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ABSTRACT 

On March 30, 1979 an e l e c t r o n  gun was operated on t h e  P78-2 
S a t e l l i t e .  The gun was operated on the  s a t e l l i t e  before t h e  s a t e l l i t e  
entered e c l i p s e  and dur ing  t h e  t ime o f  ec l ipse .  The ranges o f  e j e c t e d  
e l e c t r o n  cur ren ts  and energies were from 0.1 mA t o  13 mA, and 0.3 keV t o  
3  keV. Spacecraft frame, and surfaces on the  spacecraft ,  went p o s i t i v e  
w i t h  respect t o  p o i n t s  50 meters from t h e  s a t e l l i t e  when t h e  gun was 
operated. Depending on e j e c t e d  e lec t ron  cur ren ts  and energies, spacecraf t  
frame-to-ambient-plasma p o t e n t i a l  d i f fe rences between several  v o l t s  and 
3  kV were generated. Simultaneously, 1  ower p o t e n t i a l  d i f f e rences  were 
c rea ted between t h e  s a t e l l i t e  and a  p o i n t  3  meters from t h e  s a t e l l i t e .  
Sample sur face p o t e n t i a l  s  were measured dur ing  gun operat ions. When t h e  
e lec t ron  gun was tu rned o f f ,  t he  veh ic le  frame swung sharply  negat ive. 

A rc ing  was detected by pu lse  monitors i n  several e l e c t r o n  beam modes 
o f  operat ion. The e j e c t i o n  o f  a  beam o f  6 mA o f  3  keV e lec t rons  caused 
th ree  d i s t i n c t  payload f a i l u r e s  and created a  t r a n s i e n t  problem i n  t h e  
te lemetry system. An attempt has been made t o  determine t h e  exact t ime, 
nature, and cause o f  these f a i l u r e s ;  a  s p e c i f i c  e f f o r t  has been made t o  
i d e n t i f y  which components f a i l e d  and why they f a i l e d .  A n a l y t i c a l  and 
modeling techniques have been used t o  examine poss ib le  spacecraf t  and pay- 
load responses t o  t h e  e lec t ron  beam e j e c t i o n  which might have con t r i bu ted  
t o  the  a rc ing  and payload f a i l u r e s .  
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INTRODUCTION 

On March 30, 1979, t h e  SC4-1 payload ( e l e c t r o n  gun) on t h e  P78-2 s a t e l -  
l i t e  was operated f o r  t h e  f i r s t  t ime  t o  e j e c t  beams o f  e n e r g e t i c  e l e c t r o n s  
f rom t h e  spacecraf t .  A wide dynamic range o f  e l e c t r o n  c u r r e n t s  and energ ies  
was a v a i l a b l e  and was used t o  charge t h e  spacecra f t  frame p o s i t i v e  w i t h  res -  
pec t  t o  ambient plasma. The use. o f  SC4-1 caused a number o f  i n t e r e s t i n g  
s c i e n t i f i c  and eng ineer ing  r e s u l t s .  Some o f  these r e s u l t s  were unexpected 
and some n o t  only unexpected bu t  q u i t e  undesi.rable. I n  t h i s  l a t t e r  c l a s s  a r e  
t h e  f a i l u r e  o f  two ins t ruments  and a momentary i n t e r r u p t i o n  o f  t h e  normal 
t e l eme t r y  stream caused by t h e  e j e c t i o n  o f  6 mA o f  3 keV e lec t rons .  

The f i r s t  h a l f  o f  t h i s  paper w i l l  r e p o r t  on t h e  o p e r a t i n g  modes o f  t h e  
SC4-1 payload, t he  r e s u l t a n t  charg ing  o f  spacecra f t  frame and sample m a t e r i a l s  
on t h e  spacecraf t  e x t e r i o r  and t r a n s i e n t  pu lses recorded. The second h a l f  
o f  t h i s  paper w i l l  p resen t  a  d e t a i l e d  eng ineer ing  a n a l y s i s  o f  t h e  i ns t rumen t  
f a i l u r e s  and o f  t h e  t e l eme t r y  i n t e r r u p t i o n ,  and a summary o f  t h e  i n v e s t i g a t i o n  
i n t o  p o s s i b l e  causes o f  these problems. As can be seen by t h e  l i s t  o f  
coauthors,  t h i s  paper i s  t h e  r e s u l t  o f  c o n t r i b u t i o n s  and coopera t ion  by a 
l a r g e  number o f  i n d i v i d u a l s .  Th is  paper r e p o r t s  t h e  r e s u l t s  f r om t h e  i n i t i a l  
i n v e s t i g a t i o n ;  f u r t h e r  conc lus ions  w i  11 be pub l i shed  i n  l a t e r  r epo r t s .  

INSTRUMENT PLACEMENT 

The P78-2 payloads t o  be d iscussed and t h e i r  p o s i t i o n s  on t h e  spacec ra f t  
a re  l i s t e d  i n  t ab les  1 and 2 and a r e  shown schema t i ca l l y  i n  f i g u r e s  1 and 2. 
For a  more complete d e s c r i p t i o n  o f  t h e  payloads and t h e  P78-2 spacec ra f t ,  see 
re fe rence  1. 

P a r t  o f  the a n a l y s i s  o f  t h e  events  o f  pass. 89.4 r e q u i r e s  a knowledge o f  
t h e  d i r e c t i o n s  o f  t h e  ins t ruments ,  de f i ned  as " look-angles"  re1  a t i  ve t o  
t h e  Space Vehic le  R e l a t i v e  Coord inates (SVRC). The SVRC a r e  d e f i n e d  
such t h a t  t h e  forward Omni antenna i s  t h e  +X a x i s  and t h e  SC-11 boom i s  
t h e  - Y  a x i s  ( f i g u r e  1 ) .  The " look-angles"  a r e  t h e  two r o t a t i o n s  necessary 
t o  a l i g n  t h e  + Z  a x i s  o f  t h e  SVRC t o  t h e  ins t rument  L ine-Of -S igh t  (LOS). 

r o t a t i o n  about t h e  +X a x i s  ( p o s i t i v e  angles 
towards -Y), and Beta, a  r o t a t i o n  about 

i v e  angles be ing  a displacement f rom + Z t o w a r d s  
de f i ned  r e l a t i v e  t o  t h e  +Z ax is .  (Note: I n  
a  boom i s  de f i ned  by t h e  a x i s  o f  t h e  boom, n o t  
\ 

The r o t a t i o n s  are: Alpha, a  
be ing  a displacement f rom + Z  
t h e  d i sp laced  +Y a x i s  ( p o s i t  
+X). Both " look-angles" a r e  
t a b l e  2, t h e  " look-angle"  o f  
by an inst rument  on t h e  boom 



OPERATIONS SUMMARY 

Real t ime operat ions f o r  t h i s  pass s t a r t e d  a t  Un iversa l  Time (UT) 52971 
seconds and stopped a t  UT 57594 seconds. Table 3  and f i g u r e  3  o u t l i n e  t h e  
operat ions o f  SC4-1 f o r  t h i s  t ime  period. A t  t he  beginning o f  operat ions 
t h e  spacecraf t  was a t  31,000 k i lometers a l t i t u d e ,  -7.5 degrees l a t i t u d e ,  
116 degrees longi tude.  A t  t he  end o f  operat ions t h e  spacecraf t  was a t  
33,000 k i lometers,  -7.7 degrees l a t i t u d e ,  119.8 degrees longi tude.  (A 
d e t a i l e d  summary o f  t he  magnetospheric environment f o r  t h i s  pass i s  inc luded 
as Appendix 1  .) Payload commanding s t a r t e d  a f t e r  t h e  t r a n s m i t t e r  was tu rned 
on and housekeeping i n s t r u c t i o n s  were given. A b lock command was given 
t u r n i n g  o f f  most o f  t h e  payloads p r i o r  t o  any SC4 operat ions. (This  i s  nor- 
mal sa fe ty  opera t ing  procedure.) The SC2-1 and SC2-2 probes were then tu rned 
back on and the  100 kohm shunt which connected t h e  ou ter  sur face o f  t h e  SC2 
probe t o  spacecraf t  frame was disconnected . 

Commands i n i t i a l i z i n g  SC4-1 were then sent. These i n i t i a l i z a t i o n  com- 
mands se t  t h e  s t a t e  f o r  SC4-1 operat ions but  do no t  t u r n  SC4-1 power on. 
The power t o  SC4-1 was turned on and two-and-one-half minutes l a t e r  t h e  
e l e c t r o n  beam was tu rned on. A t  t h i s  t ime t h e  cap t o  t h e  e l e c t r o n  gun was 
s t i l l  i n  p lace and no e lec t rons  were e jected.  The beam i n s i d e  t h e  c losed 
tube was continuous (0.1 mA o f  0.3 keV e lec t rons) .  S C l ,  t h e  SC2 probes, 
SC10, SC11, ML12, and the  Transient  Pulse Moni tor  (TPM) were operat ing,  
w h i l e  t he  power t o  a l l  t he  o ther  payloads was kept  o f f .  The SC4-1 opera t ing  
cond i t i on  w i t h  cap c losed and beam on was maintained f o r  t e n  minutes. 
No changes i n  t he  opera t ing  cond i t ions  o f  any o f  t h e  payloads t h a t  were on 
were noted i n  t h i s  t ime per iod.  

A t  UT 54082 seconds t h e  command was given t o  remove t h e  cap from t h e  
SC4-1 e l e c t r o n  tube. Although t h e  microswitch cap p o s i t i o n  moni tor  d i d  no t  
show cap opening, t h e  cap cu r ren t  monitor showed t h a t  t h e  cap had been 
removed. Resul ts  f rom ML12-7, t h e  SC2 probes, and S C l O  showed t h a t  t h e  cap 
had been opened and t h a t  e lec t rons  were being e jec ted  from SC4-1. 

The energy o f  t h e  e j e c t e d  e lec t rons  was then increased from 0.3 keV t o  
1.5 keV and t h e  beam cu r ren t  was increased from 0.1 mA t o  1.0 mA. A t  54509 
seconds, a  command was given t o  change the  e l e c t r o n  emission from continuous 
t o  pulsed. A l l  o f  t h e  appropr ia te  monitors i nd i ca ted  t h a t  t h e  command was 
received and a  pulsed beam was being e jec ted  from SC4-1. E lec t rons  
were e jec ted  i n  3.9 mS pulses a t  a  r a t e  o f  16 pulses per  second. The 
e jec ted  e l e c t r o n  energy was then lowered t o  0.5 keV and t h e  command was 
sent t o  r e t u r n  t h e  beam t o  a  continuous mode. This command was received 
and success fu l l y  executed. The beam remained continuous from t h i s  t ime 
u n t i l  t h e  end o f  t h e  pass. 

The beam cu r ren t  was then increased from 1.0 mA t o  6.0 mA. The e jec ted  
e l e c t r o n  energy was increased t o  3.0 keV a t  UT 54728 seconds. It was du r ing  
t h i s  mode (6.0 mA o f  3.0 keV e lec t rons)  t h a t  i d e n t i f i a b l e  problems o f  pay- 
1  oad and te lemet ry  ope ra t i  on occurred. These problems i n c l  uded : damage t o  
t h e  SC2-1 and SC2-2 probes, i n t e r r u p t i o n  of t h e  te lemetry,  sw i t ch ing  t h e  



S C l l  wideband te lemet ry  s i g n a l  l i n e  f i l t e r  from 1 Her tz  t o  5  Her tz ,  and 
t h e  e l i m i n a t i o n  o f  t h e  SC4-1 pu lsed  mode. 

The SC2-1 probe f a i l e d  between UT 54728 and UT 54730 seconds and t h e  
SC2-2 probe f a i l e d  between UT 54758 and UT 54759. The t e l e m e t r y  i n t e r -  
r u p t i o n  s t a r t e d  a t  UT 54736 and l a s t e d  f o r  14 seconds. A  s w i t c h  i n  t h e  
S C l l  f i l t e r  occurred between UT 54720 and UT 54840 seconds. 

SC4-1 was commanded ou t  o f  t h i s  3.0 keV, 6.0 mA mode a t  UT 54809, when 
t h e  energy o f  the e j e c t e d  e l e c t r o n s  was lowered t o  1.5 keV. A t  UT 54820 
t h e  e j e c t e d  cu r ren t  was inc reased  by command t o  13.0 mA. 

The SC4-1 pu lse mode command was g iven a t  54882. The s t a t e  mon i t o r  
i n d i c a t e d  t h a t  t h e  command had been rece ived  b u t  t h e  c u r r e n t  remained con- 
t inuous.  Several a t tempts were made d u r i n g  t h i s  pass (and subsequent 
passes) t o  p u t  SC4-1 i n t o  t h e  pu lsed  mode: a l l  a t tempts have been unsuccess- 
f u l .  

There were no o the r  d i f f i c u l t i e s  w i t h  SC4-1 d u r i n g  pass 89.4. A l l  com- 
mands were rece ived and opera ted  on. There were no s igns  o f  po i son ing  o f  
t h e  SC4-1 cathode. SC4-1 was then  commanded through a  number of d i f f e r e n t  
c u r r e n t  and energy modes u n t i l  i t  was t u rned  comple te ly  o f f  a t  UT 57109. 
Real t ime  da ta  a c q u i s i t i o n  f o r  a l l  t h e  payloads was i n t e r r u p t e d  d u r i n g  an 
antenna sw i t ch  (by command) i n  t h e  p e r i o d  UT 55728 t o  UT 55771. 

The spacecra f t  en te red  penumbral e c l i p s e  a t  UT 56004 ( t o t a l  e c l i p s e  
a t  UT 56135) and e x i t e d  t o t a l  e c l i p s e  a t  UT 59664 (penumbral e c l i p s e  a t  
UT 59832): SC4-1 was o p e r a t i n g  when P78-2 en te red  penumbral e c l i p s e  and was 
t u rned  o f f  before P78-2 e x i t e d  ec l i pse .  

I n  a d d i t i o n  t o  t hose  payloads t u rned  on p r i o r  t o  t h e  s t a r t  o f  SC4-1 
opera t ions ,  the  Rapid-Scan P a r t i c l e  Analyzer  (SC5) was operated f o r  two 
s h o r t  per iods  du r i ng  SC4-1 opera t ions .  A f t e r  SC4-1 was t u rned  o f f  ( j u s t  
p r i o r  t o  t h e  end o f  t h i s  pass)  a l l  t h e  payloads were t u rned  back on t o  
t h e i  r normal ope ra t i ng  s ta tes .  

VEHICLE POTENTIAL MEASUREMENTS 

P r i o r  t o  pass 89.4, t h e  SC4-2 payload had been used t o  e j e c t  e l e c t r o n s  
and ions,  bo th  separa te ly  and toge ther .  Dur ing  these  ope ra t i ons  a  number 
o f  ins t ruments  had been used t o  determine t h e  va lue o f  t h e  s a t e l l i t e - f r a m e -  
to-plasma p o t e n t i a l  d i f f e r e n c e  (Vsc) . These ins t ruments  i nc l uded  p a r t i c l e  
analyzers ,  (SC5 and SC9), and h i g h  impedance d i f f e r e n t i a l  vo l t age  measure- 
ments (SC2-1, SC2-2, and SC10). 

Due t o  t h e  danger o f  f l o o d i n g  t h e  e l e c t r o s t a t i c  channe l t rons  w i t h  
ene rge t i c  e lec t rons ,  SC9 was n o t  operated d u r i n g  t h e  SC4-1 o p e r a t i n g  pe r i ods  
on pass 89.4. SC5 was used f o r  l i m i t e d  t ime pe r i ods  d u r i n g  t h e  l a t e r  stages 
o f  t h i s  pass. The r e s u l t s  and importance of t h e  SC2 measurements ( t h e  



d i f f e rence  i n  p o t e n t i a l  between spheres t h r e e  meters from t h e  s a t e l l i t e  and 
spacecraf t  frame) w i l l  be presented i n  d e t a i l  i n  a  l a t e r  sect ion. 

For t h i s  pass t h e  data from the S C l O  measurements were used as t h e  
pr imary source o f  in fo rmat ion  concerning t h e  e f f e c t s  o f  e lec t ron  e j e c t i o n  
on t h e  s a t e l l i t e  frame p o t e n t i a l ,  Vsc. The p a r t i c u l a r  SClO measurement used 
was t h e  value of t he  d i f ference i n  p o t e n t i a l  (V10) between an e l e c t r i c a l l y  
f l o a t i n g ,  conduct ing c y l i n d e r  and spacecraft  frame. The c y l i n d e r  (20 meters 
long and 114-inch i n  diameter) i s  separated from t h e  spacecraf t  by 'a kapton- 
covered 1/4- inch diameter c y l i n d e r  30 meters i n  length. The two c y l i n d e r s  
comprise a  50 meter boom (SC10-3). (A s i m i l a r  boom i s  a l so  extended on the  
o the r  s ide  o f  t h e  s a t e l l i t e . )  It i s  assumed t h a t  du r ing  SC4-1 operat ions 
Vsc = -V10. Some cor robora t ion  f o r  t h i s  assumption i s  seen i n  t a b l e  4  where 
t h e  values f o r  Vsc deduced from SC5 and S C l O  measurements are compared. It 
i s  emphasized t h a t  these are  two d i s t i n c t l y  d i f f e r e n t  types o f  measurements 
o f  spacecraf t  frame p o t e n t i a l .  V lO(t )  , t h e  measured S C l O  value as a  
f u n c t i o n  o f  t ime f o r  t h e  e n t i r e  pass 89.4, i s  shown i n  f i g u r e  4. Values 
o f  Vsc f o r  each o f  t he  SC4-1 modes are l i s t e d  i n  t a b l e  4. The values 
g iven a re  t h e  maximum measured voltages f o r  t h e  g iven t ime  periods. The 
maximum values show t h e  best correspondence between s u n l i g h t  values (which 
show sp in  modulat ions) and e c l i p s e  values (which do not) .  

Three aspects o f  t h e  response o f  Vsc and V10 t o  e l e c t r o n  beam energy, 
Eb, and e l e c t r o n  beam cur ren t ,  I b ,  w i l l  be s i n g l e d  out f o r  a t ten t i on :  
Vsc (0,0), values o f  t he  spacecraf t  frame p o t e n t i a l  before and a f t e r  
SC4-1 operat ions when the re  was no e lec t ron  e j e c t i o n ;  Vsc (Ib,Eb), space- 
c r a f t  frame p o t e n t i a l  as a  f u n c t i o n  o f  e jec ted  e l e c t r o n  cur ren t  and 
energy; and V10 (Ib,Eb,t), t he  l eve l s  o f  o s c i l l a t i o n s  o f  the  measured 
p o t e n t i a l  d i f f e r e n c e  between the  f l o a t i n g  S C l O  c y l i n d e r  and spacecraf t  
frame. 

F igure  5  shows t h e  p e r i o d  UT 53000 t o  UT 54080 which covers th ree  
d i f f e r e n t  SC4-1 modes: 

(1 ) SC4-1 had not  y e t  been star ted;  

(2) The power processor o f  SC4-1 had been s t a r t e d  but no e lec t rons  
were emi t ted  from t h e  SC4-1 cathode; and 

( 3 )  0.1 rnA o f  0.3 keV elect rons l e f t  t h e  SC4-1 cathode but d i d  no t  
leave t h e  payload because t h e  cap t o  SC4-1 had not  y e t  been removed. 

The character  o f  V lO( t )  remains unchanged f o r  these th ree  modes. 
There i s  an o s c i l l a t i o n  o f  V10 w i t h  a  peak negat ive value o f  -5.8 v o l t s  
when t h e  S C l O  boom s o l a r  angle i s  near zero and 180 degrees. (The boom s o l a r  
angle i s  t he  angle between t h e  boom ax i s  and t h e  sun l i n e ,  a  vector  
p o i n t i n g  from t h e  s a t e l l i t e  t o  t h e  center o f  t h e  sun.) When the  cap t o  
SC4-1 was removed, a t  54082, 0.1 mA o f  0.3 keV e lec t rons  were e jec ted  and 
Vsc q u i c k l y  swung p o s i t i v e  t o  a  value exceeding 200 V. A f t e r  t h i s ,  
Vsc responded q u i c k l y  t o  changes i n  e jec ted  e l e c t r o n  cur ren ts  ( I b )  and 
energies (Eb) . 



Table 5 shows t h a t  t h e  c u r r e n t  r e q u i r e d  t o  swing Vsc t o  a  s i g n i f i c a n t  
f r a c t i o n  o f  the beam energy l i e s  between 10 and 100 P A :  more c u r r e n t  i s  
r e q u i r e d  when the s a t e l l i t e  i s  i n  s u n l i g h t  than  when i t  i s  i n  ec l i pse .  

The re  i s  a s a t u r a t i o n  e f f e c t  u s i n g  t h e  1.5 keV e lec t rons .  The maximum 
v e h i c l e  p o t e n t i a l  i s  ob ta ined  when t h e  e j e c t e d  c u r r e n t  l i e s  between 1 and 
6  mA and decreases when t h e  e j e c t e d  c u r r e n t  i s  inc reased  above 6  mA. The 
o s c i l l a t i o n s  i n  V10 values cease when t h e  v e h i c l e  i s  i n  e c l i p s e  as shown 
i n  f i g u r e  6. 

Be fo re  e l ec t ron  e j e c t i o n  Vsc was s l i g h t l y  p o s i t i v e ,  o f  t h e  o rde r  of 
6  V. When t he  e l e c t r o n  e j e c t i o n  was stopped (modes 20, 21, and 23) 
Vsc was f i r s t  near zero and then  s l i g h t l y  negat ive.  When SC4-1 was f i n a l l y  
t u rned  o f f  f o r  t h i s  pass, Vsc went t o  minus 360 V and s l ow l y  decayed 
toward zero, as i s  p a r t i a l l y  shown i n  f i g u r e  7. This phenomenon o f  
nega t i ve  veh i c l e  p o t e n t i a l s  induced by t e r m i n a t i n g  e l e c t r o n  e j e c t i o n  has 
s i nce  been repeated. 

SURFACE POTENTIAL MONITOR MEASUREMENTS 

I t has been suggested t h a t  e l e c t r o n  e m i t t e r s  be used on s a t e l l i t e s  t o  
c o n t r o l  spacecra f t  charging. This pass a l lowed us t h e  o p p o r t u n i t y  t o  s tudy  
t h e  e f f e c t s  o f  e l e c t r o n  emiss ion on m a t e r i a l s  t y p i c a l l y  used on spacecra f t .  
Also, i n  t h e  attempts t o  determine t h e  causes o f  t h e  a r c i n g  and inst rumen-  
t a t i o n  f a i l u r e s  d u r i n g  t h e  ope ra t i on  o f  SC4-1, con jec tu res  a re  con t i nuous l y  
made about t he  p o t e n t i a l s  o f  t h e  P78-2 sur faces.  Ac tua l  measured poten- 
t i a l s  o f  r ep resen ta t i ve  sample sur faces  can be used t o  t e s t  va r ious  hypo- 
theses. Surface p o t e n t i a l s  and c u r r e n t s  th rough t h e  samples were measured 
f o r  va r ious  ma te r i a l s  d u r i n g  t h i s  pass. What w i l l  be d iscussed here a r e  
values o f  t h e  p o t e n t i a l  ( i V j )  o f  t h e  f r o n t  su r f ace  o f  each sample w i t h  
respec t  t o  spacecraf t  frame. The back su r f ace  vo l t age  o f  each sample was 
measured us ing  an e l e c t r o s t a t i c  dev ice  and i V j  was determined on t h e  b a s i s  
of p re - launch  l abo ra to r y  ca l  i b r a t i o n s .  

Values have been determined f o r  t h e  p o t e n t i  a1 s  generated by SC4-1 
ope ra t i ons  as measured on an o p t i c a l  s o l a r  r e f l e c t o r  (1V3), a  f l o a t i n g  con- 
d u c t i n g  band (2V4), and samples of a lumin ized  kapton (1V1 and 2V2). The 
values of i V j  depended on sample m a t e r i a l ,  s i z e  and p o s i t i o n  on t h e  space- 
c r a f t .  The f l o a t i n g  re fe rence  band (2V4) t r a c k e d  t h e  p o t e n t i a l  o f  t h e  space- 
c r a f t  frame: 

f o r  Vsc > 0.2 kV. For t h e  o t h e r  ma te r i a l s ,  i V j  remained low u n t i l  t h e  
v e h i c l e  became h i g h l y  p o s i t i v e l y  charged. Fo r  t h e  a lumin ized  kapton 
samples, i V j  depended on bo th  t h e  p o s i t i o n  and on t h e  s i z e  of t h e  samples. 
Large va lues o f  i V j  were reached by samples on t h e  e q u a t o r i a l  band of t h e  



s a t e l l i t e  w i t h  t h e  l a r g e s t  values occu r r i ng  on t h e  l a r g e s t  sample, 
2V2 (up t o  a  maximum o f  -1334 V). 

As mentioned p rev ious l y ,  SC4-1 e j e c t e d  6  rnA o f  3  keV e l e c t r o n s  du r i ng  
mode 11, caus ing problems f o r  t h e  SC2 payloads and t h e  spacecra f t  te lemet ry .  
Table 6  l i s t s  values o f  t h e  f r o n t  sur face p o t e n t i a l  o f  severa l  sample 
m a t e r i a l s  d u r i n g  t h i s  mode. These values should be used as a  gu ide i n  
ass ign ing  values t o  spacec ra f t  and boom sur face  p o t e n t i a l s  i n  a t tempts  t o  
model p a r t i c l e  t r a j e c t o r i e s  o r  surface behavior  d u r i n g  t h i s  mode. (Kapton 
was used on t h e  booms; t h e  p o t e n t i a l  o f  t h e  s o l a r  c e l l s ,  which comprise 
t h e  major  areas o f  t h e  spacec ra f t ,  was probably  c l ose  t o  t h a t  o f  t h e  
sample o p t i c a l  s o l a r  r e f l e c t i n g  samples; and t h e  f l o a t i n g  p o t e n t i a l  o f  t h e  
conduc t ing  re fe rence  band i s  c l o s e  t o  t h e  f l o a t i n g  p o t e n t i a l  o f  t h e  SC2 
sphere.) As shown i n  t a b l e  6, t h e  p o t e n t i a l s  o f  t h e  samples d u r i n g  t h i s  
mode, a l though nega t i ve  w i t h  respect t o  spacecra f t  frame, were always 
p o s i t i v e  w i t h  respect  t o  t h e  ambient plasma. F igures 8  and 9 show t h a t  
t h e r e  were sudden s h i f t s  i n  t h e  cu r ren t  through one sample and a l s o  a  
sudden s h i f t  i n  t h e  f r o n t  su r f ace  p o t e n t i a l  o f  another  sample, c o i n c i d i n g  
w i t h  t h e  f a i l u r e s  o f  t h e  SC2 spheres and t h e  t e l eme t r y  i n t e r r u p t i o n .  
Th is  i n d i c a t e s  a r c i n g  o r  a  response t o  a r c i n g  a t  these  samples. 

Wi th  t h e  spacecra f t  i n  ec l i pse ,  measured values o f  i V j  f o r  t h e  
a lumin ized  kapton samples showed t h a t  t h e  f r o n t  su r faces  o f  these  samples 
were charged nega t i ve l y ,  n o t  o n l y  w i t h  respect  t o  spacec ra f t  frame, bu t  
sometimes even w i t h  respec t  t o  t h e  ambient plasma. 

PULSES 

Two separate payloads were devoted t o  pu l se  d e t e c t i o n  on t h e  P78-2 
s a t e l l i t e .  A d e s c r i p t i o n  o f  sensors, p o s i t i o n s ,  and c h a r a c t e r i s t i c s  
measured i s  g iven i n  t a b l e  7. 

With t h e  excep t ion  o f  changes due t o  v e h i c l e  command r e l a t e d  pu lses,  
t h e r e  was no inc rease  i n  count  r a t e  o r  ampl i tude o f  de tec ted  pu lses  when 
SC4-1 was f i r s t  t u rned  on o r  when a  beam was generated b u t  kep t  i n  t h e  c losed  
tube. When t h e  cap t o  SC4-1 was removed and a  beam o f  0.1 mA a t  0.3 kev 
e l e c t r o n s  was e jec ted ,  t h e r e  aga in  was no change i n  p u l s e  r a t e  o r  ampl i tude. 

When h i g h  energy e l e c t r o n s  o r  h i gh  cu r ren t s  were e jec ted ,  t h e  r a t e  
and ampl i tude o f  de tec ted  pu lses  increased s i g n i f i c a n t l y .  Table 8  shows 
t h a t  t h e r e  was agreement between the  TPM and SC1-8B measurements and t h a t  
t h e r e  was a  monotonic i nc rease  i n  the  pu l se  r a t e  w i t h  c u r r e n t  when 3.0 keV 
e l e c t r o n s  were e jec ted .  The 1.5 keV e l e c t r o n s  d i d  n o t  l e a d  t o  a  s i g n i -  
f i c a n t  inc rease  i n  pu l se  r a t e  u n t i l  a  c u r r e n t  o f  13 mA was used. Even a t  
a  l a r g e  cu r ren t ,  t h e  pu l se  ampl i tude d i s t r i b u t i o n  caused by 13 mA o f  e l ec -  
t r o n s  a t  1.5 keV was s i g n i f i c a n t l y  lower  than  t h a t  caused by t h e  lower  
c u r r e n t  o f  6 mA o f  e l e c t r o n s  a t  3.0 keV (F igures  10 and 11). 

Typ ica l  pu l se  shapes on each o f  t h e  SC1-8B pu l se  sensors a r e  shown i n  



F i g u r e s  12-15. The p u l s e s  on t h e  same sensor  t e n d  t o  have t h e  same shape. 
T h i s  may suggest  t h a t  t h e  l a r g e r  d i s c h a r g e s  a r e  o c c u r r i n g  a t  t h e  same 
p o i n t  on t h e  v e h i c l e .  Pu lses  o f  d i f f e r i n g  shapes a r e  seen o f t e n  enough t o  
r u l e  o u t  an  i n s t r u m e n t a l  e f f e c t  on t h e  shapes. From t h e  r e s u l t s  o f  b o t h  
t h e  s u r f a c e  p o t e n t i a l  and p u l s e  measurements, t h e  c r i t i c a l  p o t e n t i a l  on 
s p a c e c r a f t  frame f o r  t h e  c r e a t i o n  o f  d i f f e r e n t i a l  c h a r g i n g  e f f e c t s  on t h e  
P78-2 s a t e l l i t e  i s  between 1.5 and 3.0 kV. 

SC2-1 AND SC2-2 MEASUREMENTS AND FAILURE 

Each SC2 probe c o n s i s t s  o f  a  s h o r t  boom s e c t i o n  (2.54 cm d iamete r ,  38 cm 
l o n g ) ,  a  17.8 cm sphere  and a  shadow s t u b  (2.54 cm d iamete r ,  25 cm l o n g ) .  
These t h r e e  s e c t i o n s  a r e  e l e c t r i c a l l y  i s o l a t e d  f r o m  each o t h e r  and a r e  a1 1  
c o a t e d  w i t h  c o l l o i d a l  g r a p h i t e  (Aquadag). As shown i n  f i g u r e  16, each p robe  
i s  a t t a c h e d  t o ,  b u t  e l e c t r i c a l l y  i s o l a t e d  f rom, t h e  end o f  a  2.52 m e t e r  space- 
c r a f t  boom. The d i s t a n c e  between t h e  s p a c e c r a f t  and t h e  c e n t e r  o f  t h e  sphere  
i s  3  meters .  

The d i f f e r e n c e  between t h e  f l o a t i n g  p o t e n t i a l  o f  each sphere  and t h e  
s p a c e c r a f t  frame was made by a  n u l l  measurement. The v o l t a g e  d i f f e r e n c e  
between an i n t e r n a l  Faraday cage and t h e  p robe  s u r f a c e  was sensed and t h e  
Faraday cage was d r i v e n  by a  " f o l l o w e r  c i r c u i t "  so t h a t  t h e  p o t e n t i a l  
d i f f e r e n c e  was l e s s  t h a n  0.01% o f  t h e  probe v o l t a g e  r e l a t i v e  t o  t h e  space- 
c r a f t  frame. The smal l e s t  v o l t a g e  measurable was & 0.01 V and t h e  l a r g e s t  
was k 700 V .  

The va lues o f  t h e  two p robe  v o l t a g e s  as a  f u n c t i o n  o f  t i m e  up t o  mode 
11 a r e  shown i n  F i g u r e  17. The maximum va lues  f o r  each SC4-1 mode a r e  
l i s t e d  i n  t a b l e  9  where t h e y  a r e  compared t o  V10 va lues .  Fo r  each SC4-1 
mode, t h e  SC2 probe p o t e n t i a l s  (V2n) a r e  l e s s  t h a n  t h e  V10 va lues  and t h e  
r a t i o  o f  V2n t o  V10 decreased m o n o t o n i c a l l y  w i t h  i n c r e a s i n g  s p a c e c r a f t  
f rame p o t e n t i a l .  Bo th  o f  t h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  concept  
t h a t  t h e  SC2 spheres were i n s i d e  a  plasma shea th  c r e a t e d  by t h e  p o s i t i v e l y  
charged s a t e l l i t e .  

Up t o  t h e  t i m e  o f  t h e  s t a r t  o f  SC4-1 mode 11, t h e r e  were no problems 
w i t h  t h e  SC2 probe measurements. W i t h i n  1 second o f  t h e  s t a r t  o f  t h i s  
mode, t h e  SC2-1 p robe  f a i l e d .  The SC2-2 probe d r i f t e d  t o  an i n c r e a s i n g l y  
n e g a t i v e  p o t e n t i a l  f o r  30 seconds, r e a c h i n g  a  maximum n e g a t i v e  p o t e n t i a l  
o f  -550 V and then  f a i l e d .  The t i m e  between t h e  two i n s t r u m e n t  f a i l u r e s  i s  
a p p r o x i m a t e l y  h a l f  of t h e  s p i n  p e r i o d  o f  t h e  s a t e l l i t e .  

The p o s i t i o n s  o f  t h e  SC2 spheres w i t h  r e s p e c t  t o  t h e  shadow of  t h e  
s a t e l l i t e ,  a t  t imes  of f a i l u r e s ,  were de te rm ined  u s i n g  boom s o l a r  ang les  
i n f e r r e d  f r o m  t h e  a t t i t u d e  measurements. A summary o f  t h e s e  r e s u l t s  i s  
shown i n  f i g u r e s  18 and 19. F o r  each f a i l u r e ,  t h e  i n s t r u m e n t  i n  q u e s t i o n  
i s  app rox ima te l y  7  degrees f r o m  t h e  s a t e l l i t e  shadow, g o i n g  i n t o  shadow. 
Approx ima te l y  two t h i r d s  o f  t h e  boom was i n  shadow when each of  t h e  
f a i l u r e s  occurred.  The d i s t a n c e  f r o m  t h e  probe t o  t h e  c l o s e s t  p o s i t i o n  



on the  boom i n  shadow was about 1.2 meters. The f a i l u r e  o f  each o f  t he  
SC2 probes was nea r l y  co inc iden t  w i t h  t h e  boom going through a  minimum 
magnetic p i t c h  angle o f  13 degrees f o r  SC2-1 and 15 degrees f o r  SC2-2 
( f i g u r e s  20 and 21). (The magnetic p i t c h  angle i s  the  angle between the  
magnetic vector  and t h e  boom axis.)  

Table 10 shows t a b u l a t i o n s  o f  both sun angle and magnetic p i t c h  angle 
f o r  SC2, SC4-1 and ML12-7, us ing  t h e  " look-angle" data i n  t a b l e  2. The sun 
angle data i nd i ca tes  t h a t  t h e  X a x i s  o f  t h e  s a t e l l i t e  was between 3.4 and 
4  degrees from being normal t o  t h e  sun l i n e .  A th ree  dimensional c a l c u l a t i o n  
o f  t he  shadowing o f  t h e  SC2-1 and SC2-2 booms was determined us ing  data 
on t h e  probe size, boom length, s a t e l l i t e  dimensions and tilt. The 
r e s u l t  shows t h a t  n e i t h e r  o f  t h e  probes had y e t  reached t h e  shadow o f  
t h e  s a t e l l i t e  when they f a i l e d .  Both, however, were approaching shadow 
and a  s i g n i f i c a n t  p o r t i o n  o f  t h e  boom had been shadowed when f a i l u r e  
occurred. The shadowing angles a r e  summarized i n  t a b l e  11. 

The data from both the  TPM and SCl-8B were compared w i t h  t h e  known 
per iods du r ing  which the  f a i l u r e s  and t h e  l oss  o f  te lemet ry  sync occurred. 
The SC2-1 probe re turned "good" data a t  54727.9 and "bad" data a t  54729.9, 
i n d i c a t i n g  f a i l u r e .  The data p o i n t  a t  54728.9 was l o s t ,  p revent ing  the  
t ime o f  f a i l u r e  from being p inpo in ted  t o  c lose r  than two seconds from t h e  
SC2-1 data alone. The TPM data which was received dur ing  second 54730 
i n d i c a t e s  a t  l e a s t  one f a i r l y  l a r g e  pulse and several t h a t  exceeded t h e  
count ing  th resho ld  o f  t he  h igh  Z (impedance) and low Z detectors.  Pre- 
l i m i n a r y  ana lys is  o f  t h e  t i m i n g  involved i n  t r a n s m i t t i n g  t h e  TPM da ta  
i n d i c a t e s  t h a t  t h i s  data was sampled between 54728.6 and 54729.8. I f  we 
assume t h a t  t h e  events monitored by the TPM inc lude t h e  SC2-1 f a i l u r e ,  
t h i s  narrows t h e  p e r i o d  o f  SC2-1 probe f a i l u r e  t o  about 1 second. 

The SC1-8B data i s  l ess  easy t o  i n t e r p r e t .  This package shows f o u r  
consecut ive seconds o f  r e l a t i v e l y  high a c t i v i t y ,  s t a r t i n g  w i t h  the  data 
received about 54728.2 (sampled s t a r t i n g  a t  54727.2). The 3  keV command 
was g iven a t  about 54728.4, i n d i c a t i n g  t h a t  t h e  f i r s t  second o f  t h i s  per iod  
can be disregarded. However, t h i s  leaves th ree  seconds o f  pulses o f  which 
none can be s p e c i f i c a l l y  i d e n t i f i e d  w i t h  the  SC2-1 f a i l u r e .  

Dur ing  both t h e  SC2-1 f a i l u r e  and t h e  l o s s  o f  te lemetry sync, t h e  
SC1-8B package was r e c e i v i n g  i t s  data f rom sensor S2 (Harness Wire). 
Dur ing t h e  f a i l u r e  o f  SC2-2, SC1-8B was sampl i n g  sensor S 1  (CDU Loop). 

The SC2-2 data shows f a i l u r e  between 54757.9 and 54758.9. The on ly  
TPM pu lse  data which appears t o  span any o f  t h i s  p e r i o d  was received a t  
54760 and was sampled between 54758.6 and 54759.8. This appears t o  narrow 
t h e  reg ion  o f  unce r ta in t y  o f  t h e  t ime o f  t h e  SC2-2 f a i l u r e  t o  t h e  t ime 
p e r i o d  between 54758.6 and 54758.9. The SC1-8B package shows a  f a i r l y  
l a r g e  pu lse  a t  54759.2 (sampled between 54758.2 and 54759.2) which agrees 
w i t h  t h i s  t ime  period. Thus i t  may be said,  t e n t a t i v e l y ,  t h a t  t he  SC2-2 
f a i l u r e  may have occurred i n  t h e  0.3 second per iod  s t a r t i n g  a t  54758.6, 
w h i l e  t h e  X 2 - 1  f a i l u r e  cannot be i so la ted  t o  b e t t e r  than 1.2 seconds 
s t a r t i n g  a t  54728.6. 



SC2-1 AND SC2-2 PROBE FAILURE ANALYSIS 

A p a r t i a l  c i r c u i t  diagram f o r  t h e  SC2-1 and SC2-2 probes i s  shown i n  
f i g u r e  22. Switches 4 and 5 a re  open i n  t h e  f l o a t i n g  p o t e n t i a l  mode which 
was ope ra t i ona l  when t h e  probes f a i l e d .  The h i  gh-vol t age  f o l l o w e r  c i r c u i t  
i s  a  h i g h  i npu t  impedance dev ice  when operated w i t h i n  i t s  des ign dynamic 
range. The output uses s i x  h i g h  vo l t age  t r a n s i s t o r s  t o  share t h e  h i g h  
vo l t age  f rom bo th  t h e  t 1  kV and . the -1 kV supply .  The ou tpu t  f o l l o w s  t h e  
i n p u t  t o  about 2 7 0 0  V beyond which t h e  ou tpu t  c i r c u i t  l i m i t s .  The 
r e l a t i v e l y  low ou tpu t  impedance of t h e  f o l l o w e r ,  when ope ra t i ng  w i t h i n  i t s  
dynamic range, d r i v e s  t h e  i n n e r  sphere o f  t h e  probe (Faraday s h i e l d )  and a  
dual  range vo l t age - to - f  requency conve r te r  (which d i g i t a l  l y  measures t h i s  
vo l t age )  . 

The t ime  p l o t  f o r  t h e  SC2-1 and SC2-2 s p h e r i c a l  probe ou tpu ts  shows 
t h a t  bo th  spher ica l  probes had been s i t t i n g  c l o s e  t o  -350 V w i t h  respec t  
t o  spacecra f t  frame, f o r  a  p e r i o d  o f  172 seconds p r i o r  t o  f a i l u r e .  A t  t h e  
t ime  o f  f a i l u r e  t h e  ou tpu ts  o f  t h e  f o l l o w e r s  rose  t o  approx imate ly  +700 V 
(as measured by t h e  vo l  t age - to - f  requency m o n i t o r  c i  r c u i  t )  . The exact  
r i s e  t i m e  o f  t h e  ou tpu t  vo l t age  i s  n o t  known f o r  e i t h e r  probe because o f  t h e  
low PCM sample r a t e  o f  t h e  f o l l o w e r  ou tpu t  mon i t o r  (once pe r  second). 

I n  bo th  probes t h e  h i g h  vo l t age  f o l l o w e r  c i r c u i t  must have f a i l e d  such 
t h a t  t h e  s t r i n g  o f  s i x  t r a n s i s t o r s  f rom t h e  ou tpu t  t o  t h e  t 1  kV supply  i s  
conduc t ing  and cannot be shut  o f f .  The d i f f e r e n t i a l  d r i v e r  c i r c u i t  i s  
p r o t e c t e d  i n  one d i r e c t i o n  by d iode  D2 and Zener 22 and i n  t h e  o t h e r  
d i  r e c t  i on by i d e n t i c a l  d iodes connected i n  t h e  oppos i t e  p o l a r i t y .  The 
r e s u l t i n g  f a i l u r e  ou tpu t  l e v e l  o f  approx imate ly  t 700  V i s  no t  n e c e s s a r i l y  
t h e  normal p o s i t i v e  l i m i t  l e v e l  o f  t h e  ou tpu t  s tage bu t  cou ld  be 
t h e  r e s u l t  o f  reduced power supply  vo l t age  due t o  t h e  sus ta ined  h i g h  c u r -  
r e n t  l o a d  o f  t h e  f a i l e d  c i r c u i t .  (The s u p p l i e s  were designed f o r  a  maximum 
l o a d  o f  about + 100 P A.) 

The f a i l u r e  mechanism was most l i k e l y  a  h i g h  nega t i ve  i n p u t  c u r r e n t  
t o  t h e  o u t e r  sphere. Th is  c u r r e n t  had t o  be l a r g e  enough and f rom a  h i g h  
enough p o t e n t i a l  source t o  d r i v e  t h e  f o l l o w e r  t o  i t s  n a t u r a l  ou tpu t  l i m i t  
l e v e l  o f  -700 V a t  which p o i n t  t h e  ou tpu t  v o l t a g e  no l onge r  f o l l o w s  
t h e  i npu t .  The i npu t - t o -ou tpu t  vo l t age  d i f f e r e n t i a l  increases u n t i l  d iode  
D2 and Zener 23 conduct. The ou tpu t  i s  then  e s s e n t i a l l y  shor ted  t o  t h e  
i n p u t  w i t h i n  10 V. The i n p u t  c u r r e n t  can t hen  d r i v e  t h e  ou tpu t  c i r c u i t  
t o  a  more negat ive p o t e n t i  a1 than  1  i m i  t l e v e l .  

When t h e  d iodes conduct, t h e  f o l l o w e r  ou tpu t  c a p a c i t o r  o f  1000 pF i s  
added i n  p a r a l l e l  w i t h  t h e  equal va lue  c a p a c i t o r  i n  t h e  i n p u t  f i l t e r .  
Since t h e  capaci tance i n  t h e  t1 kV supp ly  a t  t h e  c i r c u i t  board i s .  2000 pF, 
i t  can p rov ide  a  c u r r e n t  o f  a t  l e a s t  100 p A above t h e  supply  des ign of 
100 P A f o r  1 mS and drop o n l y  100 V. Therefore,  t h e  ou tpu t  vo l t age  
can be dynamical l y  d r i v e n  by an i n p u t  c u r r e n t  o f  about 200 11 A f o r  l e s s  
than  1 mS t o  g rea te r  nega t i ve  va lue  t h a n  -1 kV, w i t h o u t  apprec iab ly  p u l l i n g  
down t h e  p o s i t i v e  supply  p o t e n t i a l .  A t  t h i s  p o i n t ,  t h e  s t r i n g  of s i x  t r a n -  



s i s t o r s  f rom t h e  ou tpu t  t o  t h e  -1 kV supply  i s  e s s e n t i a l l y  o f f ,  due t o  t h e  
r e l a t i v e l y  low p o t e n t i a l  across them i n  e i t h e r  p o l a r i t y .  I f  t h e  f o l l o w e r  
ou tpu t  i s  d r i v e n  toward -1.4 kV, the vo l t age  across each o f  t h e  s i x  s e r i e s  
f i e l d - e f f e c t  t r a n s i s t o r s  ( f r om t h e  f o l l o w e r  ou tpu t  t o  t h e  +1 kV supp l y )  
approaches t h e  avalanche breakdown p o t e n t i a l  o f  about 400 V; t h a t  i s ,  
a  t o t a l  o f  2.4 kV appears across the t r a n s i s t o r  s t r i n g .  (The a c t u a l  t r a n -  
s i s t o r s  were t e s t e d  t o  350 V a t  50 P A  p r i o r  t o  assembly.) 

I f  t h e  t r a n s i s t o r  breakdown c h a r a c t e r i s t i c  has a  nega t i ve  res i s tance ,  
t h e  j u n c t i o n  c u r r e n t  can i nc rease  w h i l e  t h e  vo l t age  decreases. When t h e  
f i r s t  t r a n s i s t o r  breaks down, i t s  vo l tage  decreases, f u r t h e r  s t r e s s i n g  t h e  
remain ing t r a n s i s t o r s  and caus ing them t o  break down i n  t u r n  u n t i l  a l l  s i x  
a r e  i n  avalanche. The t o t a l  cu r ren t  th rough  t h e  t r a n s i s t o r s  need n o t  be 
very l a r g e  a t  t h i s  p o i n t .  I f  t h e  cu r ren t  d e n s i t y  i s  h i gh  enough a t  any 
p o r t i o n  o f  t h e  t r a n s i s t o r  j u n c t i o n ,  c a t a s t r o p h i c  f a i l u r e  i n  t h e  conduc t ing  
mode can t ake  place. 

A t  breakdown t h e  f o l l o w e r  i n p u t  and ou tpu t  a re  e s s e n t i a l l y  connected 
t oge the r  w i t h  a  t o t a l  capac i tance o f  2000 pF r e l a t i v e  t o  ground. The + 1  kV 
supply  has a  2000 pF c a p a c i t o r  connected t o  ground. These capaci tances a r e  
e f f e c t i v e l y  i n  s e r i e s  across t h e  s i x  t r a n s i s t o r  s t r i n g  w i t h  approx imate ly  
2 kV across them. I f  t h e  breakdown were t o  f u l l y  d ischarge t h i s  capaci tance 
o f  about 1000 pF, a  t o t a l  charge o f  2  P C maximum would be passed through 
t h e  t r a n s i s t o r  s t r i n g .  The approximate c u r r e n t s  r equ i red  would be 2  mA 
i n  1 mS t o  20 mA i n  .1 mS. 

The f o l l o w i n g  a r e  t h e  requirements f o r  t h e  SC2 f a i l u r e  ( t a b l e  12) :  

(1) S u f f i c i e n t  c u r r e n t  must have been i n t r oduced  t o  t h e  o u t e r  sphere 
t o  d r i v e  t h e  ou tpu t  o f  t h e  h i g h  vo l tage  f o l l o w e r  through p r o t e c t i v e  d iodes 
t o  about -1200 V t o  -1400 V. Performance t e s t s  o f  t h e  probes u s i n g  a  13 kV 
e l e c t r o n  gun proved t h a t  t h e  probes cou ld  shunt 30 P A  w i t h  t h e  f o l l o w e r  
ou tpu t  l i m i t i n g  t o  -700 V. Therefore, t h e  i n p u t  f a i l u r e  c u r r e n t  had t o  be 
i n  excess o f  t h i s  va lue  b u t  need only be i n  t h e  o rde r  o f  200 P A  s i nce  
t h e  des ign c u r r e n t  f o r  t h e  t r a n s i s t o r s  a t  c i r c u i t  l i m i t  l e v e l  i s  app rox i -  
mate ly  100 P A. 

( 2 )  The p o t e n t i a l  o f  t h e  c u r r e n t  source had t o  be much g r e a t e r  t han  
-1500 V. The e l e c t r o n  gun ope ra t i ng  p o t e n t i a l  a t  t h e  t i m e  o f  f a i l u r e  was 
3 kV. 

(3 )  The t o t a l  charge requ i red  t o  move t h e  1000 pF c a p a c i t o r s  a t  t h e  
f o l l o w e r  i n p u t  and ou tpu t  about 1000 V was 2  P C. A t  200 P A  t h e  t ime  
t o  move t h e  vo l tage  on 2000 pF i s  10 mS; a t  2  mA t h e  t ime  becomes 1 mS. 
I n  t h e  extreme case o f  a  3  kV source w i t h  u n l i m i t e d  c u r r e n t  c a p a b i l i t y  t h e  
maximum c u r r e n t  i n t o  t h e  i n p u t  would be l i m i t e d  t o  l e s s  than  250 P A  by 
t h e  10 kohm i n p u t  r e s i s t o r .  At t h i s  c u r r e n t  t h e  t ime  t o  charge t h e  capa- 
c i t o r s  t o  100 V would be o f  t h e  order o f  10 P S. 

( 4 )  The charge a v a i l a b l e  t o  dest roy t h e  t r a n s i s t o r s  a f t e r  breakdown 
i s  a l s o  about 2  P C .  It i s  s t o r e d  i n  t h e  2000 pF f i l t e r  c a p a c i t o r  on 



t h e  +1 kV supply l i n e ,  i n  s e r i e s  w i t h  t h e  1000 pF c a p a c i t o r  a t  t h e  f o l l o w e r  
i n p u t  and output  l i n e s  which a r e  charged t o  approx imate ly  -1.4 kV. 

The day f o l l o w i n g  t h e  probe f a i l u r e s ,  sw i t ch  5 was c losed  by ground 
command connect ing a  100 kohm shunt f rom sphere t o  spacecra f t  frame. This  
caused t h e  probe mon i to r  vo l t age  t o  drop t o  about +40 V. The equ i va len t  
source a t  t h e  output i s  then  a  +700 V supply  w i t h  a  source impedance o f  
about 1.6 Mohms. This i s  i n  agreement w i t h  t h e  observa t ion  o f  a  3 t o  4  V 
s p i n  modulat ion ( o f  t h e  f a i l e d  probe vo l t age )  when t h e  v e h i c l e  i s  i n  sun- 
l i g h t .  Assuming a  probe su r f ace  o f  approx imate ly  1000 cm2 and a  
photo-emi ss i on  o f  1 n ~ l c m ~ ,  t h e  pho to -cur ren t  modu la t ion  as t h e  
v e h i c l e  sp ins  ( r o t a t i n g  t h e  probes i n  and ou t  o f  t h e  shadow o f  t h e  v e h i c l e  
body) i s  i n  t he  o rder  o f  1 P A.  This  should produce a  vo l t age  modu la t ion  
o f  t h e  o rde r  o f  1.6 V due t o  t h e  ou tpu t  impedance o f  1.6 Mohms i n  t h e  f a i l e d  
t r a n s i s t o r  s t r i n g .  

POSSIBLE PROBE FAILURE CAUSES 

E i t h e r  one o f  two d i s t i n c t l y  d i f f e r e n t  processes i s  thought  t o  be t h e  
cause o f  t h e  SC2 f a i l u r e s  d u r i n g  t h e  SC4-1 opera t ions ;  a r c i n g  a long  t h e  
boom t o  t h e  SC2 sphere, o r  impact of beam e l e c t r o n s  on t h e  SC2 sphere. 
The at tempts t o  determine t h e  cause o f  f a i l u r e  have been d i r e c t e d  t o  be 
c o n s i s t e n t  w i t h  t h e  SC2 f a i l u r e  ana l ys i s ,  i n c l u d i n g  t h e  values l i s t e d  i n  
t a b l e  12. A  p l a u s i b l e  scenar io  can be presented f o r  t h e  a r c i n g  hypo- 
t h e s i s .  As expected (and seen f rom t h e  measurements o f  t h e  p o t e n t i a l s  
o f  t h e  sample ma te r i a l s ) ,  grounded conductors,  f l o a t i n g  conductors,  and 
d i e l e c t r i c s  d i d  n o t  charge a t  t h e  same r a t e  d u r i n g  beam opera t ions .  
These measurements show t h a t  t h e r e  was a  l a r g e  d i f f e r e n t i a l  charg ing  
between surfaces and spacec ra f t  frame when SC4-1 e j e c t e d  3 keV e lec t rons .  
D i f f e r e n t i a l  charg ing should have occurred a long  t h e  boom d u r i n g  t h i s  
mode, s i nce  t he  boom was s p e c i f i c a l l y  designed t o  p rov ide  a l t e r n a t e  
sec t i ons  o f  conduct ing and d i e l e c t r i c  segments. The d i f f e r e n t i a l  cha rg ing  
may have been caused o r  enhanced by beam e l e c t r o n s  r e t u r n i n g  t o  t h e  
spacecra f t ,  and then  s t r i k i n g  and accumulat ing on t h e  boom. As t h e  
boom went i n t o  shadow, t h e  mechanism f o r  removing these  e l e c t r o n s  (photo- 
emiss ion)  ceased, and cou ld  have c rea ted  h i ghe r  d i f f e r e n t i a l  cha rg ing  
between segments of  t h e  boom. The recorded pu l se  r a t e s  and ampl i tudes 
show t h a t  t h e r e  was s i g n i f i c a n t  a r c i n g  on t h e  spacec ra f t  e x t e r i o r .  
There i s ,  however, no q u a n t i t a t i v e  exp lana t i on  o f  t h e  events,  o r  even a  
l o c a l i z a t i o n  of t h e  a rcs  s p e c i f i c a l l y  t o  t h e  booms and t h e  spheres. 

One p a r t i c u l a r  mechanism t h a t  produces a r c i n g  i s  t h e  breakdown over  
t h e  sur face  o f  a d i e l e c t r i c  due t o  an avalanche o f  secondary e l e c t r o n s  
c rea ted  by t h e  p o t e n t i a l  g rad ien t  a long  t h e  d i e l e c t r i c  ( r e f .  2). A 
technique e x i s t s  f o r  e s t i m a t i n g  t h e  cu r ren t ,  I, re leased  i n  t h i s  t y p e  of arc,  

I = ACAd, 



where A  i s  t h e  area d ischarged pe r  u n i t  t ime, C i s  t h e  capaci tance o f  t h e  
d i e l e c t r i c  p e r  u n i t  area and A d  i s  the decrease i n  t h e  vo l t age  d i f f e r e n -  
t i a l  caused by t h e  passage of t h e  d ischarge wave over  t h e  su r f ace  o f  t h e  
d i e l e c t r i c .  

I f  t h e  d ischarge has a  w i d t h  W and speed V, t hen  

A  = W V .  

Laboratory  measurements have shown f o r  some d i e l e c t r i c s  t h a t  

(an extreme va lue o f  t h e  c a p a c i t y  o f  boom sur face  t o  spacecra f t  ground); 

W = a d ,  

where d  = 4.8 cm ( t h e  boom d iameter ) ;  

i s  a  c u r r e n t  s u f f i c i e n t  t o  have caused t h e  f a i l u r e s .  Even i f  t h e  many assump- 
t i o n s  made i n  t h i s  c a l c u l a t i o n  were va l i d ,  open ques t ions  would i n c l u d e  t h e  
d u r a t i o n  o f  t h e  d ischarge  and t h e  t o t a l  charge t r a n s f e r r e d .  

The beam e l e c t r o n s  r e t u r n i n g  t o  the space v e h i c l e  were cons idered more 
l i k e l y  t o  s t r i k e  t h e  SC2 spheres than t h e  e j e c t e d  e l e c t r o n s  on t h e i r  outward 
path. An es t imate  o f  t h e  r e t u r n  cu r ren t  o f  beam e lec t rons ,  I,! can be made 
f rom t h e  measurement r e s u l t s  (Table 5). Assuming t h a t  o r b i t  l i m i t e d  t heo ry  
can be used ( r e f .  3 )  t o  es t ima te  t h e  r e t u r n  c u r r e n t  of plasma e l e c t r o n s  
o f  temperature, 0 ; and t h a t  

where, 

( n  = plasma e l e c t r o n  dens i t y ,  m = e l e c t r o n  mass, e  = e l e c t r o n  charge, and A = 
spacecra f t  area). 

For  two d i f f e r e n t  va lues o f  spacecraf t  p o t e n t i a l ,  Vsc and Vsc', 



Us ing  values of Ir, Vsc' ,  and Vsc from t a b l e  5  f o r  3  keV e l e c t r o n s ,  f o r  
mode 11 between 2  and 7% o f  t h e  r e t u r n  c u r r e n t  was due t o  ambient plasma 
e l e c t r o n s ,  and t h e r e f o r e  between 93 and 98% of t h e  beam e l e c t r o n s  re tu rned  
t o  t h e  spacecra f t .  I f  a  s u b s t a n t i a l  p a r t  o f  t h i s  r e t u r n  c u r r e n t  s t r uck  
t h e  SC2 spheres, t h e r e  would have been s u f f i c i e n t  c u r r e n t  and energy t o  
d e s t r o y  t h e  SC2-1 and SC2-2 payloads. However, i f  t h e  c u r r e n t  o f  ~ x ~ o - ~ A  
was re tu rned  un i f o rm l y  ove r  t h e  e n t i r e  14 M2 spacec ra f t  area,  t h e  c u r r e n t  
d e n s i t y  would have been 4 ~ 1 0 - ~  A / M ~ ,  and t h e  c u r r e n t  t o  t h e  0.1M2 area 
spheres would have been 4x10-5 A. Th is  c u r r e n t  i s  f a r  below t h a t  r e q u i r e d  
f o r  t h e  damage (see t a b l e  11) .  Theo re t i ca l  a t tempts  have been made t o  
determine t h e  c u r r e n t  d e n s i t y  o f  t h e  r e t u r n i n g  beam. These procedures have 
i nc l uded  a n a l y t i c a l  approx imat ions,  numer ica l ,  and " p a r t i c l e  push ing"  models. 
These at tempts have shown t h a t  t h e  space charge o f  t h e  beam e l e c t r o n s  i s  
an impor tan t  f a c t o r  i n  t h e  beam dynamics, and t h a t  t h e  excu rs i on  of t h e  
beam f o r  t h e  SC4-1 mode 11 was more than  an o rde r  o f  magnitude l a r g e r  than  
t h e  s i z e  o f  the  s a t e l l i t e .  Because o f  these  f a c t o r s ,  c a l c u l a t i o n  o f  t h e  
s e l f - c o n s i s t e n t  charge dens i t y ,  and p a r t i c l e  o r b i t s ,  w i t h  s u f f i c i e n t  accuracy 
t o  p r e d i c t  t he  c u r r e n t  d e n s i t y  o f  t h e  r e t u r n  beam have proven t o  be i n t r a c -  
t a b l e  by s t r a i g h t f o r w a r d  s i m u l a t i o n .  A two dimensional  model shows t h a t  f o r  
mode 11 t h e  space charge i n  t h e  e m i t t e d  beam spread t h e  beam f u r t h e r  t han  i t  
propagated, imp l y i ng  an i s o t r o p i c  r e t u r n  beam. Du r i ng  mode 11, ML12-7 
measured a  maximum r e t u r n  c u r r e n t  o f  3 . 6 ~ 1 0 ' ~  A. ML12-7 has a  geometr ic  
f a c t o r  o f  4.26 cm2/ster.  I f  an i s o t r o p i c  f l u x  i s  assumed a t  ML12-7, t h e  
c u r r e n t  f l u x  a t  t h e  ins t rument  i s  5 .2x10 -~  A / M ~ ,  which i s  c o n s i s t e n t  w i t h  an 
i s o t r o p i c  f l u x  over  t h e  e n t i r e  spacecra f t .  

SC4-1 PULSE MODE FAILURE 

There are severa l  p o s s i b l e  causes o f  t h e  SC4-1 pu l se  mode f a i l u r e .  A 
d e t a i l e d  ana l ys i s  has e l i m i n a t e d  a l l  bu t  one p o s s i b i l i t y ,  as t h e  o the rs  would 
have t o  be random component f a i l u r e s  no t  assoc ia ted  w i t h  t h e  3  kV command 
execut ion.  A nega t i ve  t r a n s i e n t  pu l se  on t h e  t i m i n g  ga te  i n p u t  l i n e  c o u l d  
conce ivab ly  damage t h e  i n p u t  c i r c u i t  o f  a  TTL 54L14 b u f f e r  o f  t h e  SC4-1. 
Th is  would have t o  r e s u l t  i n  an e q u i v a l e n t  s h o r t  t o  ground a t  t h e  i n p u t .  It 
i s  n o t  known how a  h i g h  v o l t a g e  t r a n s i e n t  cou ld  be i n j e c t e d  on to  t h i s  l i n e  
s i n c e  t h e  t i m i n g  gate l i n e  i s  double  s h i e l d e d  w i t h  bo th  s h i e l d s  t i e d  t o  t h e  
connector  s h e l l  a t  SC4-1 and grounded a t  t h e  PCM encoder end. The t i m i n g  
gates from redundant encoders a r e  s p l i c e d  t o g e t h e r  w i t h i n  t h e  space v e h i c l e  
harness w i r i ng .  The n a t u r e  o f  t h e  s p l i c e  and s h i e l d  connec t ions  a re  no t  
known. 

TELEMETRY ANOMALIES 

I n  a d d i t i o n  t o  t h e  SC2 sphere f a i l u r e s  and t h e  SC4-1 p u l s e  mode 
f a i l u r e ,  the re  was an anomaly i n  t h e  t e l e m e t r y  b i t  s t ream d u r i n g  mode 11 as 
mon i to red  by t he  ground r e c e i v i n g  s t a t i o n .  (See Appendix 2 f o r  a  d e t a i l e d  
d iscuss ion. )  The l o s s  o f  t e l e m e t r y  sync occur red  i n  main frames 25 and 26 



a t  54736.397 and 54736.522. The TPM shows a  f a i r l y  smal l  p u l s e  a t  
54736 which i s  t o o  soon and a  l a r g e r  p u l s e  a t  54738 (sampled between 
54736.6 and 54737.8). Th is  appears t o  be t o o  l a t e  b u t  t h a t  may be due 
t o  an e r r o r  i n  t h e  t i m i n g  a n a l y s i s .  The SC1-8B package shows a  few smal l  
pu l ses  a t  54737.2 which may be cons idered as t h e  cause o f  t h e  l o s s  o f  
t e l e m e t r y  sync. 

I t  may be p o s i t i v e l y  s t a t e d  t h a t  t h e  d i s r u p t i o n  occur red  i n  t h e  PCM 
encoder accumulator f rom which t h e  enable gates and s h i f t  pu l ses  a r e  
generated. It was caused by a  g a i n  o f  counts equ i va l en t  t o  a  t i m e  p e r i o d  o f  
n i n e  PCM b i t s ,  o r  1.1 mS. Th is  i s  equ i va l en t  t o  t h i r t y - s i x  counts a t  t h e  
x4 b i t  c lock  i n p u t  t o  t h e  encoder from t h e  TDU. This l i n e  i s  t h e  most 
p robab le  p o i n t  o f  no i se  i n j e c t i o n ,  caused by a  d ischarge,  a f f e c t i n g  o n l y  t h e  
accumulator f o l l o w i n g .  This t ime  s h i f t  i n  t h e  encoder accumulator,  r e l a t i v e  
t o  t h e  t ime  code accumulator,  l a s t e d  f o r  106 frames (13.25 seconds) u n t i l  
t h e  master frame sync, on ano ther  l i n e  f rom t h e  TDU, resynchron ized  t h e  
encoder accumu 1  a to r .  

A t  t h e  t ime  o f  t h e  no i se  i n j e c t i o n ,  frame sync was l o s t  on t h e  ground 
due t o  t h e  s h i f t  i n  t i m e  l o c a t i o n  o f  t h e  sync p a t t e r n  a t  t h e  end o f  t h e  main 
frame. Frame sync was a l s o  l o s t  a t  t h e  beg inn ing  of t h e  new master  frame 
due t o  t h e  r e t u r n  s h i f t  o f  t h e  t i m e  l o c a t i o n  o f  t h e  three-word p a t t e r n .  

PASS 89.4 CONCLUSIONS 

The ope ra t i on  o f  t h e  SC4-1 e l e c t r o n  gun on t h e  P78-2 s a t e l l i t e  c rea ted  
a  p o s i t i v e  p o t e n t i a l  on s p a c e c r a f t  frame. The e j e c t i o n  o f  6  mA o f  3  keV 
e l e c t r o n s  caused l a r g e  d i f f e r e n t i a l  cha rg i ng  o f  t h e  spacec ra f t  sur faces,  
a r c i ng ,  a  t e l e m e t r y  i n t e r r u p t i o n ,  and f a i l u r e  o f  t h e  SC2-1 and SC2-2 pay- 
loads. I n  a d d i t i o n ,  t h e r e  was a  f a i l u r e  o f  t h e  SC4-1 pu l se  mode opera t ion .  
An a n a l y s i s  o f  c i r c u i t r y  has i d e n t i f i e d  t h e  components t h a t  were a f f e c t e d  
and has e s t a b l i s h e d  a  b a s i s  f o r  de te rmin ing  t h e  causes o f  t h e  problems. 
Theo re t i ca l  s t u d i e s  and measurement analyses have focused on two hypotheses: 
a r c i n g  a long  t h e  boom t o  t h e  SC2 sphere, and impact o f  beam e l e c t r o n s  on 
t h e  SC2 sphere. These i n v e s t i g a t i o n s  s t i l l  leave a  g r e a t  u n c e r t a i n t y  as t o  
t h e  d e s t r u c t i v e  mechanism. 



APPENDIX 1: THE MAGNETOSPHERIC ENVIRONMENT FOR PASS 89.4 ON WRCH 30, 1979. 

I. O v e r a l l  C o n d i t i o n s :  March 28-30, 1979 

On March 30, 1979, t h e  SC4-1 e l e c t r o n  beam sys tem on board  t h e  P78-2 
s a t e l l i t e  was o p e r a t e d  f rom -14:43 t o  15:52 UT, w h i l e  t h e  s a t e l l i t e ,  i n  
near-geosynchronous o r b i t ,  was i n  t h e  l o c a l  m i d n i g h t  s e c t o r  a t  a l t i t u d e s  
of  6.1 t o  6.3 RE.  A t  - l5 :3O UT t h e  s a t e l l i t e  e n t e r e d  e c l i p s e .  

D u r i n g  t h e  t i m e  o f  e l e c t r o n  beam o p e r a t i o n s  t h e  magnetosphere was i n  
a  s t a b l e ,  q u i e t  p e r i o d ,  f o l l o w i n g  two days o f  i n t e n s e  a c t i v i t y .  The 
a c t i v i t y  began w i t h  a  sudden commencement a t  8:27 UT on March 28, and was 
reco rded  by a l l  s t a t i o n s  i n  t h e  AFGL m i d - l a t i t u d e  magnetometer c h a i n  
(Dav id  Knecht ,  p r i v a t e  communicat ion) .  The sudden commencement can a l s o  
be seen i n  t h e  SC5 p a r t i c l e  d a t a  and i n  t h e  S C l l  magnet ic  f i e l d  d a t a  on 
P78-2. 

F o l l o w i n g  t h e  sudden commencement t h e  magnetosphere became and s t a y e d  
a c t i v e  f o r  46 hours ,  u n t i l  07 UT on March 30. F i g u r e  23 shows magnet ic  
i n d i c e s  f o r  t h e  t h r e e  days. The A u r o r a l  E l e c t r o j e t  I ndex  (AE) shows 
p e r s i s t e n t  i n c r e a s i n g  a c t i v i t y  f rom - 150 nT a t  08 UT, t o  >700 nT by 
8:30 UT, a f t e r  w h i c h  t h e r e  a r e  i m p u l s i v e  i n c r e a s e s  i n  A E  of up t o  1400 
nT t h r o u g h o u t  t h e  a c t i v e  p e r i o d  ( 7  s t a t i o n  AE i n d e x  p r o v i d e d  by C . - I .  
Meng). M i d - l a t i  t u d e  magne t i c  a c t i v i t y ,  as measured by Kp, jumped f r o m  
4- t o  5+ a t  09 UT and reached a maximum v a l u e  o f  7- a t  t h e  end o f  March 

, i n d i c a t i n g  r i n g  c u r r e n t  g rowth ,  remained a t  near  c o n s t a n t  
l e v e l s  - -40 nT)  t h r o u g h o u t  March 28. On March 29, D s t  decreased 29. Dst 
s t e a d i l y ,  reach ing  -120 nT a t  t h e  end o f  t h e  day, and r e c o v e r i n g  t h r o u g h o u t  
March 30. W i t h i n  an hour  o f  t h e  sudden commencement t h e  equa to rward  
boundary o f  t h e  d i f f u s e  a u r o r a ,  measured by t h e  DMSP (F2)  p o l a r  o r b i t i n g  
s a t e l l i t e ,  f e l l  t o  58" CGL ( C o r r e c t e d  Geomagnetic L a t i t u d e )  a t  20 MLT 
and 55" CGL a t  09 MLT, i n d i c a t i n g  c o n s i d e r a b l e  Ear thward  m o t i o n  o f  t h e  
plasma sheet .  

A u r o r a l  e l e c t r o j e t  a c t i v i t y  a b r u p t l y  decreased t o  l e s s  t h a n  100 nT 
on March 30, f o l  l o w i n g  a  n o r t h w a r d  t u r n i n g  o f  t h e  i n t e r p l a n e t a r y  magne t i c  
f i e l d ,  measured a t  t h e  ISEE3 a l t i t u d e  a t  6:30 UT (E.J. Smith, p r i v a t e  
communicat ion) .  A f t e r  t h i s ,  Kp f e l l  t o  1+ and d i d  n o t  exceed 2+ t h r o u g h o u t  
t h e  remainder  o f  t h e  day. For  t h i s  p e r i o d  A E  was never  g r e a t e r  t h a n  250 nT, 
t y p i c a l  l y  be ing  c o n s i d e r a b l y  l e s s .  The e v e n i n g  and t h e  morn ing  d i f f u s e  
a u r o r a l  boundar ies  s y s t e m a t i c a l l y  moved po leward  o v e r  a  6  h o u r  p e r i o d  
t o  upwards o f  65" CGL. 

D u r i n g  t h e  e l e c t r o n  beam o p e r a t i o n s  ( f r o m  14 t o  16 UT), Kp v a r i e d  f rom 
2+ t o  2-, AE was l e s s  t h a n  170 nT, and Dst " - 5 4  nT. F o r  t h i s  p e r i o d  
t h e r e  were two DMSP ( F l )  o p t i c a l  images o f  t h e  s o u t h  p o l a r  r e g i o n ,  each 
c o v e r i n g  t h e  dusk h a l f  o f  t h e  o v a l .  Fo r  t h e  f i r s t  image t h e  s a t e l l i t e  
c rossed  t h e  p o l e  a t  14:30 UT, and f o r  t h e  second a t  16 : lO UT. Each showed a  
c o n t r a c t e d  a u r o r a l  o v a l  w i t h  extended,  weak a rcs .  The l a t e r  image showed 
t h e  a u r o r a l  r e g i o n  i n  t h e  m i d n i g h t  s e c t o r  t o  be t h i n n e r  by s e v e r a l  degrees 



and l e s s  intense, i n d i c a t i n g  an un in ter rup ted  q u i e t i n g  process. I n  a l l ,  
i t  can be concluded t h a t  t h e  s t a t e  o f  t h e  magnetosphere was s u f f i c i e n t l y  
q u i e t  and s t a b l e  throughout t h e  two hour pe r iod  t o  j u s t i f y  e x t r a p o l a t i o n  
o f  plasma parameters i n t o  the  p e r i o d  o f  beam operat ions, s ince  these 
necessar i l y  i n t e r r u p t  many o f  t h e  measurements o f  the  ambient plasma. 
The j u s t i f i c a t i o n  app l ies  t o  ex t rapo la t i ons  i n  t ime only. We must a l s o  
be aware o f  s p a t i a l  changes which P78-2 may have encountered du r ing  
t h i s  t ime. 

11. The P o s i t i o n  o f  t h e  Sate1 

A. P o s i t i o n  w i t h  respect 

l i t e  i n  t h e  Magnetosphere. 

t o  p a r t i c l e  populat ions.  

F igure  24 i s  a  schematic diagram o f  t h e  P78-2 o r b i t  on March 30, i n  
L -she l l  and i n  l o c a l  t ime ( t h e  ou te r  t i c k  marks, w i t h  noon a t  t he  top  of 
t h e  f i g u r e ) .  The t i c k  marks on t h e  o r b i t  i t s e l f  mark Universal  Time. 
The beginning o f  March 30 (00 UT) i s  a t  dawn. A t  t h i s  t ime Kp had i t s  
h ighest  value f o r  t he  day, equal t o  5. I n  a d d i t i o n  t o  the  s a t e l l i t e  
o r b i t ,  F igure  24 shows boundaries f o r  t h e  two major magnetospheric p a r t i c l e  
populat ions: t he  plasma sheet, a  hot, tenuous plasma; and t h e  plasmasphere, 
a  cold, dense plasma. The boundaries a r e  s t a t i s t i c a l l y  der ived,  and Kp 
dependent. The inner  edge o f  the  plasma sheet i s  given by the  dashed 
l i n e ,  and i s  taken from a  model der ived us ing  over 6000 DMSP ( F 2 )  au ro ra l  
oval boundaries ( r e f .  4). The plasma sheet re laxed outward (away from the  
Ear th )  throughout t h e  UT day as a c t i v i t y  diminished. (The abrupt  changes 
i n  t he  boundary are a  r e s u l t  o f  t he  3-hour t ime i n t e r v a l s  o f  Kp.) 

I n  c ross ing  the  plasma sheet an increase i n  energet ic  (>50 eV) 
p a r t i c l e s  i s  expected. A l l  increases i n  energet ic  p a r t i c l e s  a t  near- 
geosynchronous o r b i t  are, i n  t h e  l i t e r a t u r e ,  somewhat mis lead ing ly  
r e f e r r e d  t o  as i n j e c t i o n  events. Plasma sheet crossings are d i f f e r e n t i a t e d  
from o ther  i n j e c t i o n  events by a  c lea r  energy d ispers ion  i n  t he  p a r t i c l e  
f l u x  increases as quas i -s ta t ionary  Al fven boundaries f o r  h igher  energy 
p a r t i c l e s  a re  traversed. 

F igu rg  25 gives t h e  e lec t ron  number dens i ty  ( i n  energy dens i t y  
( i n  keV/cm ) and average energy ( i n  keV) ca l cu la ted  from the  e l e c t r o s t a t i c  
analyser  data o f  SC5 f o r  March 30. The energy range i s  from 50 eV t o  60 keV; 
i n  o rder  t o  c a l c u l a t e  t h e  moments, the d i s t r i b u t i o n  func t ions  obta ined 
a t  a  r a t e  o f  once per  second from the detec tors  p a r a l l e l  t o  t h e  sp in  
a x i s  a r e  i n teg ra ted  over p i t c h  angle. The c loses t  approach t o  t h e  magnetic 
f i e l d  var ies  from 45O a t  12 UT t o  4' a t  16 UT. X 5  d i d  no t  operate f o r  
most o f  t h e  f i r s t  h a l f  o f  t he  day and was tu rned o f f  f o r  the  i n i t i a l  
e l e c t r o n  beam operat ions near 15 UT. The l a r g e  spikes i n  t h e  data d e l i n e a t e  
t h e  p e r i o d  o f  beam operat ions, ending p r i o r  t o  16 UT. 

The plasma sheet c ross ing  occurred a t  13.7 UT, almost p r e c i s e l y  a t  t h e  
model p red i c t i on .  The c ross ing  had a c l e a r  s ignature  i n  t he  number dens i t y  
(sharp increase)  and i n  t h e  average energy (sharp decrease s ince  t h e  zero 
energy A l f vdn  l a y e r  was crossed f i r s t ) .  A f t e r  t he  crossing, t he  number 



d e n s i t y  remained f a i r l y  constant ,  .35- .5/cm3 f o r  severa l  hours ( e x t r a p o l a -  
i n g  th rough the data gap and beam ope ra t i ons ) ,  w h i l e  t h e  average energy 
inc reased  as h igher  energy A l f v e n  l a y e r s  were crossed. The da ta  gap occur red  
p r i o r  t o  c ross ing  A l f v h  l a y e r s  f o r  p a r t i c l e s  w i t h  energ ies  g r e a t e r  than  - 
10 keV. The temperature, as measured by t h e  average energy (3/2kT = E) ,  a l s o  
inc reased  from 260 eV a t  t h e  plasma sheet c r o s s i n g  t o  1.2 keV a t  16 UT. Thus, 
f o r  e l e c t r o n s  w i t h  energ ies l e s s  than  10 keV, i t  appears t h a t  t h e r e  were no 
major  s p a t i a l  changes d u r i n g  t h e  p e r i o d  o f  beam opera t ions ,  w h i l e  t h e r e  may 
have been a  systematic i nc rease  i n  t h e  mid-range energ ies (10-60 keV). 
The s o l i d  s t a t e  de tec to r s  on SC5 showed t h e  e l e c t r o n  p o p u l a t i o n  f o r  energ ies  
g r e a t e r  t han  t h i s  ( i n t o  t h e  MeV range) t o  be v i r t u a l l y  unchanged th roughout  
t h e  per iod.  

Ions  do not show a  c l e a r  s i g n a t u r e  f o r  plasma sheet c ross ings .  The 
corresponding values o f  t h e  moments o f  t h e  i o n  d i s t r i b u t i o n ,  as measured 
by SC5 i n  t h e  same energy range, had r e g u l a r  v a r i a t i o n s  over  t h e  two 
hour p e r i o d  of i n t  r e s t .  The number d e n s i t y  remained r e l a t i v e l y  con t a n t  
between 0.6-0.7/cm5 and t h e  energy d e n s i t y  decreased f rom 12 keV/cmS a t  3 14 UT t o  4.8 keV/cm a t  16 UT, w h i l e  t h e  temperature (determined by 
average energy) decreased f rom 11 t o  6 keV over  t h e  same per iod .  

O f  g rea t  i n t e r e s t  i n  charg ing  opera t ions  i s  t h e  p o s i t i o n  o f  t h e  
plasmasphere and t h e  encounter o f  r e l a t e d ,  warm plasma popu la t i ons  
(kT<30 eV). The ins t ruments  designed t o  measure t h e  c o l d  component o f  
t h e  magnetospheric plasma ( temperatures l e s s  than  a  few eV) f a i l e d  e a r l y  
i n  t h e  P78-2 mission (Experiments SC6 and SC7). SC9 measures p a r t i c l e s  
downward i n  energy t o  severa l  eV, and t h e r e f o r e ,  covers a  good p o r t i o n  o f  
t h e  warm plasma component ( f r om 1-30 eV). The h ighe r  energy spectrum i s  
we1 1-determined i n t o  t h e  MeV energy range f o r  bo th  e l e c t r o n s  and i ons  by 
t h e  combined measurements o f  SC2-3, SC-5, SC-3, SC-8, and SC-9. The low 
energy popu la t i on  g r e a t l y  a f f e c t s  spacec ra f t  charg ing  and beam opera t ions ,  
and t h e  l o s s  o f  on-board measurement o f  t h i s  component i s  d e b i l i t a t i n g ,  
p a r t i c u l a r l y  i n  model ing e f f o r t s .  A t  bes t  we can on l y  s e t  upper l i m i t s  
on d e n s i t i e s .  

The problem o f  s e t t i n g  l i m i t s  on t h e  low energy plasma popu la t i ons  
f o r  SCATHA operat ions can be addressed i n  two ways: (1) f rom an o v e r a l l  
knowledge of plasmaspheric dynamics; and (2 )  f rom nea r - co inc iden t  
measurements made by o the r  sate1 1  i t e s  a t  geosynchronous a1 t i t u d e s  . 

I n  b r i e f ,  p rev ious  S tud ies  show t h a t  t h e  plasmasphere i s  a  r e g i o n  o f  
h i g h  d e n s i t y  (10-1000/cm ) warm plasma t h a t  co ro ta tes  w i t h  t h e  E a r t h  and 
whose source i s  t h e  ionosphere ( r e f .  5 ) .  The plasmasphere can extend t o  
geosynchronous o r b i t  , most t y p i  c a l  l y  a f t e r  pro1 onged pe r i ods  of  q u i e t  
magnetospheric c o n d i t i o n s  and f o r  l o c a l  t imes  i n  t h e  a f t e rnoon  sec to r .  
Du r i ng  a c t i v e  pe r i ods  t h e  o u t e r  reg ions  o f  t h e  plasmasphere a r e  dep le ted  
and a r e  replaced by t h e  Earthward-moving, low-dens i ty ,  h o t t e r  plasmasheet. 
Subsequent f i l l i n g  o f  t h e  plasmasphere f rom t h e  ionosphere a f t e r  t h e  
plasmasheet has receded t o  q u i e t  t ime  p o s i t i o n s  i s  gene ra l l y  slow (on t h e  
o rde r  o f  t ens  o f  hours).  Since t h e  p e r i o d  o f  beam ope ra t i ons  was w i t h i n  
10 hours o f  a  very a c t i v e  pe r i od ,  and s i n c e  P78-2 was very c l e a r l y  i n s i d e  



t h e  plasma sheet a t  t h i s  t ime,  we may s a f e l y  conclude t h a t  P78-2 was n o t  
i n  a r eg ion  o f  t h e  h i ghes t  c o l d  plasma d e n s i t i e s  (100-1000/cm3). 

However, i n t e n s e  (10-100/cm3) and weak (1-10/cm3) warm plasma 
popu la t i ons  can be encountered ou ts ide  t h e  plasmasphere a t  geosynchronous 
o r b i t  ( r e f .  6 ) .  The former  a r e  n o t  found i n  t h e  m idn igh t  sec to r ,  and t h e  
l a t t e r  o n l y  r a r e l y  so d u r i n g  t imes  o f  low magnet ic a c t i v i t y .  Geos 2, a t  
geosynchronous o r b i t ,  lagged P78-2 by about 5 1 /2  hours d u r i n g  March 
28-30. The superthermal plasma analyser  on board de tec ted  c o l d  i o n  
d e n s i t i e s  ( T  - 1  eV) on March 28, 29 f rom -10-20 hours l o c a l  t ime  LT I w i t h  d e n s i t i e s  rang ing  f rom 1-16/cm3. The peak d e n s i t i e s  ( - 10/cm ) 
occur red  between 13:30 and 15:30 LT. On March 30, t h i s  p o p u l a t i o n  was 
n o t  de tec ted  a t  these  l o c a l  t imes but was encountered beg inn ing  a t  17 LT, 
reach ing  a peak va lue o f  8/cm3 a t  21:30 LT and d isappear ing  by 22:30 LT 3 F i e l d - a l i g n e d  c o l d  plasma f l u x e s  ( w i t h  equ i va len t  d e n s i t i e s  up t o  10/cm ) 
were encountered f rom 10 t o  21:30 LT (Gordon Wrenn, p r i v a t e  communication). 
Therefore,  i t  can be concluded t h a t  t h e  f r i n g e s  o f  t h e  plasmaspheric 
f i l l i n g  process may have been encountered by P78-2 a t  t imes  near  those o f  
beam ope ra t i ons  ( p r i o r  t o  l o c a l  midn ight ) .  From t h e  Geos 2 da ta  an upper 
l i m i t  t o  t h e  c o l d  plasma p o p u l a t i o n  w i t h  temperature - 1  eV can be s e t  
a t  10/cm3. 

B. P o s i t i o n  o f  t h e  s a t e l l i t e  i n  t h e  magnetospheric magnetic f i e l d .  

F i g u r e  26 i s  a schematic diagram showing t h e  p o s i t i o n  o f  P78-2 w i t h  
respec t  t o  t h e  magnet ic f i e l d  dur ing  beam ope ra t i ons  on March 30. The 
p r o j e c t i o n  i s  i n  t h e  mer i d i ona l  plane. The s a t e l l i t e  i s  i n  t h e  southern 
hemisphere a t  a magnet ic l a t i t u d e  o f  -18.6" and a geographic l a t i t u d e  o f  
-7.8". The magnet ic f i e l d ,  measured by SC l l  on SCATHA, i s  i n  a t a i l - l i k e  
c o n f i g u r a t i o n ,  a t  an ang le  o f  on ly  - 30" t o  t h e  s o l a r  d i r e c t i o n .  

A t  t h e  t ime  o f  t h e  SC2 f a i l u r e ,  t h e  t o t a l  magnet ic f i e l d  was 178 nT, 
decreas ing a t  a u n i f o r m  r a t e  o f  24 nT/hr. I n  Earth-Centered I n e r t i a l  
coord ina tes  ( x  para1 l e l  t o  t h e  l i n e  o f  equinoxes and i n  t h e  d i r e c t i o n  o f  
t h e  autumnal equinox, z p a r a l l e l  t o  t h e  p o l a r  a x i s  o f  t h e  E a r t h ' s  No r th  
Pole, and y=zxx)  t h e  f i e l d  components are:  Bx = -157 nT, By = 16 nT, 
B z  = 82 nT; t h a t  i s ,  t h e  f i e l d  i s  nea r l y  mer id iona l ,  making an angle o f  
28" w i t h  t h e  s o l a r  e c l i p t i c .  The f i e l d  remained t a i l - l i k e  throughout  t h e  
s u n l i t  e l e c t r o n  beam opera t ion .  A t  15:36 UT t h e  f i e l d  suddenly r o t a t e d  
i n t o  a d i p o l a r  c o n f i g u r a t i o n  and remained i n  t h i s  c o n f i g u r a t i o n  f o r  
severa l  minutes. A f t e r  t h i s  t h e  f i e l d  re turned,  as suddenly, t o  a more 
t a i l - l i k e  c o n f i g u r a t i o n  (by - 8") than p r i o r  t o  t h e  r o t a t i o n .  The f i e l d  
begins a s low recovery toward d i p o l a r - l i k e  c o n f i g u r a t i o n  a f t e r  15:50 UT. 
(Note: f u r t h e r  i n v e s t i g a t i o n  i s  being conducted t o  suppor t  t h e  ex i s tence  
of t h e  anomalously l a r g e  r o t a t i o n  a t  15:36 UT.) 

111. D i s t r i b u t i o n  Func t i on  o f  t h e  Ambient Plasma P r i o r  t o  Beam Operat ions 
Using SC2-3 , SC5, and SC9 Measurements. 

Three p a r t i c l e  de tec to r s ,  SC2-3, SC5, and SC9, operated on March 30 



t o  w i t h i n  12 minutes o f  t h e  t ime  when t h e  cap on t h e  e l e c t r o n  beam was 
removed. The data from these  ope ra t i ons  (14:45-14:49 UT) a r e  used t o  
c a l c u l a t e  an average i s o t r o p i c  d i s t r i b u t i o n  f u n c t i o n  t o  represen t  t h e  
ambient plasma. The energy range, p o s i t i o n  on t h e  s a t e l l i t e ,  energy pass 
bands and p i t c h  angles d i f f e r  f o r  t h e  t h r e e  ins t ruments  and t hus  they  do 
n o t  l end -  themsel ves t o  easy comparison. A comprehensive i n t e r c a l  i b r a t i o n  
o f  t h e  P78-2 inst ruments i s  underway. The i n t e r c a l  i b r a t i o n  w i  11 address 
t h e  d i f f e rences  c i t e d  above, and i n  a d d i t i o n ,  d i f f e r e n c e s  i n  c a l i b r a t i o n  
methods, degradat ion i n  f l i g h t ,  and i o n  composit ion. Thus, t h e  d i s t r i b u t i o n  
f u n c t i o n  cons t ruc ted  here  shou ld  be cons idered p r e l i m i n a r y .  

F i gu re  27 i s  a  p l o t  o f  t h e  d i s t r i b u t i o n  f u n c t i o n s  o f  e l e c t r o n s  and 
i o n s  f o r  a  one minute p e r i o d  i n  t h e  g iven 5  minute i n t e r v a l .  The b read th  
i n  t h e  values f o r  SC2-3 and SC5 r e s u l t  f rom t h e i r  p i t c h  angle sampling. 
The low energy ( < l o  eV) e l e c t r o n s  i n  one SC9 d e t e c t o r  ( s o l  i d  1  i n e )  and 
t h e  low energy ions  ( < l o  eV) mon i to red  by SC9 a r e  a t  background l e v e l s .  

The i o n  d i s t r i b u t i o n  f u n c t i o n  i s  c a l c u l a t e d  over  two energy ranges, 
<1.5 keV and >1.5 keV. The h i g h e r  energy range i s  w e l l - f i t  up t o  188 keV 
by a  Maxwel l ian d i s t r i b u t i o n  w i t h  temperature between 14-16 keV, and 
number dens i t y  between 0.4-0.6/cm3. For t h e  low energy ( - .07-1.5 keV) 
t h e  SC5 counts a r e  a t  background l e v e l s  and a re  om i t t ed  f rom cons ide ra t i on .  
A Maxwel l ian d i s t r i b u t i o n  i s  n o t  a  p a r t i c u l a r l y  good cho ice  f o r  t h i s  range, 
b u t  a  reasonable f i t  i s  made w i t h  temperature and dens i t y ,  180 eV and 
.05/cm3, r espec t i ve l y .  A power law d i s t r i b u t i o n  g ives  a  much b e t t e r  f i t  
t o  t h e  low ene gy C9 da ta  down t o  10 eV. For a  power law: s 5 f = f E'asec /km ), f = 4.38 - + .13, a =  -1.6 - + .l, and t h e  d e n s i t y  
i s  .09/cm3 t o  w i t h i n  206. 

The e l e c t r o n  d i s t r i b u t i o n  f unc t i ons  f o r  t h e  t h r e e  ins t ruments  d i f f e r  
g r e a t l y ,  a l though t h e  d i f f e r e n c e  i s  p r i n c i p a l l y  i n  t h e  va lue  o f  t h e  
f u n c t i o n ,  and no t  t h e  shape. The 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  here, 
and as i s  o f t en  found t o  be t h e  case, does n o t  f i t  a  Maxwel l ian except  
f o r  smal l  energy i n t e r v a l s .  Therefore,  we aga in  f i t  t h e  da ta  t o  two non- 
ove r l app ing  power law d i s t r i b u t i o n ~ ,  one i n  t h e  energy range .050-5 keV, 
and one >5 keV. I n  t h e  low energy range a =  1.25, w i t h  fo va ry i ng  
between 2.4 and 4.37, g i v i n g  a  d e n s i t y  v a r i a t i o n  f rom .41 t j  .75/cm3. 
I n  t h e  h i g h  energy range a =  3.2, fo = 4.95 and n  = .008/cm . I n  t h i s  
l a s t  fit, t h e  SC2-3 da ta  was n o t  used. The values a r e  low due t o  t h e  use 
of an e f f i c i ency  f a c t o r  o f  u n i t y  f o r  a l l  energies.  (For  t h e  above power 
laws, E i s  i n  keV and fo has t h e  same dimensions as f.) 



APPENDIX 2: TELEMETRY ANOMALIES 

A d e t a i l e d  a n a l y s i s  o f  t h e  problem and i t s  p robab le  causes has 
been made. I n  o rde r  t o  understand the t e l eme t r y  da ta  anomalies, a 
d e s c r i p t i o n  o f  t h e  Pu lse  Code Modulator (PCM) ou tpu t  format  fo l lows.  

A l l  data i n p u t s  t o  t h e  PCM encoder a r e  sampled a t  l e a s t  once i n  a 
16 second i n te r va l , ,  t h e  t i m e  requ i red  f o r  one' master frame. The mas-ter 
frame cons i s t s  o f  128 main frames. The t ime  f o r  one main frame i s  
then 0.125 seconds. Each main frame c o n s i s t s  o f  128 words o f  8 b i t s  i n  
leng th ,  produc ing a b i t  f requency o f  81 92 b i t s  p e r  second. 

Several words o f  each mai n frame a r e  ded ica ted  t o  frame i d e n t i f i c a t i o n ,  
synchron iza t ion ,  and v e h i c l e  t ime. This a l l ows  f o r  decommutation o f  t h e  
s e r i a l  d i g i t a l  da ta  when rece ived  on t h e  ground and f o r  t ime- tagg ing  t h e  
encoded data. Table 13 i s  a l i s t i n g  o f  t h e  b i n a r y  va lues o f  these ded ica ted  
words as decommutated f rom t h e  data tape. 

The f i r s t  f o u r  words o f  t h e  main frame, words 000 th rough 003, 
c o n t a i n  t h e  Veh i c l e  Time Code Word (VTCW). Word 000 con ta ins  t h e  8 most 
s i g n i f i c a n t  b i t s  o f  t h e  b i n a r y  t ime  code. Words 001 and 002 c o n t a i n  t h e  
nex t  16 most s i g n i f i c a n t  b i t s ,  and the f i r s t  4 b i t s  o f  word 003 a r e  t h e  
f o u r  l e a s t  s i g n i f i c a n t  b i t s  o f  t h e  t ime code. The remain ing f o u r  b i t s  o f  
word 003 a r e  a f i x e d  zero  ("A", t a b l e  13) and a repea t  o f  t h e  t h r e e  l e a s t  
s i g n i f i c a n t  b i t s  o f  t h e  t i m e  code. 

The l e a s t  s i g n i f i c a n t  b i t  o f  the t i m e  code changes every main frame 
and t h e r e f o r e  has a w ' g h t  o f  0.125 seconds. The capac i t y  o f  t h e  t ime  54 code accumulator i s  2 x0.125 seconds o r  g rea te r  than  388 days. Th is  
accumulator and t h e  s h i f t  r e g i s t e r  f o r  t h e  v e h i c l e  t ime  code ( f i g u r e  28) 
a r e  l o c a t e d  i n  t h e  Timing D i s t r i b u t i o n  U n i t  (TDU). 

Word 124 of t h e  main frame i s  a main frame b i n a r y  coun te r  readout. 
I t  i s  synchronized t o  t h e  master frame and i s  advanced one count each main 
frame. I n  normal ope ra t i on  i t  i s  i d e n t i c a l  t o  t h e  e i g h t  l e a s t  s i g n i f i c a n t  
b i t s  o f  t h e  VTCW. I t  has a capac i t y  o f  128 (000 t o  127) which i s  t h e  
number o f  main frames i n  a master frame. This  coun te r  i s  l o c a t e d  i n  t h e  
PCM encoder. It i s  impor tan t  t o  note t h a t  a l though equal t o  t h e  l a s t  
e i g h t  b i t s  o f  t h e  t i m e  code, t h e  generat ion of t h e  frame count i s  
accomplished i n  a d i f f e r e n t  assembly. 

The l a s t  t h r e e  words o f  t h e  main frame (125, 126, and 127) a r e  
ded ica ted  t o  main frame synchronizat ion.  These 24 b i t s  have t h e  o c t a l  
cod ing  01147537. Th is  sync code res ides i n  a Read-Only-Memory (ROM) 
l o c a t e d  i n  t h e  PCM encoder. 

The PCM encoder ( f i g u r e  29) generates a l l  enable gates and gated 
s h i f t  pu lses f o r  t a k i n g  da ta  f rom payloads and t h e  TDU ( f o r  t h e  VTCW). 
Normal ly  these gates a r e  generated us ing a x4 b i t  c lock  s i g n a l  (32768 Hz) 
and a 1 / I 6  Hz master frame synchroniz ing s i g n a l  f rom t h e  TDU. 



I f  t h e  ex te rna l  c l ock  f rom t h e  TDU f a i l s ,  t h e r e  i s  a  c r y s t a l  c o n t r o l l e d  
c l o c k  i n t e r n a l  t o  t h e  PCM encoder which a u t o m a t i c a l l y  takes  over ,  p r o v i d i n g  
t i m i n g  gates,  enable  gates, s h i f t  pu lses,  and s p e c i a l  t i m i n g  gates f o r  
exper iments  SC4, SC9, and SC11, as w e l l  as t h e  main frame coun te r .  

Du r i ng  Pass 89.4 o f  t h e  P78-2 s a t e l l i t e  t h e r e  was a  d i s r u p t i o n  o f  t h e  
d i g i t a l  da ta  stream f rom t h e  PCM encoder. Th is  occur red  8 seconds a f t e r  
t h e  3  keV command execu t i on  on t h e  e l e c t r o n  gun exper iment.  The f i r s t  da ta  
f rom AFSCF showed a  14 second da ta  dropout,  a  l o s s  o f  about 105 main frames. 

A f t e r  ana lyz ing  t h e  da ta  u s i n g  a  program which recognized t h e  s t a r t  
o f  t h e  master frame and then  counted main frames, i t  was found t h a t  t h e  
i ns t r umen t  data was no t  l o s t  no r  was i t  e r r a t i c .  Successive i ns t r umen t  da ta  
samples showed no se r i ous  magnitude jumps. The v e h i c l e  t i m e  code, however, 
was i n v a l i d  f o r  these  105 frames. 

Since the  t ime  code, frame counter ,  and synchronz ing words e i t h e r  
remain constant  o r  advance i n  a  predetermined p a t t e r n ,  t h e  main frame words 
assoc ia ted  w i t h  these  f u n c t i o n s  were examined i n  d e t a i l  f o r  t h e  da ta  d i s -  
r u p t i o n  per iod.  A c a r e f u l  examinat ion o f  t a b l e  13 revea l s  t h e  f o l l o w i n g :  

( 1 )  Up t o  frame 025 t h e  da ta  was normal. The VTCW and frame coun te r  
were incremented by one each main frame. The frame synch ron i za t i on  remained 
c o r r e c t  and constant .  

( 2 )  Dur ing frame 025 a t  UT 54736.397 (assumed t o  be t h e  t ime  o f  t h e  
s t a r t  o f  frame o r  t h e  t i m e  o f  frame synch ron i za t i on ) ,  t h e  VTCW (PCM words 
000, 001, 002, 003) was normal. By t h e  end o f  t h e  frame, however, t h e  
expected b i t  l o c a t i o n s  were n i n e  b i t s  e a r l y  ( "B" ,  t a b l e  13) ;  word 124, t h e  
frame i d e n t i f i c a t i o n  word, i s  a  count o f  main frames i n  t h e  master frame, 
and had a  count o f  9  i n s t e a d  o f  t h e  expected 25. Th i s  count, 00001001, a l s o  
happens t o  be t h e  second th rough  n i n t h  b i t s  expected i n  t h e  frame synchron i -  
z a t i o n  p a t t e r n  (words 125, 126, 127; "C" ,  t a b l e  13) .  

The f i r s t  15 b i t s  i n  t h e  frame synch ron i za t i on  p a t t e r n  were t h e  same 
as those  expected d u r i n g  normal ope ra t i on  i n  t h e  t e n t h  th rough  twen ty -  
f o u r t h  b i t s  i n  these  t h r e e  words. This i n d i c a t e s  t h a t  t h e  PCM encoder was 
p r e s e n t i n g  data t o  t h e  ou tpu t  n i n e  b i t s  e a r l y ,  s t a r t i n g  some t i m e  a f t e r  word 
003 bu t  be fo re  word 124 o f  frame 025. 

( 3 )  Dur ing frame 026 a t  UT 54376.522 t h e  ground decommutation had n o t  
y e t  found t h e  synch ron i za t i on  p a t t e r n  and was s t i l l  sampl ing a t  t h e  normal 
r a t e .  Ac tua l l y ,  t h e  decommutation and t h e  VTCW were synchronous bu t  t h e  
PCM readout  was n i n e  b i t s  e a r l y .  Th is  means t h a t  t h e  s h i f t  pu lses  f o r  t h e  
f i r s t  n i n e  b i t s  o f  t h e  f i r s t  word occur red  as t h e  l a s t  n i n e  b i t s  of t h e  l a s t  
word o f  frame 025. Since t h e  VTCW s h i f t  r e g i s t e r  was n o t  loaded. a t  t h e  s t a r t  
of t h e  readout, i t  s h i f t e d  ou t  n i n e  ones. (The VTCW s h i f t  r e g i s t e r  s h i f t s  i n  
a l l  ones i n t o  i t s  f r o n t  end as i t  s h i f t s  ou t  t h e  t i m e  code.) The n i n e  ones 
a t  t h e  end o f  frame 025 a re  then  exp la ined.  

Assume t h a t  t h e  PCM encoder i s  n i n e  b i t s  ahead o f  t h e  VTCW s h i f t  r e g i s t e r  



process. Jus t  be fo re  t h e  t e n t h  s h i f t  pu lse,  t h e  VTCW accumulator generated 
a VTCW s h i f t  r e g i s t e r  l oad  s i g n a l  and loaded t h e  r e g i s t e r  w i t h  t h e  c o r r e c t  
t i m e  f rom t h e  accumulator. The next twenty - th ree  s h i f t  pu lses  s h i f t e d  ou t  
t h e  p roper  t i m e  code, most s i g n i f i c a n t  b i t  f i r s t ,  and then  t h e  s h i f t  pu lses 
f rom t h e  encoder t o  t h e  VTCW s h i f t  r e g i s t e r  ceased. The nex t  n i n e  b i t  s l o t s  
were a l l  zeros. Th is  apparen t l y  was da ta  f rom SC2 which f i t s  i n t o  t h e  e i g h t  
b i t s  o f  word 004 and b i t  one o f  word 005 o f  frame 026. 

A t  t h e  end o f  frame 026 t h e  frame i d e n t i f i c a t i o n  and frame 
synch ron i za t i on  s t i l l  e x h i b i t e d  the  n i n e  b i t  advance o f  t h e  PCM encoder 
bu t  t h e  l a s t  s i x t e e n  b i t s  were garbled. Th is  i s  apparen t l y  t h e  t ime  
d u r i n g  which t h e  ground decommutator c o r r e c t s  f o r  t h e  s h i f t  a f t e r  
r ecogn i z i ng  t h e  synchron iz ing  pa t t e rn .  

( 4 )  I n  frame 027 a t  UT 54736.646 no te  f i r s t  t h a t  t h e  UT i s  1 mS f a s t e r  
than  expected ( "D " ,  t a b l e  13).  Every second frame t ime - tag  ended i n  a  
.xx7 o r  a .xx2. From t h i s  frame u n t i l  t h e  s t a r t  o f  a  new master  frame 
t h e  t ime- tags ended i n  .xx6 and .xxl. Th is  means t h a t  t h e  PCM data 
s t r i n g  was a r r i v i n g  1 mS ( n i n e  s e r i a l  da ta  b i t s )  e a r l i e r  than  p rev ious l y .  

The f i r s t  n i n e  b i t s  o f  t h e  VTCW do n o t  form an i d e n t i f i a b l e  p a t t e r n  
and can probably  be exp la i ned  by the  resynchron iz ing  process i n  t h e  ground 
decommutator. However, t h e  l a s t  twenty- three b i t s  o f  t h e  VTCW form t h e  
exac t  p a t t e r n  expected i n  t h e  f i r s t  twen ty - th ree  b i t s  o f  t h e  VTCW. This 
can o n l y  occur i f  t h e  l o a d  s i g n a l  t o  t h e  VTCW s h i f t  r e g i s t e r  ( i n  t h e  TDU) 
occur red  n i n e  b i t s  l a t e r  than  t h e  beg inn ing  o f  t h e  VTCW s h i f t  opera t ion .  

I t  should a l s o  be noted i n  t h i s  frame t h a t  t h e  frame coun te r  (word 
024) and t h e  frame synch ron i za t i on  p a t t e r n  (words 125, 126, 127) were 
c o r r e c t .  

(5)  I n  frame 028, a t  UT 54736.771, a l l  da ta  except t h e  VTCW were 
c o r r e c t .  The VTCW b i t  p a t t e r n  shows t h a t  t h e  f i r s t  n i n e  b i t s  a r e  t h e  same 
as those  expected d u r i n g  normal opera t ion  i n  t h e  l a s t  n i n e  b i t s  o f  t h e  VTCW 
i n  t h e  p rev ious  frame ("E", t a b l e  13). The ground t ime - tag  i s  1 mS f a s t ,  as 
compared w i t h  t ime- tags p r i o r  t o  frame 026 and a f t e r  frame 001 o f  t h e  
nex t  master frame. 

This  p a t t e r n  p e r s i s t s  u n t i l  the  beg inn ing  o f  t h e  nex t  master frame; 
t h a t  i s ,  t h e  v e h i c l e  t ime  code appears t o  be n i ne  b i t s  l a t e .  Frames 035 
through 119, a l though n o t  p r i n t e d  out  i n  t h i s  t ab le ,  d i d  e x h i b i t  t h i s  
pa t t e rn .  

(6 )  A t  UT 54749.271, t h e  beg inn ing  of t h e  nex t  master frame, t h e  
p a t t e r n  changed. The PCM encoder c i r c u i t s  were rese t  by means o f  a  master 
e x t e r n a l  sync s i g n a l  f rom t h e  TDU. This  s i g n a l  i s  a  0.0625 Hz square wave, 
and synch ron i za t i on  occurs on t h e  negat ive-going edge o f  t h i s  s i gna l .  Th is  
i s  always when t h e  l a s t  seven b i t s  of t h e  t ime  code ( b i t s  22 th rough 28 
of  t h e  VTCW) go t o  a1 1 zeros, i n d i c a t i n g  frame count decimal 000. However, 
i n  frame 000 o f  t h e  new master frame, t h e  f i r s t  twen ty -e igh t  b i t s  o f  t h e  
f i r s t  f o u r  words a r e  what would be expected w i t h  t h e  n i n e  b i t  VTCW delay. 



The frame sync was l o s t  and t h e  ground decommutation process d i d  n o t  p i c k  
up frame sync u n t i l  frame 014. 

(7 )  A second pass o f  t h e  t ape  produced da ta  f o r  main frames 002 th rough 
013, and  showed t h a t  t h e  VTCW n e i t h e r  l o s t  n o r  gained t ime  r e l a t i v e  t o  
t h e  t ime  be fo re  t h e  anomaly began. The ground t ime- tags  were a l l  1 mS 
e a r l i e r  than  expected d u r i n g  t h e  anomaly ("F", t a b l e  13). 

(8) A1 1 data p a t t e r n s  were normal f rom UT 54749.522 onward. 

A rev iew o f  t h e  schematics f o r  r e l e v a n t  c i r c u i t s  r e s u l t e d  i n  t h e  b l ock  
diagrams f o r  the  Veh i c l e  Time Code Generator l oca ted  i n  t h e  TDU ( f i g u r e  28) 
and t h e  PCh encoder ( f i g u r e  29). These diagrams revea l  t h e  f o l  lowing:  

( 1 )  The TDU sends two t i m i n g  s i g n a l s  t o  t h e  PCM encoder which a re  used 
i n  normal operat ion.  These a r e  a x4 b i t  c l ock  square wave a t  32768 Hz, and 
a 0.0625 Hz square wave. The x4 b i t  c lock  i s  used t o  generate a l l  word 
enable gates, s h i f t  pulses, frame counts,  and addresses f o r  t h e  synchroni -  
z a t i o n  ROM. Most o f  these f u n c t i o n s  a re  accomplished i n  t h e  encoder by 
means o f  counters and hard-wi red l o g i c .  

( 2 )  The VTCW i s  generated i n  t h e  TDU. The bas ic  c lock  used f o r  t h e  
t ime  code i s  the same as t h a t  used t o  generate t h e  x4 b i t  c l o c k  s i g n a l  sent  
t o  t h e  PCM encoder. The VTCW s h i f t  r e g i s t e r  i s  a l s o  l o c a t e d  i n  t h e  TDU. 
Al though t h e  s h i f t  enable gate and t h e  gated s h i f t  pu lses f o r  t h e  VTCW s h i f t  
r e g i s t e r  a r e  generated i n  t h e  encoder, t h e  l o a d  s i g n a l  which t r a n s f e r s  da ta  
f rom t h e  c l ock  accumulator stages t o  t h e  s h i f t  r e g i s t e r  ( i n  a  p a r a l l e l  
f ash ion )  i s  generated by c i r c u i t s  i n  t h e  TDU u s i n g  c lock  s i g n a l s  f rom 
t h e  c l ock  accumulator. 

It i s  t h e r e f o r e  p o s s i b l e  f o r  t h e  accumulators i n  t h e  TDU (which 
generate t h e  VTCW) and t h e  accumulators i n  t h e  PCM encoder (which generate 
t h e  enable gates and s h i f t  pu l ses )  t o  be i n  s tep  bu t  s h i f t e d  i n  t ime  i f  
one o r  t h e  o ther  were t o  r e c e i v e  spur ious s i g n a l s  f rom some no i se  source. 
R e a l i z i n g  t h i s ,  a  re-examinat ion o f  t h e  VTCW data  d u r i n g  t h i s  anomalous 
p e r i o d  r e s u l t s  i n  t h e  f o l l o w i n g  scenar io :  beg inn ing  w i t h  frame 028 t h e  
VTCW had a n ine b i t  s h i f t ;  t h a t  i s ,  t h e  f i r s t  n i ne  b i t s  o f  t h e  code were 
a c t u a l l y  t h e  l a s t  n i n e  b i t s  o f  t h e  code f o r  t h e  p rev ious  frame. The 
remain ing b i t s  were t h e  f i r s t  twen ty - th ree  b i t s  o f  t h e  p roper  VTCW f o r  
t h a t  frame. 

This i s  p a r t i c u l a r l y  ev i den t  i n  frame 032 where t h e  l a s t  b i t  o f  t h e  
code changed t o  a  one. Th is  i s  a c t u a l l y  b i t  23 o f  t h e  r e a l  VTCW. This  
b i t  changed i n  t h e  same frame i n  which t h e  f i r s t  f i v e  b i , t s  were a l l  ones, 
t h e  l a s t  f i v e  b i t s  o f  t h e  r e a l  t ime  code be long ing  i n  t h e  p rev ious  frame. 
These b i t s  d i d  n o t  change t o  a1 1 zeros u n t i l  t h e  nex t  frame. 

It then becomes obvious t h a t  t h e  PCM encoder sent  i t s  enable gate 
and s h i f t  pulses n i ne  b i t s  before t h e  TDU generated i t s  p a r a l l e l  l o a d  
pu lse.  Under these circumstances, what was l e f t  i n  t h e  VTCW s h i f t  r e g i s t e r  
j u s t  be fo re  the s t a r t  o f  t h e  VTCW s h i f t  was a s t r i n g  of twen ty - th ree  ones 



(au tomat ica l l y  s h i f t e d  i n t o  t h e  f r o n t  end o f  t h e  
more s i g n i f i c a n t  b i t s  were s h i f t e d  out)  and t h e  
b i t s  from t h e  prev ious frame, which were l e f t  i n  
s h i f t  pulses ran  out. 

s h i f t  r e g i s t e r  as t h e  
l a s t  n ine  l e a s t  s i g n i f i c a n t  
t h e  r e g i s t e r  when t h e  

These n ine b i t s  were s h i f t e d  out a t  t h e  beginning o f  t h e  new t ime  code 
w i t h  gated s h i f t  pulses from t h e  encoder. A t  t h i s  p o i n t  t h e  TDU loaded 
t h e  VTCW r e g i s t e r  w i t h  t h e  new count. What was i n  t h e  s h i f t  r e g i s t e r  now 
was t h e  proper t ime  code word, w i t h  the most s i g n i f i c a n t  b i t  ready - t o  be 
s h i f t e d  out  on t h e  next s h i f t  pulse. The remaining twenty- three s h i f t  
pulses f rom the  encoder then s h i f t e d  out t h e  twenty- three most s i g n i f i c a n t  
b i t s ,  l eav ing  t h e  n ine  l e a s t  s i g n i f i c a n t  b i t s  i n  t h e  r e g i s t e r ,  f o l l owed  
by a  s t r i n g  o f  ones, t o  be s h i f t e d  out when t h e  next  encoder enable gate 
and s h i f t  pulses were received. 

The d i s r u p t i o n  must have been caused by a  l oss  o f  counts equ iva len t  
t o  n ine  b i t s  i n  t he  VTCW accumulator i n  t h e  TDU, o r  a  gain o f  t h e  same 
number o f  equ iva len t  counts i n  t he  encoder accumulator. One observat ion 
p o i n t s  t o  the  l a t t e r .  Dur ing the  anomalous cond i t ion ,  the Universal  
Time tags, placed on t h e  data tapes at t h e  t ime o f  recept ion,  a re  
cons i s ten t l y  1 mS ahead o f  the  expected data times. I n  o ther  words, t h e  
PCM stream was s h i f t e d  ahead by 1 mS dur ing  t h e  VTCW d is rup t i on ,  and then 
s h i f t e d  back 1 mS a t  master frame synchronizat ion. The master frame 
synchronizat ion d i d  no t  take p lace u n t i l  n ine  b i t s  i n t o  main frame 000 o f  
the  new master frame. 

The frame synchronizat ion was re-es tab l ished by frame 002 o f  t h e  new 
master frame a t  UT 54749.522, 13.25 seconds a f t e r  t he  f i r s t  d i s rup ted  
frame. The t ime code a t  t h i s  p o i n t  was exac t l y  as i t  would have been 
w i thout  t he  PCM d i s rup t i on .  
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TABLE 1 SELECTED P78-2 INSTRUMENTS 

Instrument Name Use Dur ing Pass 89.4 

SC1-1,-2, 
and -3 

SC1-7 

SCl-8A 

SC1-8B 

SC2-1 and -2 
Probes 

SC4-1 

SC4-2* 

SCl l  

MLi2-7 

TPM 

Surface P o t e n t i a l  
Moni tors  

R.F. Electromagnetic 
Wave Analyzer 

Very Low Frequency 
(VLF) Wave Analyzer 

Transient  Pulse 
Shape Analyzer 

Sheath E l e c t r i c  
F i e l d s  

Sate1 l i t e  E l e c t r o n  
Beam System 

S a t e l l i t e  P o s i t i v e  
I o n  Beam System 

Rapid Scan P a r t i c  
De tec to r  

UCSD Charged P a r t  
Experiment 

E l e c t r i c  F i e l d  
De tec to r  

Magnetic F i e l d  
Moni tor  

Spacecraft  
Contaminat ion 

Transient  Pulse 
Moni tor  

Measure t h e  charg ing p o t e n t i a l s  
and cur ren ts  o f  var ious m a t e r i a l s .  

Measures Elect romagnet ic  (EM) 
emissions from 2 MHz t o  30 MHz. 

Measures EM emission i n  t h e  ELF, 
VLF and LF ranges. 

Measures the  shape o f  EM pulses i n  t h e  
t ime domain from 7 nsec t o  3.7 msec. 

Measure t h e  p o t e n t i a l  of a  conduct ing 
sphere 3 meters from t h e  spacecraf t .  

E j e c t  e lec t rons  t o  charge/discharge 
t h e  spacecraf t  frame. 

E j e c t  p o s i t i v e  ions  and/or e l e c t r o n s  
t o  charge/discharge t h e  spacecraf t  
f r a m .  

Measure t h e  charged p a r t i c l e  f l u x  
i n c i d e n t  t o  t h e  spacecraft .  

Measure t h e  charged p a r t i c l e  f l u x  
i n c i d e n t  t o  t h e  spacecraf t .  

Measure t h e  p o t e n t i a l  o f  a  conduct ing 
c y l i n d e r  a t  between 30 and 50 meters 
from t h e  spacecraft .  

Measure t h e  ambient magnetic f i e l d  
a t  4  meters from t h e  spacecraf t .  

Measure e l e c t r o n  c u r r e n t  t o  
spacecraf t .  

Detect  and measure e lect romagnet ic  
pulses. 

Not used dur ing  Pass 89.4. 



TABLE 2.  INSTRUMENT "LINE-OF-SIGHT" ANGLES 

Alpha Beta 
Instrument (degrees) (degrees) 

SC1-1 

SC1-2 

SC2-1 Boom 

SC2-2 Boom 

SC4-1 

SC4-2 

SC 5 
Para1 l e l  De tec tor  

SC 5 
Perpendicular  
Detector  

SC10-2 Boom 

SC10-3 Boom 

ML12-7 



TABLE 3. S C 4 - 1  MODES 

Mode # Time Time Eb I b  Vsc 
S t a r t  Stop (keV) (mA) (V ) Notes 

Power o f f  

Power on 

Cap opened 

Pulsed Beam 

Pulsed Beam 

S C 2  damaged; occurrence 
o f  t e lemet ry  anomaly 

Power o f f  

Power on 

0 0 - Beam o f f  



TABLE 3.  SC4-1 MODES (Continued) 

Mode # Time Time Eb I b  Vsc Notes 
S t a r t  Stop (keV) (MA) (V) 

270. 

33 .-93. 

62. 

1440. 

1440. 

2960. 

400. 

232. 

360. 

2894. 

-320. Power Off  

Table 4 .  SPACECRAFT FRAME POTENTIALS, SC5 AND SClO 

vsc 
Mode # Eb I b  SClO SC 5 

(keV) (MA) (kV) (kV) 



TABLE 5. VEHICLE RESPONSE TO ELECTRON BEAM EJECTION (VscIEb) 

*Sunl ight  

**Ecl i pse  

TABLE 6. SAMPLE SURFACE POTENTIALS DURING MODE 11 

Samp 1 e Sample ( v ) *  (VtVsc)** 
Number Average Maximum 

Vol t s  Vo l t s  - .  

1 V 1  Aluminized Kapton -102 2842 

1V3 Opt i ca l  Solar 
Ref 1 e c t i  ng M i  r r o r  -42 2906 

2V2 Alumized Kapton -1189 1616 

2 V4 Conducting Reference 
Band -258 2649 

*Re la t i ve  t o  spacecraf t  frame 

**Relat ive t o  ambient plasma 



TABLE 7. PULSE SENSORS 

Sensor Sensor Measurement Thresho ld  
Name P o s i t i o n  Type ( f o r  89.4) 

TPM Low 2 V e h i c l e  c e n t e r  t ube  Vo l tage  0.12 V o l t s  
Main v e h i c l e  w i r i n g  

TPM High Z V e h i c l e  Center  t ube  Vo l tage  2.40 V o l t s  
Main v e h i c l e  w i r i n g  

TPM Solar So la r  A r ray  t o  Power Cur ren t  0 .024_ Amps 
C o n d i t i o n i n g  U n i t  w i r e  

TPM Ground Power C o n d i t i o n i n g  t o  Cur ren t  0.84 Amps 
Veh ic le  Frame w i r e  

SC1-8B #O E x t e r n a l  d i p o l e  on a  Vo l tage  0.30V, 0.1651, 0.469V. 718V 
(D ipo le )  2 meter boom 

SC1-8B #1  Loop antenna around Vol tage 8 ,  4 ,  ,I I 

(CDU) V e h i c l e  CDU 

SC1-8B 12 L a i d  a long  a  Vo l tage  I, ,I I, 

(Harness) " t y p i c a l  " c a b l e  

SC1-8B #3  D i g i t a l  Command l i n e  Vo l tage I ,4 0, II 

(Comand) f rom t h e  CDU t o  SC1-8B 

SC1-7 SClO d i p o l e  antennas RF -110 dBm 
(RF ana lyze r )  1.8m monopole on boom ( 2  t o  30 MHz) 



TABLE 8. COMPARISON OF PULSES FOR HIGH POWER SC4-1 MODES 

Mode# Eb I b  Total Pulses Pulses/Second Ecl ipse 
(keV) (mA) TPM SC1-8 TPM X1-8  

11 3 6 64 71 0.79 0.88 No 

13 1.5 13 113 82 0.47 0.34 No 

29 3 1 8 0 0.67 0 Yes 

3 3 3 0.1 29 18 0.21 0.13 Yes 

18 3 0.1 3 4 0.03 0.04 No 

Note: TPM a t  Pulse Analysis Threshold Level 3 
SC1-8B a t  0.165V Pulse Analysis Threshold 

Table 9. A COMPARISON OF S C l O  AND SC2 PROBE VOLTAGES 

Node# Time Time Eb Ib  4 1 0  -V21 -V22 V21/V10 V22/V10 
Star t  Stop (keV) (mA) (kV) (kV) (kV) 



TABLE 10. MRGNETIC PITCH ANGLE AND SUN ANGLE CALCULATIONS 

Period 1 (54728-54730, k 4 - 1  t o  3 keV a t  6 nd, SC2-1 probe f a i l u r e )  

Instrument Ti me P i t c h  Angle Sun Angle 
Degrees Degrees 

SC2-1 Boom 54728 13.2 
54729 14.1 
54730 17.4 

SC2-2 Boom 54728 166.9 
54729 165.8 
54730 162.5 

Period 2 (54736, l oss  o f  te lemet ry  Sync) 

Instrument P i t c h  Angle Sun Angle 
Degrees Degrees 

SC2-1 Boom 50.3 162.9 

SC2-2 Boom 129.6 17.3 

Period 3 (54758-54759, SC2-2 probe f a i l u r e )  

lns t  rument T i  me P i t c h  Angle Sun Angle 
Degrees Degrees 

SC2-1 Boom 54758 164.5 
54759 160.9 

SC2-2 Boom 54758 15.6 
54759 19.2 



TABLE 11. SHADOWING ANGLES 

Per iod 1 (SC2-1 f a i l u r e )  

Shadow e n t r y  sun angle = 165.5' 
Half-shadow sun angle = 166 .a0 
Tota l  shadow sun angle = 168.1' 

SC2-1 Boom sun angle = 146.5' t o  158.g0 

Per iod 3 (SC2-2 f a i l u r e )  

Shadow e n t r y  sun angle = 165.3' 
Half-shadow sun angle = 166.6' 
Tota l  shadow sun angle = 167.9' 

SC2-2 Boom sun angle = 154.8' t o  160.9" 

TABLE 12. TABLE OF SC2 FAILURE PARAMETERS 

Current away from ou te r  sphere ( e l e c t r o n s )  > 200 P A 

P o t e n t i a l  o f  cu r ren t  source (negat ive)  - < 1500 V 

Voltage t o  which f o l l o w e r  output i s  d r i v e n  -1400 V 

Tota l  i n p u t  charge requ i red  

Ti me requ i  red  

2 P C  (max.) 

Charge a v a i l a b l e  t o  dest roy s t r i n g  2 P C  



Pass 89-4 Wl4 Enooder Outbut for VTCW,Prame Counter, snd 
Synohronlzatlon Words Durlng Anomalous Condltlan. 

Vehicle Tlrnb Code word S'reme Ctr SpchnPLrst ion  
(Yordm 000,001,002,00~) (word 124) (wordm 125,126,127) 
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F i g .  1 P78-2 

SCI-I - x k -  

Fig. 2A P78-2 Relative Instrument Angles 



SPACE VEHICLE 
RELATIVE COORDINATES 

d 
LI NE-OF-SIGHT 

Fig. 2B Space Vehicle  Mount Angle D e f i n i t i o n  

Fig. 3 SC4-1 Operations - Pass 89.4 





+ 1 1 

55884 55944 56004 56064 5 6 i 2 4  56184 56 

UT (SECONDS) 

PENUMBRAL UMBRAL 
ECLIPSE ECLIPSE 

'1 I 

Fig. 6 SClO P o t e n t i a l  E n t e r i n g  E c l i p s e  - Pass 8 9 - 4  

Fig .  7 SClO P o t e n t i a l  a t  SC4-1 Turn-Off 



A - SC2-1 FAILURE 
B - TLM INTERRUPT 
C - SC2-2 FAILURE 

A UT (SECONDS) 

Fig. 3 STY Curren t  Thro:.gh Opkical  S o l a r  R e f l e c t o r  - SC4-1 Mode 11 

A  - SC2-1 F A I L U R E  
- TLM I N T E R R U P T  

C - SC2-2 F A I L U R E  

Fig. 9 SPM F r o n t  S u r f a c e  P o t e n t i d  - Kapton Sample - SC4-1 Mode 11 

549 



8IM 3 kV 

71 PULSES 

AMPLITUDE (VOLTS) 

Fig. 10 Amplitude Distribution of SC1-8 Pulses Above Threshold #1 

ma 1.5 

PULSES 

AMPLITUDE (VOLTS) 

Fig. 11 Amplitude Distribution of SC1-8 Pulses Above Threshold #2 



30 MAR 79 
- UT rn 15: 12: 36 

30 MAR 79 
UT rn 15: 12: 33 

Fig. 1.2 SC1-8B Pulse Shape - External Dipole 
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30 MAR 79 30 MAR 79 

6 - UT a 15: 12: 09 UT a 15: 13: 29 

4 - 

g 2 -  
> 

I 
w- 0 .  ., I I 
0 
3 
C, -2 - 
i 
5 -4 - SC2-1 PLASMA POTENll A1 

SENSOR FAILED 
-6 - 

-8 - , I I I I I I 
- - 

0 0.5 1.0 1.5 0 2.5 3.0 3.5 
TIME, psec 

Fig. 13 SCI-8 Pulse Shape - Harness Wire 



30 MAR 79 
- UT a 15: 12: 39 

- 
SC2-2 PLASMA POTENTIAL 

SENSOR FAILED - 

30 MAR 79 
UT - 15: 12: 55 

30 MAR 7 9  

0 
TIME, sec 

Fig. 14 SC1-8 Pulse  Shape - CDU Loop 

30 M A R  79 
UT 15: 12: 59 

I 1 1 I I 1 1 
0 0.5 1.0 1.5 0 0.5 L 0 1.5 

TIME, psa 

Fig. 15 SCl-8 Pulse  Shape - Comnd Line 



SC2 BOOM : 3 m LONG SC2-I ,-2 : CONDUCTIVE COATING 

KAPTON COVERED WITH ( AOUADAG 1 
2 . 5 4 c m  Pt BANDS, 
0.635 cm SPACINGS NOTE : CABLE SH IEU) REMOVED LAST-8cm 

BEFORE L E X A N  SPACER 

Fig. 16 SC2-1, -2 Experimental Geometry 

Fig. 17 SC2 Probe Voltages 



ED 

Fig .  18 SC2-1 Room S o l a r  Angle 

Fig. 19 SC2-2 Soom S o l a r  Angle 



F i g .  20 SC2-1 Room Plagnet ic  P i t c h  Angle 

F i g .  21 SC2-2 Boom Magnet ic  P i t c h  Angle 



INNER SPHERE 

6 

EO 

1 - -1:KV 

Fig. 22 SC2-1, -2 Voltage Follower Circuit 

DAY87 DAY 88 DAY 89 
6 12 0 6 12 18 0 6 12 18 24 
I I ~ I ~ ~ I I ~  4 " " " " ' " - -  

- 
- 

2 - - 

Fig. 23 Magnetic activity indices, March 28-30, 1979 



DAY 89 

i~ ORBIT 

---- DMSP INNER EDGE OF 
PLASMA SHEET / \ 

4 INJECTION BOUNDARY - SCATHA / \ 

Ill1 ELECTRON BEAM OPERATIONS I I 1 

+-+ SOLAR ECLIPSE 00 
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F i g .  26 Schematic diagram o f  t h e  S C A T H A  p o s i t i o n  and t h e  mag- 
n e t i c  f i e l d  d i r e c t i o n  d u r i n g  p a s s  89.4. 
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F i g .  27 D i s t r i b u t i o n  f u n c t i o n s  o f  e l e c t r o n s  and i o n s  measured 
by S C 2 - 3 ,  SC5 and S C 9  on March 30, 1979,  a t  14:47 UT. 
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