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SUMMARY 

The near-geosynchronous o r b i t  of  t he  P78-2 (SCATHA) sate1 1 i t e  i s  i dea l  
f o r  extending s tud ies  o f  processes e a r l i e r  detected by the  se r ies  o f  geo- 
synchronous vehic les.  SCATHA's apogee and perigee are  5.5 and 7.7 Re and 
the  l a t i t u d i n a l  d r i f t  i s  6" per  day. This a l lows SCATHA t o  sweep through 
t h e  geosynchronous reg ion  and sample t h e  magnetospheric environment over a 
widened range o f  l a t i t u d e  and distance from the  earth. A survey o f  the  
n i g h t s i d e  p a r t i c l e  environment as observed by the  AFGL Rapid Scan P a r t i c l e  
Detec tor  f requen t l y  shows la rge ,  sudden simultaneous changes i n  t h e  f l uxes  
o f  e lec t rons  and protons w i t h  energies above 50 keV which we r e f e r  t o  as 
dropouts. An i n t e r e s t i n g  f e a t u r e  o f  SCATHA dropouts i s  t h e  quas iper iod ic  
behavior o f  t h e  p a r t i c l e  f l u x  amplitudes which o f t e n  vary w i t h  a pe r iod  o f  
t he  order  o f  15 minutes both du r ing  the  dropout and a f t e r  t he  return.  A 
f l u x  r e t u r n  du r ing  e c l i p s e  caused a major spacecraf t  charg ing event o f  
several  k i l o v o l t s .  Our observat ions are  compared w i t h  those repor ted  f o r  
o ther  geosynchronous s a t e l l i t e s .  I n  agreement w i t h  ATS-5, we f i n d  a marked 
dependence i n  t h e  frequency o f  occurrence due t o  an e f f e c t  o f  t h e  o r b i t .  
ATS-5 experienced few dropouts dur ing q u i e t  geomagnetic cond i t ions .  How- 
ever, f o r  an L s h e l l  g rea ter  than seven, SCATHA p a r t i c l e  dropouts occur 
r o u t i n e l y  d u r i n g  q u i e t  cond i t ions .  Thus, f o r  SCATHA's o r b i t ,  both the  
o r b i t a l  p o s i t i o n  and geomagnetic condi t ions must be taken i n t o  account i n  
eva lua t i ng  t h e  p o t e n t i a l  hazard o f  f l u x  returns.  

This work was supported i n  p a r t  by A i r  Force Geophysics Laboratory 
Contract  F19628-79-C-0031. 



INTRODUCTION 

On t h e  n i g h t  s i d e  o f  t h e  e a r t h  i n  geosynchronous o r b i t ,  t h e r e  a r e  
f requent  sudden d i  sappearances and reappearances of f 1  uxes o f  e l e c t r o n s  
and - ions  i n  t h e  E > 50 keV energy range (Lezniak and Winck ler ,  1970, 
Bogot t  and Mozer, 1973, Walker e t  a l ,  1976). These f l u x  changes, c a l l e d  
dropouts,  a re  u s u a l l y  asc r i bed  t o  t h e  s a t e l l i t e s  e x i t i n g  and r e e n t e r i n g  t h e  
reg ion  o f  h igh energy t rapped p a r t i c l e s  t h a t  c h a r a c t e r i z e  t h i s  p a r t  o f  t h e  
magnetosphere. 

Here we a r e  p r i m a r i l y  concerned w i t h  t h e  occurrence o f  these  p a r t i c l e  
dropouts as exper ienced by P78-2 (SCATHA) i n  a  near-geosynchronous o r b i t .  
T r a n s i t i o n s  between reg ions  o f  such h i g h  and low f l u x e s  o f  p a r t i c l e s  repre -  
sent one o f  the  most dramat ic  r a p i d  changes o f  cha rg ing  environment r o u t i n e l y  
p resen t  i n  t h i s  o r b i t .  For example, on March 28, 1979 (Day 87)  SCATHA was 
a l ready  i n  a  dropout  r eg ion  when i t  en te red  ec l i pse .  An abrup t  r e t u r n  of 
plasma d u r i n g  t h e  e c l i p s e  caused charg ing  o f  severa l  k i l o v o l t s  (Sa f lekos  e t  
al., 1980), one o f  t h e  major charg ing  events  seen on SCATHA d u r i n g  t h e  f i r s t  
yea r  o f  operat ion.  The r a p i d  v a r i a t i o n s  i n  t h e  f l u x e s  assoc ia ted  w i t h  drop- 
ou ts  imp ly  r a p i d  v a r i a t i o n s  i n  s a t e l l i t e  p o t e n t i a l .  I f ,  i n  a d d i t i o n ,  t h e r e  
a re  h i g h  f i e l d  a l i g n e d  f l u x e s  a t  t h i s  boundary, as t h e  da ta  suggest, t h e  
p o s s i b i l i t y  e x i s t s  f o r  c r e a t i n g  l a r g e  d i f f e r e n t i a l  g rad ien t s  i n  t h e  space- 
c r a f t  p o t e n t i a l  on t h e  s a t e l l i t e  surface. As dropouts  occur  p r e f e r e n t i a l l y  
i n  t h e  midni  ght s e c t o r  (Walker e t  a1 . , 1976) e c l i p s e s  o f  t h e  sate1 1  i t e  
a re  l i k e l y  t o  occur  s imu l taneous ly  w i t h  t h e  dropouts.  Du r i ng  t h e  f i r s t  
e c l i p s e  season, dropouts  were present  d u r i n g  a  t h i r d  o f  t h e  e c l i p s e s  t h a t  
l a s t e d  more than 45 minutes. Taken toge ther ,  t h e  t h e  r a p i d  v a r i a t i o n  
i n  environment, t h e  f l u x  an i so t rop ies ,  and t h e  p o s s i b i l i t y  o f  a  
simul taneously  o c c u r r i  ng e c l  i pse, cause t h e  reg ion  o f  t h e  magnetosphere 
i n  which dropouts occur  t o  pose a  severe spacec ra f t  cha rg ing  t h r e a t .  
The c h a r a c t e r i z a t i o n  o f  t h i s  r eg ion  i s  necessary f o r  a  complete understanding 
o f  spacecra f t  charg ing  v a r i a t i o n s  i n  and near t h e  m idn igh t  sec to r .  

For  geosynchronous o r b i t ,  Lezniak and Winck le r  (1970) ment ion such 
events as seen by ATS-1. Bogot t  and Mozer (1973) s t u d i e d  an ex tens i ve  data 
s e t  f rom ATS-5 and exp la i ned  t h e  disappearances as due t o  t h e  s a t e l l i t e  
e x i t i n g  t h e  reg ion  o f  h i g h  energy t rapped p a r t i c l e s  because o f  t h e  d i s t o r -  
t i o n  o f  t h e  reg ion  towards a  more t a i l l i k e  c o n f i g u r a t i o n  o c c u r r i n g  d u r i n g  
substorm bui ldup.  Th is  p i c t u r e  i s  conf i rmed by a  m u l t i - s a t e l l i t e  s tudy 
(Wi 1  ken, e t  a1 . , 1979). The reappearance o f  t h e  plasma i s  t hen  due t o  t h e  
r e l a x a t i o n  of t h e  n i g h t s i d e  magnetosphere d u r i n g  t h e  expansion phase o f  
substorms. Bogott  and Mozer ( 1  973) found t h e  events  occur red  p r e f e r e n t i a l  l y  
a t  h i ghe r  l e v e l s  o f  geomagnetic a c t i v i t y  d u r i n g  summer. The seasonal e f f e c t  
was exp la ined  as due t o  t h e  o r b i t  s i nce  ATS-5 i s  a t  a  p o s i t i o n  c l o s e r  t o  
t h e  edge of t he  t r a p p i n g  reg ion  i n  t h e  summer months than  i n  w i n t e r .  The 
geomagnetic e f f ec t  i s  i n  agreement w i t h  t h e  p i c t u r e  i n  which t h e  t rapped 
p a r t i c l e  reg ion  moves ear thward d u r i n g  d i s t u r b e d  per iods .  The r e l a t i o n  
between sudden f l u x  changes a t  synchronous o r b i t  and substorms has been 
s t u d i e d  by Er ickson  e t  a l .  (1979) and Sauvaud and Winck le r  (1980). I t  has 
a l s o  been noted t h a t  t h e  boundary o f t e n  undergoes l a r g e  s c a l e  mot ions which 



appear t o  be due t o  t r a v e l  i ng waves (Kaufman e t  a1 . , 1972, Su e t  a1 . , 1976 
Wilken e t  a l . ,  1979) bu t  t h a t  e f f e c t  i s  ou t s i de  t h e  scope o f  t h i s  paper. 
Here we d iscuss  t h e  p o s i t i o n s  o f  occurrence and dependence on geomagnetic 
d i s t u rbance  o f  dropouts  as seen a t  SCATHA's near geosynchronous o r b i t .  

OBSERVATIONS 

The da ta  used i n  t h i s  study a r e  f rom t h e  SCATHA Rapid Scan P a r t i c l e  
Detec to r ,  SC5, which i s  s e n s i t i v e  t o  e l e c t r o n s  i n  t h e  range f rom 0.05 keV 
t o  1  MeV and p o s i t i v e l y  charged p a r t i c l e s  f rom 0.05 keV t o  6 MeV. The 
de tec to r s  and t h e i r  ope ra t i on  a re  descr ibed i n  d e t a i l  i n  t h e  paper by 
Hanser e t  a l .  (1980) presented a t  t h i s  conference. The ins t rument  c o n s i s t s  
o f  two s e t s  o f  de tec to r s ,  one mounted w i t h  t h e  look d i r e c t i o n  a long  t h e  s p i n  
a x i s  o f  t h e  v e h i c l e  and t h e  o the r  mounted on t h e  b e l l y  band w i t h  t h e  look 
d i r e c t i o n  pe rpend i cu la r  t o  t h e  s p i n  ax is .  I n  t h i s  s tudy,  da ta  f rom on ly  t h e  
former a re  used. Each d e t e c t o r  s e t  cons i s t s  o f  two p a r t s ,  e l e c t r o s t a t i c  
ana lyzers  f o r  e l e c t r o n s  and i ons  o f  energ ies below 60 keV and s o l i d  s t a t e  
de tec to r s  f o r  t h e  h i g h e r  energy e l ec t rons  and protons.  Complete spect ra  
composed o f  14 energy bands f o r  e l ec t rons  and 18 energy bands f o r  p o s i t i v e l y  
charged p a r t i c l e s  a r e  taken  every second. A da ta  format  i s  used i n  t h i s  
study i n  which minu te  averages o f  the count r a t e  i n  each energy range i s  
d i sp layed  f o r  t h e  d e t e c t o r  w i t h  t h e  look d i r e c t i o n  p a r a l l e l  t o  t h e  v e h i c l e  
s p i n  ax is .  

Dropouts have been i d e n t i f i e d  from t h e  da ta  as shown i n  F i g u r e  1  which 
g ives  t h e  100 keV e l e c t r o n  and 125 keV i o n  count r a t e  f rom t h e  s o l i d  s t a t e  
de tec to r s  f o r  p a r t s  o f  t h r e e  days. I n  t h e  t o p  panel, da ta  f rom March 28, 
1979 show t h e  dropout  and r e t u r n  du r i ng  e c l i p s e  on t h e  l e f t h a n d  s i d e  o f  t h e  
f i g u r e  where t h e  e l e c t r o n  f l u x  changes by more than  t h r e e  o rders  o f  magni- 
tude  and t h e  i o n  f l u x  by two. Th is  dropout occur red  a t  22:45 l o c a l  t ime  
when Kp = 5- and SCATHA was a t  a  so la r  magnetic l a t i t u d e  o f  -19" and an L 
s h e l l  o f  7. The L s h e l l  i s  ca l cu la ted  us ing  an Olson P f i t z e r  (1974) mag- 
n e t i c  f i e l d  model f o r  q u i e t  days. For about an hour a f t e r  t h e  r e t u r n  t o  h i gh  
f l u x  l e v e l s ,  t h e  e l e c t r o n s  show i n t e n s i t y  excurs ions  as l a r g e  as an o rder  o f  
magnitude. The count r a t e  g radua l l y  decreased over  t h e  nex t  severa l  hours 
u n t i l  i t  sank below de tec tab le  l e v e l s  a t  about 02:30 LT when Kp = 3  and t h e  
v e h i c l e  was a t  a  l a t i t u d e  o f  -15" and an L s h e l l  o f  8.2. A second recovery 
occur red  a t  about 04:OO LT and was fo l lowed by a  remarkable s e t  o f  
apparen t l y  quas i  - p e r i o d i c  v a r i a t i o n s  i n  bo th  t h e  e l e c t r o n  and i o n  f l u x .  

The dropouts  on March 28 a re  i n  c o n t r a s t  t o  t h e  t y p i c a l l y  f ea tu re less  
behav io r  o f  t h e  n i g h t s i d e  100 keV e l e c t r o n  and 125 keV p o s i t i v e l y  charged 
p a r t i c l e  count  r a t e  shown i n  t h e  second panel o f  F i g u r e  1. These da ta  a re  
from t h e  p e r i o d  spanning midn igh t  GMT between J u l y  31 and August 1, 1979. 
It was a  geomagnet ica l ly  q u i e t  t i m e  w i t h  Kp 's  o f  1  and 2  and a t  m idn igh t  GMT 
SCATHA was a t  a  l a t i t u d e  o f  8" SM and an L  she1 1  o f  8.3. The t h i r d  panel 
of F i g u r e  1  shows an example o f  a  dropout i n  which bo th  t h e  f l u x  decrease 
and i nc rease  were rap id .  The t y p i c a l  quas i  p e r i o d i c  f l u x  v a r i a t i o n s  a re  
seen ove r  a  wide energy range o f  p a r t i c l e s  bo th  w i t h i n  t h e  dropout  reg ion  



and f o l l o w i n g  recovery.  The l a t i t u d e  a t  e n t r y  en.try was 10° SM, t h e  L s h e l l  
was 8.6 and Kp 3+. Three o t h e r  dropouts  which occur red  d u r i n g  t h i s  passage 
o f  t h e  n i g h t s i d e  a r e  n o t  shown. 

The SC5 da ta  f o r  t h e  p e r i o d  between January 20 and August 8, 1979 were 
examined f o r  dropouts.  The 100 keV e l e c t r o n  da ta  were scanned f o r  decreases 
and/or inc reases  o f  over  an o rde r  o f  magnitude i n  count r a te .  Then t h e  
event  was i d e n t i f i e d  as a  dropout  i f  t h e  i nc rease  o r  decrease occur red  a t  
t h e  same t ime  i n  a l l  h i g h e r  e l e c t r o n  energ ies  and i n  a l l  p o s i t i v e  p a r t i c l e  
energ ies  above some th resho ld .  A r e t u r n  f r om a  dropout  can be r e a d i l y  d i s -  
t i n g u i s h e d  from a  dynamic i n j e c t i o n  seen by SC5 (Moore e t  al., 1981 ) by 
severa l  p rope r t i es .  The dropout  r e t u r n  i s  c h a r a c t e r i z e d  by a  minimum energy 
above which the  inc rease  i n  f l u x  inc reases  w i t h  energy f o r  a l l  energ ies.  
The dynamic i n j e c t i o n  i s  a l s o  cha rac te r i zed  by a  minimum energy f o r  f l u x  
inc rease  b u t  t h e r e  i s  a  l a r g e r  energy above which t h e  change i n  f l u x  
decreases w i t h  i n c r e a s i n g  energy. I n  a d d i t i o n ,  dropout  e n t r y  and r e t u r n  
occur  i n  both charge spec ies a t  t h e  same t ime  whereas i n j e c t i o n s  a r e  seen 
on l y  i n  one species over  a  broad energy range. 

Comparisons o f  p a r t i c l e  spec t ra  before, d u r i n g  and a f t e r  a  dropout  
a r e  shown i n  f i g u r e s  2 f o r  e l e c t r o n s  and 3  f o r  ions. The dropout  f o r  which 
these a r e  taken i s  shown i n  t h e  t h i r d  panel o f  F i g u r e  1. The r e l a t i v e  
d i f f e r e n t i a l  f l u x  i s  g iven  f o r  t h e  energy range i n  which t h e  f l u x  i s  above 
background du r i ng  t h e  dropout.  R e l a t i v e  f l u x  l e v e l s  a r e  used i n  p l ace  of 
abso lu te  f l u x  l e v e l s  because t h e  e f f i c i e n c y  o f  t h e  ins t rument  determined by 
i n - f l i g h t  c a l i b r a t i o n  i s  n o t  y e t  a v a i l a b l e  f o r  t h i s  per iod.  The spec t ra  
a r e  determined f o r  1  :SO GMT, w e l l  be fo re  t h e  dropout ,  f o r  3:30 GMT d u r i n g  
t h e  dropout  and f o r  4:30 GMT a f t e r  t h e  p o s i t i v e  p a r t i c l e  q u a s i p e r i o d i c  
v a r i a t i o n s  had ceased. The e l e c t r o n  spec t ra  i n  F i g u r e  2  show a  dropout  
spectrum t h a t  i s  depressed by a  f a c t o r  o f  2  a t  1  keV and a  f a c t o r  of 
100 a t  40 keV. The e l e c t r o n  f l u x  a f t e r  t h e  dropout  i s  somewhat h i g h e r  
than  be fo re  the dropout f o r  most o f  t h e  energy range. F i g u r e  3  shows 
t h e  i o n  spectra. The spectrum d u r i n g  dropout  i s  depressed by a  f a c t o r  
o f  3  a t  a  few keV and by a  f a c t o r  o f  20 a t  50 keV. The f l u x  a t  125 
keV i s  d e f i n i t e l y  h i g h e r  than  would be expected. I n s p e c t i o n  o f  t h e  
data shows the f l u x  l e v e l  a t  125 keV i s  a t  a  maximum i n  t h e  q u a s i p e r i o d i c  
v a r i a t i o n  i n  t h e  f l u x  a t  3:30 whereas f l u x  l e v e l s  a t  lower  energ ies  
a r e  f rom minima. The f l u x  minimum a t  125 keV i s  a  f a c t o r  o f  10 lower  
as can be seen i n  F i g u r e  1. The q u a s i p e r i o d i c  s t r u c t u r e ,  then, i n v o l v e s  
a  s p e c t r a l  change, perhaps due t o  t h e  mot ion o f  a  d ispersed  boundary 
of t h e  h i g h  energy t r a p p i n g  region. The p o s i t i v e  p a r t i c l e  d i f f e r e n t i a l  
f 1 u x . i ~  almost i n d i s t i n g u i s h a b l e  be fo re  and a f t e r  t h e  dropout  and o n l y  
one l i n e  has been drawn i n  t h e  f i g u r e .  The s t a b i l i t y  o f  t h e  p o s i t i v e  
p a r t i c l e  spectrum i s  o f  no te  when i t  i s  r e c a l l e d  t h a t  t h e  observa t ions  
were separated 3 hours i n  u n i v e r s a l  t i m e  and SCATHA has moved over  2  Re  
a long  i t s  o r b i t  and i s  h a l f  an R e  f u r t h e r  above t h e  e q u a t o r i a l  p lane  
d u r i n g  t h e  l a t e r  measurement. 



MAGNETOSPHERIC POSITION DEPENDENCE OF DROPOUTS 

E igh t -e igh t  days o f  SC5 data fo r  t h e  5 112 month pe r iod  between 
January 20 and August 8, 1979 were scanned and one o r  more dropouts 
i d e n t i f i e d  f o r  39 o f  them. The d i s t r i b u t i o n  o f  dropout days i n  t h e  year  i s  
given i n  two d i sp lays  i n  F igure  4. I n  t h e  bottom panel we show f o r  each 
20 day i n t e r v a l  t h e  number o f  dropout days as a percentage o f  a l l  days f o r  
which t h e  data a re  ava i lab le .  The t o t a l  number o f  days w i t h  data i s  given 
above each 20 day bin. There are  three per iods d u r i n g  which more than h a l f  
t h e  days showed dropouts, between days 80 and 100, days 120 and 150 and days 
180 and 210. The t o p  panel shows d e t a i l s  o f  t h e  d i s t r i b u t i o n  of dropout 
days. Each day f o r  which the  data were a v a i l a b l e  i s  marked by a l i n e .  A 
shor t  l i n e  i n d i c a t e s  t h e r e  was no dropout whereas a long l i n e  i nd i ca tes  
dropout days. The t h r e e  dropout r i c h  per iods a r e  ev ident .  This c l u s t e r i n g  
i n t o  dropout r i c h  and poor per iods corresponds t o  a p o s i t i o n  dependence 
i n  occurrence o f  dropouts s ince SCATHA d r i f t s  i n  l a t i t u d e  by 6' a day and 
has an apogee o f  5.5 Re and a perigee o f  7.7 Re. 

The p o s i t i o n s  o f  dropouts are  d isp layed e x p l i c i t l y  i n  F igures 5 and 
6. I n  each o f  these f i g u r e s  the  p o s i t i o n  o f  t he  s a t e l l i t e  du r ing  the  low 
f l u x  per iods i s  shown as a s o l i d  l ine .  The top  panels g i ve  t h e  L s h e l l  
and l o c a l  t ime  whereas t h e  lower panel gives t h e  s o l a r  magnetic l a t i t u d e  
and l o c a l  t ime. Data f o r  f l u x  decreases when Kp < 4 +  are  shown i n  F igure  
5 and data f o r  Kp > 4+ a r e  i n  Figure 6. For a l l  dropouts except one, a 
ca tego r i za t i on  on t h e  basis  o f  Kp at f l u x  r e t u r n  would have placed the  drop- 
ou t  i n  t h e  same group as d i d  the  ca tegor iza t ion  on t h e  bas is  o f  f l u x  d i s -  
appearance. The so le  except ion was a disappearance a t  Kp = 4+ and a r e t u r n  
a t  Kp = 5-, and t h i s  dropout appears w i t h i n  t h e  c l u s t e r i n g  apparent i n  F igure  
5. Note t h a t  a l l  o f  the  dropouts except one occur between 19:30 LT and 
6:30 LT. The dropout beginning a t  6:20 LT and con t i nu ing  t o  7:50 shown 
i n  F igure  6 occurred when Kp was 8 and may have been e i t h e r  a dropout o r  a 
passage i n t o  t h e  magnetosheath. A data gap i n  our low energy coverage makes 
i t  impossib le t o  d i s t i n g u i s h  between these p o s s i b i l i t i e s .  The l o c a l  t ime 
reg ion  o f  dropout appearance shown here agrees w i t h  those o f  ATS-5 and ATS-6, 
both o f  which observed dropouts i n  the reg ion  f rom from 2000 LT t o  
0830 LT (Bogott  and Mozer, 1973; Su e t  a1 . , 1976). Note t h a t  L > 7 f o r  
a l l  b u t  6 dropouts. There i s  a l so  a reg ion  i n  t h e  v i c i n i t y  o f  -5O SM l a t i -  
tude i n  which t h e r e  a re  no dropouts. The shape o f  t h i s  reg ion  i s  no t  
completely determined, b u t  i n  t h i s  data se t  i t  appears t o  be centered a t  
1:30 LT and t o  be about 10' wide. It can be descr ibed as oval shaped w i t h  
a more o r  l e s s  constant  w id th  crossing t h e  l a t i t u d e  O0 l i n e  a t  about 05:30 
l o c a l  t ime and remaining below l a t i t u d e  O0 throughout t h e  evening hours. 

F igures 5 and 6 i n d i c a t e  t h a t  dropouts are  r a r e  du r ing  t h e  months of 
February through August i n  a region o f  t h e  magnetosphere bounded by l o c a l  
t ime 19:30 and 6:30, by L values o f  about 7 and by t h e  edges o f  t h e  l o 0  
crescent  i n  s o l a r  magnetospheric coordinates discussed above. I f  t h i s  i s  
t h e  case, t h e  o r b i t  o f  SCATHA during t h e  th ree  dropout poor periods, 
(be fore  day 80, f rom day 100 t o  120 and from day 150 t o  180), should have 
a r e l a t i o n s h i p  t o  t h e  excluded region o f  t h e  magnetosphere. I n  F igure  7 we 



show SCATHAts o r b i t  between l o c a l  t imes  of 19:30 and 6:30 f o r  days 50, 110 
and 170. An examinat ion o f  these o r b i t s  show t h a t  t hey  l i e  almost 
comple te ly  w i t h i n  t h e  excluded reg ion.  Hence, t h e  d i v i s i o n  o f  SCATHA days 
i n t o  dropout  r i c h  and poor pe r i ods  can be understood as a consequence o f  
i t s  o r b i t  and t h e  shape o f  t h e  reg ion  o f  h i g h  energy p a r t i c l e  t r app ing .  

GEOMAGNETIC DISTURBANCE DEPENDENCE OF DROPOUTS 

A very  marked dependence o f  dropout f requency on geomagnetic a c t i v i t y  
was found f o r  ATS-5 data (Bogot t  and Mozer, 1973). Walker e t  a1 . (1 976) 
observed 75 ATS-6 dropouts  f o r  Kp < 4+ i n  4.5 months o f  da ta  and s t a t e  t h a t  
t h i s  frequency i s  h i g h e r  than  t h a t  seen f o r  ATS-5. They a s c r i b e  t h e  f r e -  
quency d i f f e r e n c e  t o  ATS-6 be ing  a t  t h e  h i ghe r  magnet ic l a t i t u d e  b u t  do no t  
d iscuss  t h e  o r b i t a l  d i f f e r e n c e s  i n  d e t a i l .  

I n  t h e  SCATHA da ta  when t h e  s a t e l l i t e  was l e s s  than  6.6 Re  ( n o t  L 
s h e l l )  f rom the ear th ,  t h e r e  were on l y  f i v e  dropouts  f o r  which Kp < 4+ and 
n i n e  f o r  which Kp > 4+. Thus, d u r i n g  t h e  f i r s t  h a l f  o f  1979 a geosyn- 
chronous s a t e l l i t e  would have observed few dropouts  b u t  would have 
repo r ted  a geomagnetic dependence i n  occurrence. A t  t h e  a c t u a l  SCATHA 
o r b i t ,  t h e  dependence on geomagnetic a c t i v i t y  i s  l e s s  pronounced. F i g u r e  4 
shows t h a t  dropouts were a common occurrence f o r  Kp <4+ ,  b u t  they  occur 
a t  h i gh  L s h e l l s  (and l a r g e  values o f  R). A s t a t i s t i c a l  a n a l y s i s  con f i rms  
t h e  impression g i ven  by F igures  4 and 5, t h a t  a t  SCATHA's o r b i t ,  t h e  drop- 
ou t  occurrence probabi  1 i t y  exh i  b i t s  a geomagnetic and an o r b i  t a l  dependence 
which a re  comparable. I n  Table 1 t h e  data has been d i v i d e d  i n t o  two s e t s  of 
per iods.  The one s e t  con ta ins  t h e  dropout r i c h  per iods ,  days 81 t o  100, 
121 t o  149 and 181 t o  220, whereas t h e  o t h e r  s e t  con ta ins  t h e  dro.pout poor 
per iods ,  days 40 t o  80, 100 t o  120 and 150 t o  180. Each s e t  o f  da ta  i s  
shown separa te ly  i n  t h e  t ab le .  Geomagnetic a c t i v i t y  as measured by Ap 
has been d i v i d e d  i n t o  t h r e e  b ins ;  q u i e t  days w i t h  Ap 0 t o  9, ( d a i l y  average 
t h r e e  hours Kp < 2 )  moderate days w i t h  Ap 10 t o  29 ( 2  < Kp < 4 )  and 
d i s t u r b e d  days w i t h  Ap g r e a t e r  than  30 (Kp > 4).  I n  t h e  dropout  poor  
se t ,  t h e r e  were a t o t a l  o f  43 days w i t h  da ta  o f  which t h r e e  had dropouts.  
I n  t h e  45 days o f  t h e  dropout  r i c h  set,  9 had no dropouts.  Thus, if a 
p r e d i c t i o n  o f  dropout  occurrence were made u s i n g  o n l y  i n f o r m a t i o n  on 
whether t h e  day belonged t o  a dropout  poor o r  r i c h  reg ion,  and t a k i n g  
no account of t h e  l e v e l  o f  geomagnetic a c t i v i t y ,  t h e  c o r r e c t  p r e d i c t i o n  
would have been made f o r  about 6 ou t  o f  7 days. Conversely,  i f  t h e  
p r e d i c t i o n  had been made based on d i s t i n g u i s h i n g  o n l y  between q u i e t  
(Ap < 9 )  and d i s t u r b e d  (Ap > 30) days and t a k i n g  no account o f  dropout  
poor and r i c h  per iods ,  t h e  c o r r e c t  p r e d i c t i o n  would have been made i n  
2 ou t  o f  3 days. This i n d i c a t e s  t h a t  a t  SCATHAts o r b i t  bo th  t h e  d e t a i l s  
of t h e  o r b i t a l  p o s i t i o n  and t h e  geomagnetic c o n d i t i o n s  must be taken  
i n t o  account i n  e v a l u a t i n g  t h e  p r o b a b i l i t y  t h a t  t h e  spacec ra f t  w i l l  
undergo t h e  extreme environmental  changes assoc ia ted  w i t h  disappearance and 
r e t u r n  o f  high energy t rapped p a r t i c l e  f l uxes .  



SUMMARY AND CONCLUSIONS 

A t  SCATHA's o r b i t  on t h e  n i gh t s i de ,  t h e  s a t e l l i t e  r o u t i n e l y  e x i t s  and 
r e e n t e r s  t h e  reg ion  o f  t rapped h i g h  energy p a r t i c l e s .  S ince these  events  
occur  predominant ly  near m idn igh t  and so may be assoc ia ted  w i t h  an ec l i pse ,  
t h e  f l u x  r e t u r n s  pose a  se r i ous  charg ing  hazard. ATS-5, ATS-6 and SCATHA 
a l l  r e p o r t  dropouts o c c u r r i n g  f rom 7000 LT t o  08:30 LT. SCATHA exper iences 
dropouts  predominant ly  beyond L  = 7  and ou t s i de  o f  a  r eg ion  about 10" wide 
i n  s o l a r  magnetic l a t i t u d e .  The p r o b a b i l i t y  o f  SCATHA dropouts  o c c u r r i n g  
d u r i n g  a  p a r t i c u l a r  day has a  comparable dependence on bo th  i t s  o r b i t a l  
p o s i t i o n  and on t h e  l e v e l  of geomagnetic a c t i v i t y .  
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TABLE 1 

Periods o f  few dropouts (days 40-80, 100-120, 150-180) 

Range o f  A,, 

# o f  dropout days 0 1 2 3 

# o f  no dropout days 17 19 4 4 0 

Tota l  # o f  days 17 7 0 6 z 43 

Per iods w i t h  many dropouts (days 81 -100, 171 -149, 181 -770) 

Range o f  AD 0-9 10-29 > 30 z 

# of dropout days 7 70 9 36 

# of no dropout days 6 3 0 9 

Tota l  # o f  days 13 73 9 Z 45 
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Figure 1. - Dropouts as seen i n  100 keV e lec t rons  and 
125 keV protons by the  Rapid Scan P a r t i c l e  Detector,  
SC5. The f i r s t  and t h i r d  panels show dropouts and 
t h e i r  c h a r a c t e r i s t i c  quasi p e r i o d i  c s t ruc tures .  The 
center  panel cont ras ts  t h i s  t o  a  day w i thou t  dropouts. 
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Figure 2. - E lec t ron  d i f f e r e n t i a l  f l u x  be- 
fo re ,  du r ing  and a f t e r  the  dropout shown 
i n  the lower panel o f  F igure 1. 



SAMPLE SPECTRA 

10-21 
I I 1  1  l l l l l  I I 1  1 1 1 1 1 1  I I l l I l l .  

I 1 0' 1 02 I 
ENERGY ( K e V )  

Figure  3. - I o n  d i f f e r e n t i a l  f l u x  before, 
du r i ng  and a f t e r  t he  dropout shown i n  
t he  lower panel o f  F igure  1. 
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F igure 4. - Dropout occurrence between days 40 
and 220, 1979. I n  t he  top  panel a l l  days f o r  
which the re  a re  data a re  1 abel ed accord ing 
t o w h e t h e r o r  n o t  dropouts occurred. The 
percentage o f  days wi t h  dropouts i n each 20 
day i n t e r v a l  i s  shown i n  bottom panel. 
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Figure 5 .  - SCATHA's position during dropouts for geomagneti cal l y  
quiet days (Kp - < 4 t ) .  



Figure 6 .  - SCATHA1s position during dropouts for geo- 
magnet1 cal l y  disturbed days (Kp  > 4+).  
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Figure 7 .  - SCATHA's orb1 ts during the three dropout 
poor periods evident in Figure 4.  
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