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To fu r the r  the  understanding of 
the  phenomena a s soc i a t ed  with e lec-  
t r o s t a t i c  charging of s a t e l l i t e s ,  
the U.S. A i r  Force and N.A.S.A. have 
undertaken a  j o in t  program c a l l e d  
" S a t e l l i t e  Charging a t  the High A l -  
t i t u d e s "  (SCATHA). The program ad- 
dresses  a  problem of g rea t  concern 
t o  agencies which opera te  s a t e l -  
l i t e s ,  the  occurence of e l e c t r o s t a t -  
i c  discharges thought capable of 
causing various undes i rab le  e f f e c t s  
inc luding  d e l e t e r i o u s  t r a n s i e n t s  i n  
e l e c t r o n i c  c i r c u i t s  on s a t e l l i t e s  
( s e e  Ref. 1). The program's P78-2 
s a t e l l i t e  c a r r i e s  instruments  on a  
near ly  geosynchronous o r b i t  t o  moni- 
t o r  t h e  high a l t i t u d e  plasma envi- 
ronment and t o  study the  e f f e c t s  of 
the  i n t e r a c t i o n  of t h i s  environment 
with t h e  o r b i t i n g  s a t e l l i t e .  One of 
these instruments is  the SRI Transi-  
e n t  Pu l se  Monitor (TPM) which de- 
t e c t s  and c h a r a c t e r i z e s  the t r a n s i -  
e n t  e lectromagnet ic  s i g n a l s  induced 
i n  se lec ted  c i r c u i t s  i n s i d e  the  P78- 
2 (Ref. 2, 3).  As a  t r a n s i e n t  de- 
t e c t o r ,  the TPM serves  s e v e r a l  pur- 
poses: it records the  occurence of 
t r a n s i e n t  s igna l s ,  i t  i n d i c a t e s  t he  
number of t r a n s i e n t s  observed, and 
it gives the peak amplitude of t he  
l a r g e s t  t r a n s i e n t  dur ing  each se- 
cond's i n t e rva l .  I n  recording t h e  
times of t r a n s i e n t  occurrences,  the  
TPM a l e r t s  i n v e s t i g a t o r s  t o  per iods  
during which environmental f a c t o r s  

could have caused e l e c t r i c a l  upse ts  
w i th in  the  spacecraf t .  By measuring 
t h e  i n t e n s i t y  and amplitude charac t -  
e r i s t i c s  of t he  t r a n s i e n t s  induced 
i n  t h e  i n t e r n a l  c i r c u i t r y ,  t he  TPM 
empir ica l ly  i n d i c a t e s  the  k inds  of 
e l e c t r i c  t r a n s i e n t s  t o  which space- 
c r a f t  systems may be subjec ted .  

The TPM d e t e c t s  and charac te r -  
i z e s  a l l  t r a n s i e n t s  induced i n  fou r  
s e l e c t e d  c i r c u i t s  w i th in  the  P78-2 
inc luding  t r a n s i e n t s  generated by 
swi tch ing  of i n t e r n a l  e l e c t r i c a l  
c i r c u i t s  of t he  spacec ra f t  and by 
e l e c t r o s t a t i c  d i scharg ing  on t h e  
ou t s ide  of the  c r a f t .  I n  gene ra l ,  
most of t he  e a r l y  da t a  from the  TPM 
conta in  pulses  a s soc i a t ed  wi th  in-  
t e r n a l  e l e c t r i c a l  a c t i v i t y .  The da- 
t a  a l s o  con ta in  evidence of e l e c t r o -  
s t a t i c  charging on the  su r f ace  of 
t he  P78-2. A very s i g n i f i c a n t  f ind-  
i ng  from a n a l y s i s  of e a r l y  da t a  i s  
t h a t  per iods of e x t e r n a l  d i scharg ing  
do not  n e c e s s a r i l y  co inc ide  wi th  
periods i n  which high p o t e n t i a l s  a r e  
measured on the  s a t e l l i t e ' s  sur face .  

TPM OPERATION 

The TPM, descr ibed  i n  Refer- 
ences 2 and 3,  has  . four  s enso r s  
which run from var ious  l o c a t i o n s  in- 
s i d e  the  s a t e l l i t e  t o  a  process ing  
u n i t .  Two sensors  measure the  t ran-  
s i e n t  s i g n a l s  induced i n  a  p a i r  of 



s p e c i a l l y  i n s t a l l e d  wires  which run 
i n  an  i n t e r n a l  Faraday cage contain- 
i ng  t h e  command d i s t r i b u t i o n  
wires. One of these  instrumented 
wires is terminated with a high im- 
pedance (High-Z channel),  the other  
w i th  a  low impedance (Low-Z 
channel).  The o the r  two sensors 
measure the  s i g n a l s  induced i n  two 
s e l e c t e d  wires  of t he  r egu la r  space- 
c r a f t  c i r c u i t r y .  The f i r s t  wire 
connects the  s o l a r  a r r a y  t o  the po- 
wer condi t ion ing  u n i t  (Array chan- 
ne l ) .  The second wire  is the 
" s i n g l e  point"  ground lead  from the 
power condi t ion ing  u n i t  (Ground 
channel) ( s ee  F igure  1). The TPM 
processing u n i t  monitors the four 
sensors  cont inuously and, during each 
second i n d i c a t e s  t he  negat ive  and 
p o s i t i v e  peak pulse  amplitudes of 
the  pulses  t h a t  occur wi th in  tha t  
one-second i n t e r v a l .  It a l s o  indi- 
c a t e s  t he  i n t e g r a l  of the  observed 
t r a n s i e n t  s i g n a l  over t he  one second 
i n t e r v a l ,  and counts  t he  number of 
times the  s i g n a l  exceeds a prese t  
th reshold  during the  second. For a  
more d e t a i l e d  d e s c r i p t i o n  of TF'M op- 
e r a t i o n  see  References 4 and 5. 

DATA ANALYSIS 

I n  o r b i t ,  t he  TPM records a  
l a r g e  number of t r a n s i e n t  pu lses  ev- 
ery day. T rans i en t s  generated by 
i n t e r n a l  e l e c t r i c a l  opera t ion  ac- 
count f o r  t h e  major i ty  of these 
pulses.  A s  examples, a  clocking 
pulse  produces pe r iod ic  g l i t c h e s  on 
t h e  High-Z and Low-Z channels;  auto- 
matic switching on the  power condi- 
t i o n i n g  u n i t  causes random pulses  on 
the  Array and Ground channels; and, 
responses t o  c e r t a i n  commands issued 
from ground s t a t i o n s  t o  t he  sa t e l -  
l i t e  cause noise  pu l se s  on various 
monitored channels. I n  the  da ta  ani 
a l y s i s  so  f a r  i t  has not been pos- 
s i b l e  t o  devise a  scheme f o r  unequi- 
voca l ly  i d e n t i f y i n g  and el iminat ing 

a l l  of t h e  random t r a n s i e n t s  t h a t  
power condi t ion ing  a c t i v i t y  induces 
i n  t he  Array and Ground sensors .  

However, a  method has been 
found t o  i d e n t i f y  and e l imina te  t he  
i n t e r n a l l y  generated pulses  observed 
on t h e  High-Z and Low-Z sensors  ( s ee  
Ref. 6) .  Two t r a i t s  c h a r a c t e r i z e  
t h e  pulses  which remain a f t e r  t h i s  
e l imina t ion:  they appear simultane- 
ously on a t  l e a s t  the  High-Z and 
Low-Z peak amplitude sensors ,  and 
they a r e  e l e c t r i c a l l y  b i p o l a r  on 
these  two channels. Since no iden- 
t i f i a b l e  i n t e r n a l  t r a n s i e n t s  cause 
pulses  of t h i s  type, i t  has been 
concluded t h a t  the  pulses  r e s u l t  
from e l e c t r o s t a t i c  discharges on t h e  
spacec ra f t .  The f a c t  t h a t  s e v e r a l  
of t hese  Tm discharge d e t e c t i o n s  
have coincided with d ischarges  mea- 
sured by the  SC1-8B t r a n s i e n t  detec- 
t o r  on the  e x t e r i o r  of t he  P78-2 
suppor ts  the  v a l i d i t y  of t he  in t e rn -  
a l -pulse  e l imina t ion  technique and 
the  claim t h a t  the  s e l e c t e d  pu l se s  
do, i n  f a c t ,  r e s u l t  from e l e c t r o s t a -  
t i c  d i scharges  on the  e x t e r i o r  of 
t h e  s a t e l l i t e .  

I n  comparing the TPM r e s u l t s  t o  
o the r  t r a n s i e n t  d i scharge  da ta ,  i t  
is i n t e r e s t i n g  t o  note t h a t  t he  1973 
predecessor  t o  the TPM on another  
geosynchronous s a t e l l i t e  ( s ee  Refs. 
2  and 7)  recorded a  d iu rna l  d i s t r i -  
bu t ion  of discharge t r a n s i e n t s  very 
s i m i l a r  t o  t he  d i s t r i b u t i o n  seen by 
t h e  TPM on the  P78-2. Figure 2 
shows t h e  d i u r n a l  d i s t r i b u t i o n  of 
e x t e r n a l  t r a n s i e n t  pu lse  occurences 
from about f o r t y  days of TPM data .  
The d i s t r i b u t i o n  i n  both e c l i p s e  and 
non-eclipse o r b i t s  demonstrates a  
tendency f o r  discharges t o  occur i n  
the  n ight  time hours ( s a t e l l i t e  Loc- 
a l  Time), e s p e c i a l l y  a f t e r  
midnight. Although d ischarges  mea- 
sured  on the  1973 s a t e l l i t e  were 
measured on the veh ic l e ' s  e x t e r i o r ,  



they show the  same d i u r n a l  grouping 
of pu lses  i n  t he  midnight period. 
From the  data  analyzed so  f a r ,  t h e  
TPM senses a da i ly  average of two o r  
t h r e e  pulses  a t t r i b u t a b l e  t o  d is -  
charges. 

On severa l  days i n  1979 the re  
were s h o r t  periods i n  which l a r g e  
numbers of discharges occured. On 
days 118, 119, and 120 the per iods  
of high discharge a c t i v i t y  coincided 
wi th  or  followed s h o r t l y  a f t e r  sa- 
t e l l i t e  e c l i p s e  periods. However, 
o the r  highly a c t i v e  days, such a s  
days 136, 140, and 146, were a f t e r  
t h e  Spring,  1979 e c l i p s e  season. 
F igu re  3 shows the TPM da ta  record 
of the e a r l y  pa r t  of the  f i r s t  com- 
mand se s s ion  of day 146 on which se- 
v e r a l  discharges took place. The 
Figure  shows a l l  f i v e  channels of 
da t a  generated by each of the four  
s enso r s  t h e  TPM monitors f o r  f o r t y  
minutes of time. Above the TPM da ta  
a t  t he  top of the Figure a r e  f i v e  
rows of t i c k s  i n d i c a t i n g  issuance of 
c o n t r o l  commands t o  t he  s a t e l l i t e  
and showing unedited SCl-8 t r a n s i e n t  
d e t e c t o r  responses ; t h e  r egu la r  
t i c k s  below the TPM data  a r e  minute 
marks i n  ea r th  time. The very top 
row of t i c k s  shows the times t h a t  
commands were issued from a ground 
s t a t i o n .  Each of t he  o the r  top four  
rows presents  the  output of one of 
the  four  sensors assoc ia ted  with the  
SC1-8 t r a n s i e n t  de tec tor .  From top 
t o  bottom, these a r e  a sensor  on a 
d i g i t a l  command l i n e ,  on a harness  
wire ,  looped around the command d i s -  
t r i b u t i o n  wires ( t he re  a r e  no t i c k s  
f o r  t h i s  row i n  t h i s  p a r t i c u l a r  ex- 
ample), and a t  the end of a two 
meter boom (see Ref. 8). A t i c k  on 
one of t hese  rows corresponds t o  a 
non-zero datum a t  t h s t  time f o r  one 
of t he  four  sensors. A s  wi th  the 

TPM, many of the  SC1-8 pulses  cor- 
respond t o  i n t e r n a l  e l e c t r i c a l  
switching. 

Under the  f i v e  rows of t i c k s  
a r e  t h ree  l i n e s  of da ta  f o r  each TPM 
sensor  (twelve l i n e s  t o t a l ) .  The 
top l i n e  of each s e t  of t h r e e  l i n e s  
i n d i c a t e s  the  peak amplitude of , t he  
l a r g e s t  pu lse  during each second's  
i n t e r v a l  f o r  both p o s i t i v e  and nega- 
t i v e  s igna l s ;  t h e  next l i n e  down 
g ives  the  i n t e g r a l  value of the  pos- 
i t i v e  and the negat ive  pulses  over a 
second's  per iod;  and, t he  bottom 
l i n e  shows the  number of t imes t h e  
p r e s e t  th reshold  was exceeded during 
the same second. The s c a l e s  f o r  
each channel a r e  shown on t h e  
l e f t .  The High-Z and Low-Z senso r s  
measure induced vol tages  on t h e  in- 
t e r n a l  command wires  and the  Array 
and Ground sensors  measure the cur- 
r e n t s  induced i n  loops around t h e  
wi re s  they monitor. Hence the  peak 
amplitude s c a l e s  a r e  i n  v o l t s  and 
amperes and t h e i r  i n t e g r a l s  a r e  i n  
volt-microseconds and ampere-micro- 
seconds, respec t ive ly .  Beneath the 
data  a r e  minute and ten-minute t i c k s  
i n  e a r t h  time, a s  we l l  a s  the  begin- 
ning and ending times of the  p l o t  i n  
both Universal  Time (UT) and s a t e l -  
l i t e  Local Time. 

The nine small  b ipo la r  pu lses  
labe led  one through nine i n  Figure 3 
s t a r t i n g  a t  about 0:42 UT on the  
High- and Low-Z peak channels ind i -  
c a t e  e x t e r n a l  e l e c t r o s t a t i c  d i s -  
charges occurr ing  l a t e  i n  t h e  f i r s t  
hour of t he  day. Four of t h e  pulses  
measured by the TPM on day 146, t h e  
second, t h i r d ,  seventh and n i n t h  
pulses ,  occured simultaneously wi th  
pu l se s  recorded by the  SCl-8B. The 
second and seventh pulses  occured 
when the  SC1-8 was monitoring i t s  



o u t s i d e  sensor.  These a r e  two of 
the  pulses  which both the  TPM and 
t h e  SC1-8 have i d e n t i f i e d  indepen- 
den t ly  a s  r e s u l t i n g  from ex te rna l  
discharging.  It should be noted 
t h a t ,  because the  e l e c t r i c  coupling 
from t h e  e x t e r i o r  of t he  s a t e l l i t e  
through the frame t o  the  sensors  i s  
n o t  known a t  t h i s  t i m e ,  it i s  not 
poss ib l e  t o  es t imate  the  amplitude 
of t he  discharges these  pulses  re- 
present .  They do g ive  some idea  of 
t h e  magnitudes and r a t e s  of occur- 
rence of t he  e l e c t r i c a l  t r a n s i e n t s  
observed i n  a wel l-shielded port ion 
of t h i s  p a r t i c u l a r  veh ic l e  during a 
per iod  of f requent  e l e c t r o s t a t i c  
discharge. Usually the High-Z sen- 
s o r  measures up t o  one-half v o l t  and 
the  Low-Z sensor measures up t o  f i v e  
v o l t  peaks during d ischarg ing  ac t iv -  
i t y .  Background a c t i v i t y  i n  Figure 
3 t y p i f i e s  the  condi t ions  observed 
i n  per iods  of normal s a t e l l i t e  oper- 
a t i on .  I n  s p i t e  of t he  l a r g e  number 
of pu lses  a t t r i b u t e d  t o  e x t e r n a l  
d i scharges  on day 146, i t  is i n t e r -  
e s t i n g  t o  note  t h a t  the  p o t e n t i a l s  
measured on the  spacec ra f t  were only 
i n  t h e  few hundred v o l t  range on 
t h i s  day. 

On day 43, which was one of the 
year  1979's q u i e t e s t  days geomag- 
n e t i c a l l y  , t h e  TPM recorded two 
pulses  ( see  Table 1) .  This  Table i s  
a raw da ta  t a b u l a t i o n  of t h e  puse 
amplitudes observed on each sensor 
by the  TPM and the  t i m e  when the 
pulses  occurred. I n  the  1973 s a t e l -  
l i t e  da ta ,  a s t rong  c o r r e l a t i o n  be- 
tween geomagnetic a c t i v i t y  and the 
frequency of d i scharges  w a s  observed 
(Ref. 71, but it w a s  a l s o  found t h a t  
d i scharges  occurred even on undis- 

tu rbed  days. The TPM da ta  f o r  day 
43 aga in  shows t h a t  d i scharges  do 
occur  on "quiet"  days. 

Day 120, the  l a s t  day of P78- 
2 ' s  sp r ing  e c l i p s e  season f o r  1979, 
has  t he  longes t  sus t a ined  period of 
d i scharges  seen by t h e  TPM i n  the  
d a t a  analyzed so  f a r  ( see  Table 
2). The pu l se s  on Day 120 f a l l  i n t o  
two main c l u s t e r s .  The f i r s t  c l u s t -  
e r  occurs  j u s t  a f t e r  the  penumbral 
e c l i p s e  a t  midnight Local Time and 
t h e  o the r  a f t e r  about t h ree  i n  the  
morning Local  Time. This  second 
c l u s t e r  seems t o  correspond with a 
s a t e l l i t e  charging event,  but aga in  
t h e  charging was only i n  t h e  seve ra l  
hundred v o l t  range. 

I n  c o n t r a s t ,  when the  poten- 
t i a l s  measured on the s a t e l l i t e  on 
day 114 reached the  s e v e r a l  k i lo -  
v o l t s  l e v e l ,  the  TPM recorded no 
discharges.  On most o the r  days when 
l a r g e  p o t e n t i a l s  were measured, t he  
TPM, wi th  few except ions,  a l s o  indi-  
ca ted  l i t t l e  a c t i v i t y .  One excep- 
t i o n  was day 113 on which the TPM 
measured d ischarges  a t  about t h e  
same t i m e  t he  spacec ra f t  was a t  a 
p o t e n t i a l  of one k i l o v o l t .  General- 
l y ,  though, discharge a c t i v i t y  is no 
more l i k e l y  during per iods  of h igh  
measured s a t e l l i t e  frame p o t e n t i a l s  
than it i s  during periods of low 
measured p o t e n t i a l s .  

The r e l a t i o n  of t r a n s i e n t s  re- 
corded by the  TPM t o  spacec ra f t  s p i n  
o r i e n t a t i o n  has not been e s t a b l i s h e d  
d e f i n i t e l y .  Some of the  da t a  sug- 
ges t  t h a t  pu lses  of l i k e  ampli tudes 
might be occuring wi th  a p e r i o d i c i t y  
corresponding approximately t o  t h e  

* It should be noted t h a t ,  un l ike  the TPM, t he  SC1-8 system does not  
cont inuously monitor a l l  of i ts sensors. In s t ead  the  processing e l e c t r o n i c s  
is  p e r i o d i c a l l y  switched from sensor t o  sensor.  Thus the  same pulse  is never 
i nd ica t ed  on more than one SCl-8 channel. 



one minute spin  p e r i o d  of P78-2. I f  
t h i s  i s  t r u e ,  it would i n d i c a t e  t h a t  
some of t h e  d i scharge  a c t i v i t y  could 
be a s s o c i a t e d  w i t h  s p e c i f i c  space- 
c r a f t  geometries and p o s i t i o n s  r e l a -  
t i v e  t o  t h e  f l u x  of photons from t h e  
sun. A more thorough a n a l y s i s  of 
t h e  d i scharges  and t h e  s p i n  o r i e n t a -  
t i o n s  i s  needed b e f o r e  t h i s  r e l a -  
t i o n s h i p  can be v a l i d a t e d .  Over t h e  
span of s e v e r a l  a c t i v e  d i s c h a r g e  
p e r i o d s ,  however, no g e n e r a l  s p i n  
dependency has been observed. T h i s  
i s  a  depar tu re  from t h e  g e n e r a l  cor-  
r e l a t i o n  of s p i n  o r i e n t a t i o n  and 
d i s c h a r g e  occurrence observed by t h e  
SRI p u l s e  count ing ins t rument  flown 
i n  1973 ( s e e  Ref. 7 ) .  

CONCLUSIONS 

On t h e  average ,  t h e  TPM ob- 
s e r v e s  two to  t h r e e  p u l s e s  per  day 
which can be a t t r i b u t e d  t o  d i s -  
charges  on the e x t e r i o r  of t h e  P78-2 
space v e h i c l e .  The d i s c h a r g e s  t end  
t o  occur  i n  s p u r t s ,  wi th  an hour o r  
two of d i scharg ing  a c t i v i t y  fol lowed 
by s e v e r a l  days of q u i e t .  General -  
l y ,  the  pu l ses  occur  i n  t h e  l a t e  
n i g h t  and morning per iods .  So f a r  
t h e r e  has  been l i t t l e  c o r r e l a t i o n  
between t h e  p o t e n t i a l s  measured on 
t h e  s a t e l l i t e  frame and d i s c h a r g e  
a c t i v i t y .  This i n d i c a t e s  that t h e  
charg ing  processes  t h a t  l e a d  t o  h i g h  
frame p o t e n t i a l s  a r e  not  n e c e s s a r i l y  
t h e  ones that l e a d  t o  t h e  g e n e r a t i o n  
of d i scharges .  I n  a d d i t i o n ,  TPM da- 
t a  analyzed thus f a r  seems devoid of 
t h e  g e n e r a l  c o r r e l a t i o n  between s p i n  
o r i e n t a t i o n  and d i s c h a r g e  occurence 
which had been observed i n  1973 on 
a n o t h e r  high a l t i t u d e  satel l i te .  
T h i s  sugges t s  t h a t  s p a c e c r a f t  d i s -  
charge  a c t i v i t y  depends i n  l a r g e  
p a r t  upon the d e s i g n  and cons t ruc-  
t i o n  of each i n d i v i d u a l  c r a f t .  

The TPM o p e r a t i n g  on t h e  P78-2 
s a t e l l i t e  i s  add ing  t o  t h e  under- 

s t a n d i n g  of t h e  e l e c t r o s t a t i c  d i s -  
charge phenomenon on h igh  a l t i t u d e  
s p a c e c r a f t .  A s  a  piggyback i n s t r u -  
ment i t  r e p r e s e n t s  a  c o s t  e f f e c t i v e  
manner of g a t h e r i n g  e m p i r i c a l  d i s -  
charge da ta .  From t h e  d a t a  ana lyzed  
s o  f a r ,  t h e  TP?.I has  shown t h e  times 
of occurence and ampl i tudes  of e l e c -  
t r i c a l  t r a n s i e n t s  caused by e l e c t r o -  
s t a t i c  d i s c h a r g e s  on t h e  P78-2 sa-  
t e l l i t e ,  a  w e l l  s h i e l d e d  space ve- 
h i c l e .  The d a t a  a l s o  appear  t o  in-  
d i c a t e  t h a t  c e r t a i n  c h a r a c t e r i s t i c s  
of t h e  d i s c h a r g e s  may be d i f f e r e n t  
from one c r a f t  t o  t h e  next.  Gener- 
a t i n g  and a n a l y z i n g  more d a t a  of t h e  
g e n e r a l  k ind produced by t h e  TF?l on 
s a t e l l i t e s  of d i f f e r e n t  geomet r ies  
and c o n s t r u c t i o n s  w i l l  h e l p  t o  pro- 
v i d e  s p a c e c r a f t  e n g i n e e r s  w i t h  t h e  
i n f  ormat i o n  needed t o  d e s i g n  s a t e l -  
l i t e s  t o  w i t h s t a n d  e l e c t r i c  sys tem 
u p s e t s  caused by e l e c t r o s t a t i c  d i s -  
charges .  
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