energy (KeV) 

Current  (mA) 

t o  13. 
.01 
.01 
.O1 
.01 
.10 
.10 

0 
.10 

t o  1. 
.01 
.01 
.01 
.10 

TABLE 3 

CURRENT TO THE SATELLITE, MEASURED BY SC5 

A(S) B(S) O(S) B(E) 
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Figure 1  E lect ron  count r a t e s  during e l e c t r o n  beam operations i n  

sunl ight ,  March 30, 1979. 
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Figure 2 Electron count r a t e s  during e lect ron  beam operations i n  e c l i p s e ,  
March 30, 1979. 



Figure  3 
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Elec t ron  d i s t r i b u t i o n  func t i ons  f o r  low c u r r e n t  e l e c t r o n  beam 
operat ions on March 30, 1979. 
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