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SUMMARY 

The SCATHA ( ~ 7 8 - 2 )  s a t e l l i t e  payload i n c l u d e s  a  Charging E l e c t r i c a l  
E f f e c t s  Analyzer (CEEA) t o  measure t h e  c h a r a c t e r i s t i c s  o f  e l e c t r i c a l  d i s -  
charges  i n  bo th  t h e  frequency and t ime domain. P u l s e s  a r e  d e t e c t e d  i n  re-  
sponse t o  commands, d u r i n g  e l e c t r o n  and i o n  beam o p e r a t i o n s  and d u r i n g  
n a t u r a l  d i scharge  e v e n t s .  The P u l s e  Analyzer which measures t h e  shape  o f  
p u l s e s  on f o u r  sensors  i s  t h e  pr imary CEEA d i a g n o s t i c  f o r  t h e  n a t u r a l  d i s -  
charges .  To da te  233 days of P u l s e  Analyzer d a t a  have been reduced.  Nine- 
t e e n  p u l s e s  on ten d i f f e r e n t  days have been r e l a t e d  t o  n a t u r a l  d i s c h a r g e s .  
Many of  t h e s e  r e l a t e d  t o  t h e  s o l a r  i l l u m i n a t i o n  of t h e  v e h i c l e .  Two oc- 
c u r r e d  s h o r t l y  a f t e r  t h e  s a t e l l i t e  e x i t e d  t h e  e a r t h ' s  umbra. On May 26,  
1979 s i x  p u l s e s  were d e t e c t e d  i n  s u n l i g h t  w i t h i n  a  p e r i o d  o f  14 minu tes .  
A l l  s i x  occur red  a t  p r e c i s e l y  t h e  same s p i n  phase s u g g e s t i n g  t h a t  a  s i n g l e  
p o i n t  on t h e  v e h i c l e  was b reak ing  down. Only f i v e  d i s c h a r g e s  have been 
found i n  t h e  da ta  a t  a  t ime when t h e  P u l s e  Analyzer was i n  mode w i t h  s u f f i -  
c i e n t  t ime r e s o l u t i o n  t o  r e s o l v e  t h e  f requency components i n  t h e  waveform. 

INTRODUCTION 

The Charging E l e c t r i c a l  E f f e c t s  Analyzer (CEEA) was p rov ided  f o r  t h e  
SCATHA ( ~ 7 8 - 2 )  s a t e l l i t e  payload t o  v e r i f y  t h a t  e l e c t r i c a l  d i s c h a r g e s  a r e  
o c c u r r i n g  when o t h e r  i n s t r u m e n t s  measure l a r g e  d i f f e r e n t i a l  p o t e n t i a l s  be- 
tween s u r f a c e  m a t e r i a l s  on t h e  v e h i c l e .  

The CEEA c o n s i s t s  of t h r e e  i n s t r u m e n t s :  t h e  P u l s e  Ana lyzer ,  t h e  VLF 
Analyzer ,  and the RF Analyzer.  The P u l s e  Analyzer measures t h e  number o f  
p u l s e s ,  t h e i r  ampl i tudes  and shapes  on f o u r  s e n s o r s .  The VLF Analyzer  meas- 
u r e s  t h e  e l e c t r i c  and magnet ic  f i e l d  s p e c t r a  o f  waves i n  t h e  f requency range  
from 100 Hz t o  300 kHz. The RF Analyzer measures t h e  e l e c t r i c  f i e l d  i n t e n -  
s i t y  on a  1.8-m monopole an tenna  i n  t h e  f requency range from 2 t o  30 MHz. 

I n  t h i s  paper I p r e s e n t  r e s u l t s  from t h e  P u l s e  Analyzer from 233 days 
between 7  February 1979 and 20 June 1980.  his p e r i o d  c o v e r s  q u i e t  and ac- 
t i v e  days ,  e c l i p s e s ,  and e l e c t r o n  and ion  beam o p e r a t i o n s .  The ins t rument  
i s  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  I n d i v i d u a l  t ime p e r i o d s  of s p e c i a l  i n t e r -  
e s t  a r e  desc r ibed  i n  d e t a i l .  I n  t h e  f i n a l  s e c t i o n s  t h e  a s p e c t  dependence 
and f requency spectrum of t h e  n a t u r a l  d i s c h a r g e s  a r e  d e s c r i b e d .  

*his work was suppor ted  by t h e  U.S. A i r  Force under C o n t r a c t  No. 
F04701-80-C-0081. 



INSTRUMENT DESCRIPTION 

The Pulse  Analyzer measures the  shape of  e lec t romagnet ic  pu lses  i n  t he  
time domain from 7  ns  t o  3.7 m s .  The pu l se  ana lyses  a r e  made on four  sen- 
s o r s :  (1 )  a  loop antenna around one of  t he  two redundant space veh ic l e  Com- 
mand D i s t r i b u t i o n  Uni t s ,  ( 2 )  a  wi re  a long the  o u t s i d e  of a  " typical1 '  space 
v e h i c l e  cab l e  bundle,  (3 )  an ex t e rna l  s h o r t  d i p o l e  antenna a t  t h e  end of a  
2-m boom, and (4)  a  d i g i t a l  command l i n e  from the  Command D i s t r i b u t i o n  Unit 
t o  the  Pulse  Analyzer. 

The s i g n a l  p rocessor  may be switched by command t o  any of t he  four  sen- 
s o r s .  It  then s t e p s  au toma t i ca l l y  through t h e  s e l e c t e d  s enso r s  monitor ing 
each i n  t u rn  f o r  16 s ec .  The func t iona l  block diagram is shown i n  Fig- 
u r e  1. When a  s i g n a l  exceeds a  comandable  th reshold  i t s  amplitude i s  sam- 
pled a t  16 po in t s  t o  measure t he  pulse  shape. The 16 samples may be spaced 
loga r i t hmica l ly  o r  l i n e a r l y  i n  time. The logar i thmic  spacing covers  t h e  
range from 7  ns  t o  492 s. The l i n e a r  spac ing  is  commandable wi th  t he  fo l -  
lowing opt ions :  0.015, 0.060, 0.24, 1 .0 ,  3.8, 30, and 250 s. The ampli- 
tude  i s  measured by a  bank of 24 d i s c r imina to r s ,  12 p o s i t i v e  and 12 nega- 
t i v e .  The t o t a l  range of the  d i s c r imina to r  bank i s  3 mV t o  1.8 V. The s ig -  
n a l  from each sensor  can be a t tenua ted  by command t o  p l ace  i t  wi th in  t h i s  
range. There a r e  s i x  a t t e n u a t i o n  s e t t i n g s  t h a t  s e l e c t  measurement ranges 
from 3 mV t o  1.84 V a t  minimum a t t enua t ion  t o  3.46 V t o  1910 V a t  maximum 
a t t e n u a t i o n .  The threshold  is  coupled t o  t he  a t t e n u a t i o n  s e t t i n g .  The a t -  
t enua t ion ,  t h r e sho ld ,  and sampling i n t e r v a l  can be independently commanded 
f o r  each sensor .  The number o f  pulses  pe r  second above four  s e l e c t a b l e  
t h r e sho lds  i s  a l s o  measured. Three of t he  t h r e sho lds  a r e  determined by the  
a t t e n u a t i o n  s e l e c t i o n ,  t he  four th  i s  t h e  pu l se  a n a l y s i s  th reshold .  

The instrument  i s  commanded by a  22-bit s e r i a l  magnitude command of 
which only t he  seven l e a s t  s i g n i f i c a n t  b i t s  a r e  used. 

I n  i t s  normal mode of opera t ion  t h e  instrument  s t e p s  through each of  
four  s enso r s  monitor ing each f o r  16 sec i n  sequence. The threshold  and a t -  
t enua t ions  f o r  each sensor  a r e  determined by exper ience  on o r b i t .  

I n i t i a l  measurements have been made with t h e  l oga r i t hmic  sample spac- 
ing.  Linear  spacing (15 n s )  have been used s i n c e  October 1979 because typ i -  
c a l  pu l se s  prove t o  be s h o r t e r  than 200 ns .  

I n f l i g h t  v e r i f i c a t i o n  of t he  c a l i b r a t i o n  is accomplished by sending 
s e r i a l  magnitude commands from the  Command D i s t r i b u t i o n  Unit t o  t he  s e r i a l  
magnitude command sensor .  

DATA 

The Pulse  Analyzer was turned on and s u c c e s s f u l l y  checked out  on-orbi t  
on February 5 ,  1979. I n i t i a l  opera t ions  began wi th  t h e  pu l se  a n a l y s i s  
t h r e sho ld  s e t  a t  0.651 V and t h e  count ra te  t h r e sho lds  s e t  a s  shown i n  
t a b l e  1, column 1. A t  t h i s  s e t t i n g  only two pu l se s  were de t ec t ed  dur ing  t h e  
72 hours of  da t a  a v a i l a b l e  from February 12-14. Both of t he se  pu lses  oc- 



cur red  dur ing  SC4-2 Ion Beam ope ra t i ons  on February 14. The pu l se s  had a  
width a t  h a l f  maximum of 500 s and an ampli tude o f  0.7 V. 

Because i t  was apparent  t h a t  very  few pulses  were being de t ec t ed  t h e  
th reshold  was lowered on February 18 t o  0.165 V with t h e  a s soc i a t ed  count- 
r a t e  th reshold  l i s t e d  i n  t a b l e  1, column 2. 

A t  t h i s  threshold t he  ana lyzer  occas iona l ly  responds t o  pu l se s  genera- 
t ed  when commands a r e  s e n t  t o  the  veh ic l e .  Pu lses  occur r ing  wi th in  one sec- 
ond of a  command a r e  a t t r i b u t e d  t o  a  v e h i c l e  o r  payload response t o  t h e  com- 
mand and a r e  i d e n t i f i e d  a s  Command pulses  i n  t a b l e  2. 

An i n t e r e s t i n g  v a r i a t i o n  t o  t h i s  is a  pu l se  t h a t  occurs  approximately 
20 sec  a f t e r  the v e h i c l e  t r a n s m i t t e r  is  turned o f f .  These have been i d e n t i -  
f i e d  with t he  time t h a t  t he  ground s t a t i o n  command t r a n s m i t t e r  ceases  send- 
ing  s-tones t o  the veh ic l e .  They a r e  i d e n t i f i e d  a s  Command Pulses  i n  
t a b l e  2. 

A second source of pu lses  is  t he  antenna switch i n  t he  VLF Analyzer. 
This  experiment is  housed i n  t he  same package a s  t h e  Pulse  Analyzer. When 
t h e  VLF antenna switches from the  magnetic antenna t o  t he  e l e c t r i c  antenna a  
pu l se  i s  de tec ted  on the  Pulse  Analyzer Command ~ i n e  Sensor. This pu l se  
occurs  once every 64 sec .  Since pu lses  a r e  synchronized t o  t he  v e h i c l e  
c lock  they can be r e a d i l y  i d e n t i f i e d  and they have been e l imina ted  from t h e  
d i s t r i b u t i o n s  in  t a b l e  2. 

The major i ty  of t h e  remaining pulses  l i s t e d  i n  t a b l e  2  occur dur ing  t h e  
e l e c t r o n  and ion beam ope ra t i ons .  

NATURAL CHARGING EVENTS 

Only 19 of t he  2557 pulses  cannot be a s s o c i a t e d  wi th  normal v e h i c l e  
commands o r  ion and e l e c t r o n  beam ope ra t i ons .  A summary of these  pu l se s  i s  
shown i n  t a b l e  3. Some of  these  pu lses  occurred du r ing  n a t u r a l  charging 
events  t h a t  have been s tud i ed  i n  d e t a i l .  

On 28 March, a  n a t u r a l  charging event  occurred dur ing  e c l i p s e .  This  
event  was unusual i n  t h a t  t he  s a t e l l i t e  was i n  t he  e a r t h ' s  shadow over  1000 
sec  before  an i n j e c t i o n  of ho t  plasma near  l o c a l  midnight charged the  vehi- 
c l e  nega t ive ly .  Figure 2  shows a  composite of  d a t a  from t h e  S a t e l l i t e  Sur- 
face  P o t e n t i a l  Monitors (SSPM), t h e  Pulse  Analyzer,  and t h e  e l e c t r o n  and ion 
d e t e c t o r s  on the Sheath E l e c t r i c  F i e ld  Experiment (SEFE). The SSPM and SEFE 
instruments  a r e  descr ibed i n  r e f e r ence  1. The d i f f e r e n t i a l  p o t e n t i a l  be- 
tween a  Kapton sample and the  veh ic l e  frame is p l o t t e d  a s  a func t ion  of  time 
i n  the  bottom panel. A t  t h e  time t h e  Kapton p o t e n t i a l  ab rup t ly  i nc reases  
from background t o  over one k i l o v o l t ,  t he  mean e l e c t r o n  energy inc reases  
from about one k i l o v o l t  t o  g r e a t e r  than 20 k i l o v o l t s .  About f i v e  minutes 
l a t e r  a  discharge was de t ec t ed  by the  Pulse  Analyzer. La t e r  a  second d i s -  
charge and a decrease i n  t h e  average Kapton p o t e n t i a l  occur red  as t h e  satel- 
l i t e  crossed the te rmina tor  from shadow i n t o  s u n l i g h t .  During t h i s  charging 
e v e n t ,  the  veh ic l e  frame increased  t o  --8000 V and maintained a  p o t e n t i a l  
near  -4000 V u n t i l  the  spacec ra f t  en te red  the  s u n l i g h t .  The da t a  i n  f i g -  



u r e  2 confirm t h a t  t he  spacec ra f t  charging induced by e n e r g e t i c  e l e c t r o n s  
produced s i g n i f i c a n t  d i f f e r e n t i a l  p o t e n t i a l s  and e l e c t r i c a l  d i scharges .  The 
low energy l i m i t  of t he  protons i n  f i gu re  2 r e p r e s e n t s  t h e  p o t e n t i a l  of t h e  
s p a c e c r a f t  frame r e l a t i v e  t o  t h e  plasma environment. This  is  seen t o  f luc-  
t u a t e  around --4 kV dur ing  t h e  charging event .  The p o t e n t i a l  between t h e  
Kapton sample and the  plasma i s  found by adding t h e  -4 kV of t he  s p a c e c r a f t  
frame t o  t h e  Kapton vol tage .  

On May 26, 1979 a  s e r i e s  of s i x  pu l se s  was de t ec t ed  by t h e  Pu l se  Analy- 
z e r  whi le  t he  v e h i c l e  was i n  sun l igh t .  These pu lses  occurred dur ing  the  
enhancement of  t he  d i f f e r e n t i a l  p o t e n t i a l  of a  Kapton sample on the  SSPM on 
t h e  end of t h e  v e h i c l e  (Fig.  3 ) .  A t  t h a t  time the  s p i n  a x i s  of t h e  v e h i c l e  
made an  ang le  of 90 deg with t h e  s u n - s a t e l l i t e  l i n e .  A t  t h a t  angle  t he  Kap- 
ton  sample is  shadowed by the vehic le  and i s  not  discharged by s u n l i g h t .  
The d a t a  from March 28 and May 26 demonstrate t he  c o r r e l a t i o n  of e i g h t  of 
t h e  19 pulses  wi th  d i f f e r e n t i a l  charging on t h e  veh ic l e .  These pu l se s  a r e  
assumed t o  be d i scharges .  These pulses  were undersampled i n  t h e  logar i thmic  
time spacing mode being used a t  t h e  time. Hence frequency information can- 
no t  be obtained from them. 

Most of t he  remaining pulses  occurred dur ing  time per iods  when t h e  Kap- 
ton  samples on the  S a t e l l i t e  Surface P o t e n t i a l  Monitors were charged. The 
ampli tude d i s t r i b u t i o n  of the  discharges is  shown i n  f i g u r e  4. The l o c a t i o n  
of t he  s a t e l l i t e  a t  t he  t ime these  pulses occurred i s  shown i n  f i g u r e  5 a s  a  
func t ion  of l o c a l  time and r a d i a l  d i s tance .    his d i s t r i b u t i o n  is  c e r t a i n l y  
c o n s i s t e n t  wi th  t he  l o c a l  t i m e  dependence of c i r c u i t  upse ts  on DoD and com- 
merc i a l  s a t e l l i t e s  ( r e f .  2 ) .  The data from June 1980 p l o t t e d  a t  a f te rnoon 
l o c a l  t imes i n  f i g u r e  5 demonstrate t h a t  d i scharges  can a l s o  occur on the  
day s i d e  of  t h e  e a r t h  fol lowing moderate substorms. 

The Boulder ~ e o m a g n e t i c  Substorm Log l i s t s  a  moderate substorm a t  0745 
UT on June 11, and a  second onse t  a t  2230 UT on June 11 followed by minor 
magnetic storm cond i t i ons  throughout t h e  day on June 12 and 13. 

ASPECT DEPENDENCE 

The s i x  d i scharges  de t ec t ed  on May 26 occurred a t  t h e  t ime r o t a t i o n a l  
phase of t h e  veh ic l e .  Since t he  veh ic l e  was i n  sun l igh t  t h i s  sugges ts  t h a t  
one l o c a t i o n  on the  v e h i c l e  was a rc ing .  Presumably t h i s  would occur when 
t h e  p o t e n t i a l  d i f f e r e n c e  suddenly increased a s  m a t e r i a l  on one s i d e  of  t h e  
a r c  was discharged by photocurrent  as i t  passed i n t o  s u n l i g h t .  

I n  o rde r  t o  determine i f  discharges on o the r  da t e s  occurred a t  t he  same 
r o t a t i o n a l  phase t he  azimuth and e l eva t ion  of  t h e  sun i n  s p a c e c r a f t  coordi-  
n a t e s  was c a l c u l a t e d  f o r  a number of o t h e r  d i scharges .  The r e s u l t s  a r e  tab- 
u l a t e d  i n  t a b l e  4 and the  d i r e c t i o n  t o  t h e  sun f o r  t he se  d i scharges  i s  shown 
on a  schematic  of t h e  v e h i c l e  i n  f igure  6. There is  a  l a r g e  s c a t t e r  i n  t h e  
d a t a  implying t h a t  t he  l o c a t i o n  and mechanism descr ibed  above f o r  t h e  May 26 
d ischarges  a r e  no t  t h e  same f o r  t h e  o thers .  The sun does tend t o  be 180 deg 
from t h e  magnetometer boom suggest ing t h a t  t h i s  boom plays  a  r o l e  i n  a  s i g -  
n i f i c a n t  number of t h e  d i scharges .  NASCAP models of t he  SCATHA s a t e l l i t e  



show t h e  l a r g e s t  d i f f e r e n t i a l  p o t e n t i a l s  o c c u r  a t  t h e  booms ( N .  John Stev- 
e n s ,  p r i v a t e  communication, 1980).  

FREQUENCY SPECTRUM 

Five  d i s c h a r g e  p u l s e s  have been d e t e c t e d  w i t h  t h e  p u l s e  a n a l y z e r  i n  a  
mode of  o p e r a t i o n  w i t h  a  l i n e a r  sample s p a c i n g  of  15  nanoseconds.  I t  can  
t h e n  be used t o  measure t h e  dominant f requency components i n  each  p u l s e .  A 
computer f i t  of t h e  f u n c t i o n a l  form 

-k t v = v  + x v .  e i c o s  ( 2 ~ f ~ t + + ~ )  
0 1 

was made t o  the  s i x t e e n  sample p o i n t s .  The pa ramete r s  g i v i n g  t h e  b e s t  f i t  
i n  t h e  l e a s t  squares  s e n s e  a r e  shown i n  t a b l e  5. For h i g h l y  damped wave- 
forms a  decaying e x p o n e n t i a l  term was a l s o  i n c l u d e d  i n  t h e  sun.  The d a t a  
and f i t s  a r e  shown i n  f i g u r e s  7 and 8.  The p u l s e s  a r e  q u i t e  d i f f e r e n t  w i t h  
dominant f r e q u e n c i e s  from 5  t o  32 MHz and peak a m p l i t u d e s  from 0.08 t o  
0.89 V. 

To d a t e  too few n a t u r a l  d i s c h a r g e  p u l s e s  have been found t o  a d e q u a t e l y  
c h a r a c t e r i z e  the d i s c h a r g e s  f o r  t h e  purpose  o f  v a l i d a t i n g  d i s c h a r g e  coup- 
l i n g  models and ground-based d i s c h a r g e  t e s t s  u s i n g  s c a l e - s i z e d  models o f  t h e  
SCATHA s a t e l l i t e .  

P u l s e s  a r e  a l s o  d e t e c t e d  d u r i n g  normal v e h i c l e  o p e r a t i o n s  and e l e c t r o n  
and i o n  beam o p e r a t i o n s .  

On March 23, 1980, t h e  P u l s e  Analyzer  d e t e c t e d  a  p u l s e  a t  1411:36 UT 
d u r i n g  e l e c t r o n  beam o p e r a t i o n s  a t  1.5 kV 1 ma. A t  1424:20 UT a  p u l s e  due 
t o  t h e  au tomat ic  a n t e n n a  s w i t c h  i n  t h e  VLF exper iment  was d e t e c t e d .  Both 
p u l s e s  were measured on t h e  command s e n s o r  l i n e  i n  t h e  h i g h  r e s o l u t i o n  
mode. A computer f i t  was made t o  t h e  p u l s e  s h a p e s  o f  t h e s e  p u l s e s  i n  o r d e r  
t o  compare them w i t h  t h e  d i s c h a r g e  r e l a t e d  p u l s e s ;  The pa ramete r s  g i v i n g  
t h e  b e s t  f i t  a r e  shown i n  t a b l e  6. 

For t h e  pu l se  d u r i n g  e l e c t r o n  gun o p e r a t i o n s  t h a t  b e s t  f i t  was o b t a i n e d  
f o r  two f r e q u e n c i e s .  One o f  t h e  two f r e q u e n c i e s  showed a  s l i g h t  growth r a t e  
w h i l e  t h e  o t h e r  w a s  s l i g h t l y  damped. The p u l s e  shape  i s  shown i n  f i g u r e  9. 
I b e l i e v e  t h a t  t h e  a p p r o p r i a t e  c o n c l u s i o n  i s  t h a t  t h e  damping is  v e r y  s m a l l  
and t h a t  t h e  data  s e t  i s  t o o  s h o r t  t o  d e t e r m i n e  t h e  damping c o e f f i c i e n t .  

For t h e  antenna s w i t c h  p u l s e  t h e  b e s t  f i t  was a g a i n  o b t a i n e d  f o r  two 
f r e q u e n c i e s  . The f r e q u e n c i e s  d i f f e r  s i g n i f i c a n t l y  from t h o s e  o b t a i n e d  f o r  
t h e  e l e c t r o n  beam p u l s e  and t h e  n a t u r a l  d i s c h a r g e s .  The an taenna  s w i t c h  
p u l s e  i s  shown i n  f i g u r e  9. 



REFERENCES 

1 .  S tevens ,  J .  R . ,  and Varnpola, A .  L . :  Descripton o f  the  Space T e s t  Pro- 
gram P78-2 Spacecraft  and Payloads, SAMSO TR-78-24, 1978. 

2 .  McPherson, D .  A . ;  Cauffman, D .  P . ;  and Schober, W .  R . :  Spacecraft  Charg- 
i n g  a t  High A l t i t u d e s :  SCATHA S a t e l l i t e  Program, J .  Spacecraft  and Rock- 
e t s ,  Vol.  1 2 ,  No. 10 ,  Oct.  1975,  pp. 621-626. 

Table 1 

PULSE ANALYZER SETTINGS 

THRESHOLDS 1 
Pulae Analyaia, volta 

Countrate CRO, volta 

Countrate CRI. volta 

Countrate CR2, volta 

Countrate CR3, volt8 

ulse Analyaia Range. 
volts 

Time State r 

TIME PERIOD 

3/14/00 - date 



Table 2 

7 9  FEB 

MAR 

A P R  

MAY 

JUK 

JUL 

A UC 

SEP 

OC7 

NOV 

DEC 

' 80 JAY 

A P F  

JUN 

DISTRIBUTION O F  PULSES DETECTED 

BY THE PULSE ANALYZER 

THRESHOLD 

VOLTS 
TOTAL 
?ULSE! 

15 

66 

519 

660 

4 8 

2 38 

328 

3 3 

46 

2 4  

7 4  

134 

2 19  

101 

1 

4 1 

COMMAND 
PULSES 

3LECTROb 
BEAM 

PULSES 

0 

175 

10 

148 

- 
3 3 

ION 
3 EAtw 
'W 

DIS- 
HARCE 
'ULSE! 



DATE 

28 MAR 79 

28 MAR 79 

14 APR 79 

18 APR 79 

30 APR 79 

26 MAY 79 

26 MAY 79 

26 MAY 79 

26 MAY 79 

26 MAY 79 

26 MAY 79 

9 AUG 79 

18 SEP 79 

24 JAN 80 

16 APR 80 

I3 JUN 80 

13 JUN 80 

I4 JUN 80 

20 JUN 80 

SECONDS 

Table 3 

SUMMARY OF DISCHARGES 

LOCAL TIME 

HOURS 

RADIUS 

EARTH RADII VOLTS 

-1725 

- 1689 

NONE 

COMMENTS 

ELECTRON INJECTION 

UMBRAL EXIT + 50 SEC 

EC LLPSE 

ONE SAMPLE t 0 (0. Zv) 

) SAME SPIN PHASE 

UMBRAL EXIT + 92 SE( 



DATE 

28 MAR 79 
28 MAR 79 

14 APR 79  

18 APR 79  

30 APR 79 

26 MAY 79 

26 MAY 79 

26 MAY 79 

26 MAY 79 

26 MAY 79 

26 MAY 79 

9 AUC 79 

Table 4 

SOLAR DIRECTION IN SATELLITE COORDINATES 

AT TIME O F  PULSE 

SECONDS 
ELEVATION 1 

DEC 
AZIMUTH * 

DEC 

1 9 . 4  

1 2 . 6  

9 1 . 5  

307 .9  

287 .2  

2 6 5 . 4  

2 6 3 . 8  

264 .5  

2 6 1 . 3  

2 6 4 . 3  

2 6 6 . 6  

5 1 . 5  

:::Measured counterclockwise f rom tz axis  in spacecraf t  coordinate s y s t e m .  



Table 5 

NATURAL DISCHARGE FITTING PARAMETERS 

-- 
Sensor  

CMD 

Line 

Dipole 

3arness  

Wire 

Dipole 

Dipole 

Frequency - 

1 

Date 

1 /24/8O 

4/16/80 

6/13/80 

6/14/80 

6/20/80 

Amplitude 

volts  

UT 

S e c o n d s  

03082 

22281 

06750 

09770 

201 32 

Damping 

- n s - I  

Phase  

deg 

112 

- 3 

2 9 

173 

175 

- 66 

103 

79 

21 

Table 6 

PULSE FITTING PARAMETERS 

DATE 

3/23/80 

ELECTRON GUN PULSE 

U.T 
' Secondr 

VLF ANTENNA PULSE 

3/23/80 

" 
Frequency 

MHz 

51096 

CMD 

Line 

51860 

0 

1 

2 

CMD 

Line 

Amplitude 

volts 

0 

1 

2 

14.1 

26.4 

Damping 
nr-' 

9.0 

16.0 

-0.003 

0.089 

0.140 

Phar e 

deg 

+ 3 . 5 7 . ~  182.4 

-1.32 x 10- 3 
46.9 

6.007 

0.397 

0.135 

+- 

3.67 x 10" 

3.95 x 10- 3 
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A4029 

A 
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m. 

INCREASINGOJ 
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TIM 
INTERFACE 
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Figure 2 

488 

I W ~ O N  -1000- 
VOLTAGE 
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- 
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