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SUMMARY 

Three techniques o f  d i scha rg ing  s a t e l l i t e s  were used on t h e  P78-2 s a t e l -  
l i t e  i n  A p r i l ,  1979. The t h r e e  techniques were t h e  e j e c t i o n  o f  a  beam o f  
e l e c t r o n s  f r om an e l e c t r o n  gun; t h e  emiss ion o f  e l e c t r o n s  f rom a heated, 
b iased f i l amen t ;  and t h e  e j e c t i o n  o f  a  plasma c o n t a i n i n g  ene rge t i c  p o s i t i v e  
xenon i o n s  and low energy e lec t rons .  On A p r i  1  22, 1979 when t h e  P78-2 sate1 - 
l i t e  ground-to-plasma p o t e n t i a l  d i f f e r e n c e  reached severa l  hundred v o l t s ,  each 
o f  t h e  t h r e e  techniques was ab le  t o  comple te ly  d ischarge  t h e  s a t e l l i t e .  The 
comparat ive e f f ec t i veness  o f  t h e  techniques were c l e a r l y  shown on t h i s  day. 
On A p r i l  24, 1979 t h e  s a t e l l i t e  charged t o  -8  kV upon e n t e r i n g  ec l i pse .  The 
e l e c t r o n  gun, e m i t t i n g  1 mA o f  e l e c t r o n s  w i t h  150 eV energy, reduced t h e  
d i f f e rence  i n  p o t e n t i a l  between s a t e l l i t e  ground and t h e  ambient plasma t o  
-1 kV, bu t  could n o t  complete ly  d ischarge  t h e  s a t e l l i t e .  The plasma source 
complete ly  d ischarged t h e  s a t e l l i t e .  

Spacecraft  charg ing  a t  geosynchronous a l t i t u d e  i s  caused by t h e  accumu- 
l a t i o n  o f  nega t i ve  charge due t o  h i gh  energy e l e c t r o n s  ( r e f .  1  ). There- 
f o r e  a method o f  e j e c t i n g  e l e c t r o n s  should be used on s a t e l l i t e s  i n  o r d e r  t o  
d ischarge t h e  spacecraft. There a re  severa l  d i f f e r e n t  techniques o f  e j e c t i n g  
e l e c t r o n s  f rom space veh ic les ,  w i t h  comparat ive advantages and disadvantages 
f o r  each. The use o f  t h e  SC4 payloads on t h e  P78-2 s a t e l l i t e  presented t h e  
o p p o r t u n i t y  t o  compare t h r e e  techniques:  a  heated w i re ,  an e l e c t r o n  gun, and 
a plasma source. 

The heated w i r e  i s  a t t r a c t i v e  as an e l e c t r o n  e m i t t e r  because i t  i s  
s imple,  can be p laced  n e a r l y  anywhere on t h e  spacec ra f t ,  and no h i g h  vo l tages  
a re  requ i red .  The disadvantage o f  t h i s  t y p e  o f  emiss ion dev ice  became 
ev iden t  d u r i n g  i t s  f i r s t  use on t h e  ATS-5 s a t e l l i t e  ( re f .  2). That 
p a r t i c u l a r  u n i t  had n o t  been s p e c i f i c a l l y  designed f o r  t h e  purpose of d i s -  



cha rg ing  t h e  spacec ra f t  b u t  was used f o r  t h a t  purpose on a  number o f  
occasions. When heated and a l lowed t o  em i t  e l e c t r o n s ,  t h e  w i r e  d ischarged 
t h e  spacec ra f t  e i t h e r  complete ly  o r  almost completely.  However, t h i s  was 
sometimes a  t r a n s i e n t '  phenomenon, and i n  t h i s  case t h e  spacecra f t  would 
r e t u r n  t o  a  h i g h l y  charged s t a t e  even though t h e  w i r e  was con t i nuous l y  
heated. Two p o s s i b i l i t i e s  have been proposed f o r  t h i s  sequence o f  events:  
1 )  a l o c a l  space charge b u i l d s  up around t h e  w i r e  c u t t i n g  o f f  e l e c t r o n  f l o w  
f rom t h e  w i r e  t o  t h e  ambient plasma, or 2 )  a  nega t i ve  p o t e n t i a l  w e l l  e x i s t s  
o u t s i d e  t h e  s a t e l l i t e  such t h a t  " e l ec t rons  must be e j e c t e d  a t  s u f f i c i e n t  
energy t o  overcome t h e  p o t e n t i a l  b a r r i e r  su r round ing  t h e  spacecra f t  i n  o rder  
t o  d ischarge  i t  comple te ly "  ( r e f .  2). 

A l though t h e  SC4-2 payload on t he  P78-2 s a t e l l i t e  was in tended p r i -  
m a r i l y  t o  e j e c t  beams o f  i ons  o r  a  plasma o f  i o n s  and e lec t rons ,  t h e  u n i t  
was designed so t h a t  t h e  heated w i r e  n e u t r a l i z e r  cou ld  a l s o  be used as an 
e l e c t r o n  em i t t e r .  A  schematic o f  t h e  n e u t r a l i z e r  c i r c u i t r y  i s  shown i n  
f i g u r e  1. The hea te r  temperature was c o n t r o l l e d  i n  o r d e r  t o  l i m i t  t h e  
e l e c t r o n  emiss ion t o  d i s c r e t e  values from 8 x 1 0 ' ~  A  t o  2 x 1 0 ' ~  A  which cou ld  
be commanded f rom t h e  ground. The b ias on t h e  w i r e  cou ld  be s e t  t o  0, 10, 
25, 100, 500, o r  1000 V ( w i t h  respect  t o  spacecra f t  frame). 

To overcome t h e  l o c a l  space charge problem c rea ted  by a  bare  heated 
f i l a m e n t ,  an e l e c t r o n  emission system u s i n g  a  t r i o d e  e l e c t r o n  gun was a l s o  
f lown on t h e  P78-2 s a t e l l i t e .  F i gu re  2  i s  a  schematic o f  t h i s  system. Th is  
payload, l a b e l e d  SC4-1, was capable o f  e j e c t i n g  e l e c t r o n s  i n  d i s c r e t e  cu r -  
r e n t  s teps  f rom 1 x 1 0 - ~  A t o  l . 3 x l 0 - ~  A ,  w i t h  energ ies  f rom 50 V t o  3x103 V. 
The t r i o d e  gun was a  copy o f  a proven des ign which had been used success- 
f u l l y  on rocke t  f l i g h t s  f o r  over  a  decade ( r e f .  3). 

One o f  t h e  p r imary  concerns i n  the  i n i t i a l  des ign o f  SC4-1 was t h e  
economy o f  power and weight. A g rea t  deal  o f  e f f o r t  was expended i n  o rde r  
t o  produce a  smal l ,  l i g h t w e i g h t  package t h a t  would use o n l y  a  smal l  amount 
o f  power i n  genera t ing  t h e  r e q u i r e d  dynamic range o f  c u r r e n t s  and energies. 
Because o f  t h i s  requirement,  t h e  t r i o d e  gun uses an ox ide-coated cathode. 
Th i s  r e q u i r e s  l i t t l e  power t o  heat t o  thermal  emission, b u t  i s  e a s i l y  
poisoned. I n  t h e  l a b o r a t o r y  i t  was observed t h a t  ex osure t o  oxygen o r  
wa te r  vapor ( p a r t i a l  pressures o f  g rea te r  than  2x1 O-! T o r r )  s e r i o u s l y  
po isoned t h e  cathode i n  t ime  pe r i ods  on t h e  o rde r  o f  minutes. 

The gun was t h e r e f o r e  sent  a l o f t  i n  a c losed  con ta iner .  The con ta ine r  
was n o t  opened u n t i l  t h e  s a t e l l i t e  had been i n  o r b i t  f o r  about a  month t o  
a l l o w  f o r  ou tgass ing  f rom t h e  s a t e l l i t e .  The gun was operated when t h e  
c o n t a i n e r  cap was f i r s t  opened and again four  hours l a t e r  t h a t  day. No 
s i gns  o f  po i son ing  were ev iden t  i n  the f i r s t  days o f  ope ra t i ng  t h e  SC4-1 
pay1 oad. 

One r e s u l t  which had a  ser ious  e f f e c t  on de te rm in ing  ope ra t i on  p lans  
f o r  t h e  p e r i o d  A p r i l  22 t o  24 was t he  u n a n t i c i p a t e d  havoc c rea ted  by t h e  
use of t h e  e l e c t r o n  gun i n  e m i t t i n g  6 mA a t  3  keV d u r i n g  March 30, 1979. 
These r e s u l t s  have been repo r ted  i n  a p rev ious  paper a t  t h i s  conference 
("P78-2 Sate1 1  i t e  and Payload Responses t o  E l e c t r o n  Beam Operat ions on 



March 30, 1979," Cohen e t  a l .  ) Al though i t  would have been u s e f u l  t o  
opera te  t h e  e l e c t r o n  gun over  t h e  f u l l  dynamic range a v a i l a b l e ,  due t o  these  
e f f e c t s  i t  was decided t o  l i m i t  t h e  c u r r e n t  and energy t o  a  maximum o f  1  mA 
a t  0.1 5  keV. 

A plasma source e j e c t s  a  m ix tu re  of p o s i t i v e l y  charged ions ,  e l ec t rons ,  
and neu t ra l s .  Such a  source had been q u i t e  s u c c e s s f u l l y  used on t h e  ATS-6 
s a t e l l i t e  t o  d ischarge t h e  spacecra f t  ( r e f .  2). F i gu re  3  i s  a  schematic of 
t h e  SC4-2 payload con f i gu red  as a  plasma source. I n  a d d i t i o n  t o  t h e  e l e c -  
t r o n  c u r r e n t s  p r e v i o u s l y  mentioned f o r  he hea te r ,  SC4-2 was designed t o  
e j e c t  i o n  cu r ren t s  o f  3 x 1 0 - ~  A t o  2x10-$ A, w i t h  energ ies  o f  1  and 2  keV. 
Ion,  e l e c t r o n ,  and n e t  c u r r e n t s  f l o w i n g  f rom t h e  SC4-2 cou ld  be independent l y  
v a r i e d  and measured. The o r i g i n a l  bas i s  f o r  u s i n g  t h e  plasma source was 
t h a t  i t  was expected t o  a c t  l i k e  a  low impedance connect ion f rom t h e  spa'ce- 
c r a f t  t o  t h e  plasma, a l l o w i n g  a  f l o w  o f  e i t h e r  e l e c t r o n s  o r  ions ,  as 
requi red.  Because t h e  plasma con ta ins  a lmost  equal numbers o f  i o n s  and 
e lec t rons ,  i t  i s  bo th  impervious t o  any e l e c t r i c a l  p o t e n t i a l  b a r r i e r s  around 
t h e  spacecraf t ,  and i s  no t  l i m i t e d  by space charge r e s t r a i n t s  i n  t h e  beam 
i t s e l f .  

The d i f f e r e n t  d ischarge  systems were used on t h e  same s a t e l l i t e  f o r  
t h e  f i r s t  t ime  i n  A p r i l  1979, when t h e  s a t e l l i t e  was charged t o  an average 
p o t e n t i a l  o f  -380 V d u r i n g  an e c l i p s e  per iod .  As shown i n  t a b l e  1, 10 P A 
o f  e l e c t r o n s  em i t t ed  a t  e i t h e r  50 o r  150 eV f rom SC4-1 reduced t h e  p o t e n t i a l  
t o  -170 V b u t  d i d  n o t  complete ly  d ischarge  t h e  spacecraft .  R a i s i n g  t h e  
e j e c t e d  cu r ren t  t o  100 P A  complete ly  d ischarged t h e  spacecra f t  when 50 eV 
e l e c t r o n s  were used, and even drove t h e  spacec ra f t  s l i g h t l y  p o s i t i v e  when 
t h e  energy o f  t h e  e j e c t e d  e l e c t r o n s  was i nc reased  t o  150 eV. 

The e l e c t r o n  gun (SC4-1) was t u rned  o f f  and t h e  heated w i r e  n e u t r a l i z e r  
on SC4-2 was s ta r ted .  Currents  o f  8, 20, 300, and 1000 I.I A  were used w i t h  
a  b i a s  o f  -10 V ( w i t h  respect  t o  spacec ra f t  frame). As shown i n  t a b l e  2, 
t h e r e  was no s u b s t a n t i a l  decrease i n  spacecra f t  charg ing  when e l e c t r o n s  were 
e j e c t e d  w i t h  t h i s  energy. But when 100 eV e l e c t r o n s  were used, t h e  change 
i n  spacec ra f t  charg ing  depended mono ton i ca l l y  on t h e  c u r r e n t  e jected.  The 
plasma source was now tu rned  on, combining t h e  e j e c t e d  e l e c t r o n s  w i t h  
e n e r g e t i c  ions. Prev ious ly ,  1  mA o f  10 eV e l e c t r o n s  had l i t t l e  e f f e c t  
on d i scha rg ing  t h e  s a t e l l i t e ;  however, t hese  e lec t rons ,  when combined w i t h  
t h e  1  mA o f  1  keV p o s i t i v e  xenon ions ,  comple te ly  d i  charged t h e  s a t e l l i t e .  
Reducing b o t h  t h e  i o n  and e l e c t r o n  c u r r e n t s  t o  3x10-a A  kep t  t h e  spacec ra f t  
comple te ly  discharged d u r i n g  t h e  plasma use. 

The v e h i c l e  charged t o  -8 kV d u r i n g  t h e  e c l i p s e  p e r i o d  o f  A p r i l  24, 1979. 
E l e c t r o n s  o f  50 eV (e j ec ted  from SC4-1) had t h e  e f f e c t  o f  reduc ing  t h e  
v e h i c l e  p o t e n t i a l  f rom -8 kV t o  -3 kV, independent o f  t h e  c u r r e n t  used (10, 
100, o r  1000 p A). I nc reas ing  t h e  energy of t h e  e l e c t r o n s  t o  150 V had 
t h e  e f f e c t  o f  reduc ing  t h e  v e h i c l e  cha rg ing  w i t h  h i g h e r  c u r r e n t s  ( t h e  
v e h i c l e  remained near -2 kV w i t h  respect  t o  t h e  plasma). Us ing  t h e  plasma 
source, w i t h  e l e c t r o n  e j e c t i o n  on t h e  o r d e r  of 1 mA, comple te ly  d ischarged 
t h e  spacecraf t  frame, even w i t h  a  p o s i t i v e  i o n  e j e c t i o n  as low as 100 P A .  



What i s  impo r tan t  here i s  t h a t  t h e  veh i c l e  d i d  n o t  swing s i g n i f i c a n t l y  
p o s i t i v e  when t h i s  l a r g e  e l e c t r o n  cu r ren t  (combined w i t h  a  smal l  f l o w  o f  
p o s i t i v e  i o n s )  was used. 

The conc lus ion  t h a t  can be drawn f rom these  ope ra t i ons  i s  t h a t  a  plasma 
source represen ts  t h e  bes t  way of d i scha rg ing  spacec ra f t  i n  geosynchronous 
o r b i t .  
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TABLE 1 

Discharge o f  Spacecraft Using SC4-1 A p r i l  22, 1979 

Emit ted E l e c t r o n  Veh ic le  
Current Energy P o t e n t i a l  

SC4-1 Mode I b  Eb Vsc 
# (mA) ( v o l t s )  (102 v o l t s )  

.01 50 -170 2 20 

.01 150 -170 2 20 

.1 50 10 ( Vsc < 50 

.1 150 10 (Vsc ( 1 5 0  

(Average Spacecraft Po ten t ia l  was 380 v o l t s  j u s t  before 
and immediately a f t e r  SC4-1 operat ion. )  



TABLE 2 

N e u t r a l i z e r  Fi lament Discharge o f  P78-2 ( A p r i l  22,  1979) 

Fi lament Bias F i  1 ament Bias 
I F  EFE = -10 V EF = 100 V 

(mA ) 

0.008 0.37 0.3 
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