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'9p SATELLITE TO STUDY "SPACE WEATHER" 

The Nat ional  Aeronautics and Space Adminis t ra t ion 
soon w i l l  launch ano the r  Explorer  s a t e l l i t e  t o  un rave l  
some of t h e  s c i e n t i f i c  myster ies  of how "space weather" 
a f f e c t s  man's d a i l y  l i f e  and  h i s  f u t u r e  e x p l o r a t i o n  of  
space.  

The 89-pound s a t e l l i t e ,  S-3a, s imilar  to the h i g h l y  
s u c c e s s f u l  Explorer  X I 1  placed i n t o  o r b i t  l as t  year,  w i l l  
be launched from Cape Canaveral, F la . ,  no e a r l i e r  than  
October 2, u s i n g  a Thor-Delta rocke t .  If  success fu l ,  
t h i s  w i l l  be the 12th  s t r a i g h t  launch f o r  the  Delta con- 
t i n u i n g  i t s  unprecedented record for U. s. rocke t ry .  

The Del ta  v e h i c l e  w i l l  launch the s p a c e c r a f t  a t  a n  
i n c l i n a t i o n  angle  of 33 degrees frm t h e  eqdatcr. 5 ~ e  t o  
the h i g h l y  e c c e n t r i c  o r b i t ,  the s m a l l  power of i t s  t r a n s -  
m i t t e r ,  and  the  a n t i c i p a t e d  o r b i t a l  per iod  of 31 hours,  
s e v e r a l  days w i l l  pass  before  an  a c c u r a t e  o r b i t  can be 
confirmed. T h i s  o r b i t a l  per iod w i l l  make t h e  s p a c e c r a f t  
v i s i b l e  f o r  approximately 23 hours  a day a t  s t a t i o n s  on 
the apogee s ide  of the earth. 

The unusual,  and d i f f i c u l t - t o - a c h i e v e  o r b i t  w i l l  
t a k e  the s a t e l l i t e  o u t  as f a r  as 53,000 m i l e s  and  b r i n g  
i t  back t o  w i t h i n  185 m i l e s  of the earth each 31 hours .  

Trave l ing  t h i s  path,  the s a t e l l i t e ' s  s e n s i t i v e  
e l e c t r o n i c  in s t rumen t s  w i l l  seek t o  l e a r n  more about 
e l e c t r o n s  and protons,  t h e  minute b u i l d i n g  b locks  of' a l l  
matter i n  space.  

If, f o r  example, one were t o  g a t h e r  a l l  t he  e l e c t r o n s  
i n  the a r t i f i c i a l  r ad ia t ion  b e l t  c r e a t e d  by the n u c l e a r  
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explosion las t  Ju ly  9, their..mass would be less than  one- 
t e n t h  of an ounce. However, e n e r g e t i c  p a r t i c l e s  p l a y  
l e a d i n g  r o l e s  i n  the  phenomena of  "space weather" which 
must be b e t t e r  understood i f  man and h i s  in s t rumen t s  are 
to journey s a f e l y  i n t o  space. 

These p a r t i c l e s ;  many of which possess  ve ry  h igh  
ene rg ie s ,  t r a v e l  a t  n e a r l y  t h e  speed of l i g h t .  They are 
r e spons ib l e  f o r  some of  the s p e c t a c u l a r  and i n t r i g u i n g  
space phenomena that  w e  observe on earth:  Dis turbances  
i n  the  r e f l e c t i v e  sky l a y e r  known as t h e  ionosphere which 
d i s r u p t s  communications throughout the world; c r e a t i o n  of 
the s t a r t l i n g  b e a u t i f u l  d i s p l a y  of aurorae ,  observed las t  
yea r  as f a r  sou th  as Washington, D. C .  Poss ib ly  t h e y  have 
a r o l e  i n  modifying t h e  ea r th ' s  weather. 

I n f i n i t e s i m a l  as they  are, they  can ham man and 
damage h i s  ins t ruments  i n  the e x p l o r a t i o n  of space.  An 
understanding of t h e i r  l i f e  h i s t o r i e s ,  j u s t  as we seek t o  
l e a r n  the s c i e n t i f i c  causes  of h u r r i c a n e s  and tornadoes, -- 
how they  a r e  c rea t ed ,  how they  l i v e  and how they  d i e  -- 
can advance o t h e r  n a t i o n a l  o b j e c t i v e s  of manned f l i g h t ,  
and the u s e  of space for such f o r e s e e a b l e  p r a c t i c a l  b e n e f i t s  
as communications, weather f o r e c a s t i n g  and nav iga t ion .  

P r i n c i p a l  t a r g e t  of the S-3a i s  t o  determine t h e  
p a r t i c l e  popula t ion  and t h e i r  e n e r g i e s  i n  the magnetosphere 
and the  reg ions  of i n t e r p l a n e t a r y  space beyond. We know 
the  sun i s  the  p r i n c i p a l  v i l l a i n ,  o r  hero,  as the c a s e  may 
be. The phenomena themselves comprise one of the b i g g e s t  
mys te r i e s  i n  the h i s t o r y  of mankind. 

s t r e t c h e s  thousands of m i l e s  i n t o  space.  T h i s  i n  i t s e l f  
i s  a mystery. I n  t h i s  r eg ion  are the  n a t u r a l  Van Allen 
r a d i a t i o n  b e l t s  d i scovered  by the Explorer  I s a t e l l i t e  i n  

The magnetosphere begins  s e v e r a l  hundred m i l e s  up  and 

1958 
We have s w i f t l y  gained knowledge o f  t h i s  r eg ion  through 

t h e  s a t e l l i t e s  which fol lowed the p ioneer ing  work of 
Explorer  I. But l i k e  a l l  g r e a t  d i s c o v e r i e s ,  each new 
s a t e l l i t e  opened more unanswered s c i e n t i f i c  ques t ions .  

Explorer  I t o l d  u s  t h a t  there  were e n e r g e t i c  p a r t i c l e s  
t rapped  above the  e a r t h  and t h a t  t h e  e a r t h ' s  magnetic f i e l d  
probably ac t s  as a s t o r a g e  b i n  for t h e s e  b i t s  of matter that  
s p i r a l  around the e a r t h ' s  magnetic f o r c e  l i n e s ,  a c r o s s  
s e c t i o n  which would look much l i k e  the shape of a l i m a  bean. 
But i t  remained f o r  o t h e r  s a t e l l i t e s  t o  answer the i n t r i g u i n g  

- 2 -  



r idd le s  of  how many p a r t i c u l a r  p a r t i c l e s  of a c e r t a i n  
energy range were i n  a p a r t i c u l a r  area of space.  Today, 
a f t e r  s e v e r a l  yea r s  of space exp lo ra t ion  w e  are s t i l l  
unable  to come up w i t h  an accu ra t e  model of t h i s  phenomena 
because of  i n s u f f i c i e n t  data. It undoubtedly w i l l  take 
s e v e r a l  more satel l i tes ,  and many more y e a r s  be fo re  w e  come 
anywhere nea r  to an understanding of the  processes  involved.  

A s  an example: It w a s  thought from e a r l y  s a t e l l i t e  
experiments  that  the  Van A l l e n  r a d i a t i o n  c o n s i s t e d  of two 
d i s t i n c t  b e l t s  -- one p r imar i ly  of e l e c t r o n s  and the  o t h e r  
of  protons.  A s  w i t h  many s c i e n t i f i c  t h e o r i e s ,  t h i s  w a s  
shattered by hard i n v e s t i g a t i v e  f a c t s .  Explorer  XI1 
determined that  there was no such d i s t i n c t i o n ;  ra ther  that  
the magnetosphere i s  one b g t r a p p i n g  reg ion  w i t h  p a r t i c l e s  
having d i f f e r e n t  c h a r a c t e r i s t i c s  i n  va r ious  a r e a s  of space.  

Ins t ruments  on spacec ra f t  t h a t  preceded Explorer  XI1 
could  p o s s i b l y  have d e t e c t e d  t h i s  discrepancy had they  been 

changing s o l a r  a c t i v i t y  may be the c u l p r i t .  Perhaps t h e  
p a r t i c l e  popula t ion  and ene rg ie s  change with the v a r i a t i o n  
of  the  sun ' s  own "weather, " a g a i n  a n  unknown. 

f i n e l y  tuned f o r  suck; 2 d e f i n i t e  i n v e s t i g 2 t l o n  area. BLit 

Almost the  same holds  true for magnetic f i e l d  measure- 
men t s  by s a t e l l i t e s ,  which a r e  enab l ing  u s  to l e a r n  more 
about  the e a r t h ' s  i n t e r i o r  by l eav ing  t h i s  p l ane t  t h a n  by 
remaining on i t .  Vanguard I11 gave one of t h e  f i r s t  
measurements of t h e  e a r t h ' s  magnetic f i e l d  from space.  
However, i t  r equ i r ed  Pioneer V and  Explorer  X to d e t e c t  
t h e  area i n  space where the e a r t h ' s  magnetic f i e l d  l e v e l e d  
o f f  a n d  the i n t e r p l a n e t z r y  magnetic f i e l d  assumed command. 
However, Explorer  X I 1  , more a c c u r a t e l y  p inpoin ted  the  p r e c i s e  
a r e a  and a l s o  provided the  d i v i d e n d  t h a t  t h e r e  may be a 
t u r b u l e n t  t r a n s i t i o n  reg ion  between the  ear th  and i n t e r p l a n e -  
t a r y  f i e lds .  

Another p i ece  i n  the space phenomena puzzle  i s  
concerned w i t h  a theo ry  tha t  h a s  i n t r i g u e d  s c i e n t i s t s  s i n c e  
1830. Then i t  w a s  p o s t u l a t e d  tha t  there w a s  a r i n g  c u r r e n t ,  
s e p a r a t e  from the e a r t h ' s  magnetic f i e l d  a t t r a c t i o n ,  c i r c l i n g  
the ear th  a t  some unknown p o s i t i o n  i n  space.  At f i r s t ,  data 
from Explorer  VI i n d i c a t e d  t h a t  i t  had d e t e c t e d  t h i s  c u r r e n t .  
However, f u r t h e r  a n a l y s i s  made t h i s  dubious. But, t h i s  
thread of  evidence whetted s c i e n t i f i c  a p p e t i t e s .  Succeeding 
sa te l l i t es ,  Pioneer  V, Explorer  X, Explorer  X I 1  i n v e s t i g a t e d  
t h i s  area, b u t  w i t h  l i t t l e  success,  according to data 
analyzed to date. S-3a may shed more l i g h t  on t h i s  space 
mys t e r y  . 
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These unknowns may be p a r t i a l l y  so lved  b u t  no one 
expec t s  a complete answer, excep t  throii.gh f u t u r e  s p a c e c r a f t  
designed s p e c i f i c a l l y  t o  moni tor  the  sun, t he  ionosphere ,  
and how e n e r g e t i c  p a r t i c l e s  -- p a r t i c u l a r l y  the  dangerous 
s o l a r  protons -- t r a v e r s e  t he  93 m i l l i o n  miles  from the  sum 
to e a r t h .  

One such s a t e l l i t e  to be launched next  year ,  w i l l  spend 
most of i t s  L i m e  i n  i n t e r p l a n e t a r y  space  between ear th  2nd 
t h e  moon, wa i t ing  t o  r e c o r d  these pro ton  e v e n t s .  AssessLgg 
the  p o s s i b l e  damLL.ge of t hese  p a r t i c l e s  i s  mandatory f o r  
suppor t  o f  t h e  l l po l lo  r1l:Lnned l u n a r  prog-am. 

So la r  Obse rva to r i e s ) ,  w i l l  con t inue  to moni tor  the  sun t o  
l e a r n  the p rocesses  involved  i n  sending  o u t  t h e s e  dangerous 
r a d i a t i o n s .  From t h i s  program a l o n e  cou ld  come a system f o r  
p r e d i c t i n g  when the  sun i s  l i k e l y  t o  e m i t  r a d i k t i o n s  
danscroli:j t o  r w n .  A s  wcather f o r e c a s t s  today  i n d i c a t e  safe 
f ' l y ins  wc; t h e r ,  so could  such 2 system i n d i c a t e  safe space 
" f l y i n g  weai,her. " 

S t i l l  a n o t h e r  se r ies  of  s a t e l l i t e s ,  OSO's ( O r b i t i n g  

I n s t r u m c > n t s  o n  S-5a w i l l  n o t  be able  to p r e c i s e l y  
measure the  a r t i f i c i a l  r a d i a t i o n  b e l t  bec?-u.se t h e y  were 
designed anti b u i l t  p r i o r  t o  i t s  c r e a t i o n .  However, S-3a 
should  g ive  world s c i c > n t i s t s  a more complete p i c t u r e  of t hc  
charises3 inciuced by less s o l a r  a c t i v i t y ,  or by e f f e c t s  of  
<,he n u c l e a r  cdLplos ion ,  i n  the  n a t u r a l  r a d i a t i o n  zones. 

k r,ist,er s a t e l l i t e ,  S-3b, u s i n g  the  spz re  f l i g h t  u n i t  
of t h e  ,?-3:1, hut w i t h  d i f f e r e n t  ins'Lrumeniation t o  measure 
the  p t Q t i c i i l a r  a r t i f i c i a l  r a d i a t i o n  b e l t  p a r t i c l e s ,  i s  
schediiled t o  be launched i n  a n  exped i t ed  program b e f o r e  t h e  
e n d  of' t h e  y e a r .  Th i s  inaependent  a t t a c k  w i l l  seek t o  
determine how t h e  b e l t  i s  decaying  w i t h  t i m e ,  assess t h e  
e f f e c t s  of t h e  b e l t  on f u t u r e  s a t e l l i t e s ,  and g ive  the 
s c i e n t i f i c  c o r n u n i t y  zc id i t iona l  b a s i c  i n fo rma t ion  on t h e  
z r k i f  i c i a l l y - c r e a t c d  environment.  

i4os t  importan'L, 3-3a w i l l  c a r r y  a s o l a r  c e l l  experiment  
t o  dctcmnine the e f f e c t  of bo th  t h e  n a t u r a l  a n d  a r t i f i c i a l  
r a d i a t i o n  on s a t e l l i t e  power sou rces .  These c e l l s  conve r t  
about. 1.5 percent  of  the  s u n ' s  energy i n t o  u s a b l e  e l e c t r i c i t y .  

It is known t h a t  man z n d  in s t rumen t s  can s a f e l y  t r a v e r s e  
bo th  the a r t i f i c i a l  a n d  n a t u r a l  r a d i a t i o n  r e g i o n s  i f  there  is 
adequate  s h i e l d i n s .  Xowever, because of these r a d i a t i o n s ,  
t he  l i f e t i m e  of S-3a may V ; I Y ~  from 2 month to a year .  The 
s p a c e c r a f t ' s  h i z h l y  e l l i p t i c a l  o r b i t  w i l l  keep i t  f a r t h e r  



o u t  i n  space most of the time, away from the degrading e f fec ts  
of the r a d i a t i o n .  S-3b, which i s  s p e c i f i c a l l y  designed t o  
r ema in  i n  t h e  a r t i f i c i a l  r a d i a t i o n  zone, w i l l  have i t s  solar 
c e l l s  coa ted  w i t h  60 mil t h i ck  glass. I n  c o n t r a s t ,  %3a, 
l i k e  Explorer  X I I ,  moving quick ly  through the zones, w i l l  
have a 6 m i l  t h i c k  coa t ing .  

Although the mystery of space c h a r a c t e r i s t i c s  w i l l  
take years ,  and many more s a t e l l i t e s  t o  un rave l  be fo re  
s c i e n t i s t s  h a v e - a n  a c c u r a t e  mode l  of the phenomena, a g e n e r a l  
p i c t u r e  has emerged; 

It i s  now be l i eved  that when an e r u p t i o n  occurs  on the 
sun, a huge tongue of magnetic f i e l d  l i n e s ,  w i t h  t h e i r  r o o t s  
remaining on the sun, i s  s e n t  o u t  i n t o  space -- .perhaps 
towards earth, bu t  u s u a l l y  i n  many d i r e c t i o n s .  

According t o  one hypothes is  -- and the S-3a s p a c e c r a f t  
should provide more understanding -- these l i n e s ,  i n  e f f e c t ,  
form a magnetic " b o t t l e . "  Cosmic r a y s  from o u t e r  space -- 
also possess ing  ve ry  high ene rg ie s  -- are excluded, w i t h  the 
"wind" o r  plasma, e r u p t i n g  f r o m  the sun be ing  conf ined  t o  
w i t h i n  the " b o t t l e .  

T h i s  plasma, p rope r ly  the  f o u r t h  s ta te  of  matter -- 
n e i t h e r  s o l i d ,  l i q u i d  nor  gas  -- i s  composed of  low energy 
charged p a r t i c l e s .  It, through supposedly known rules  of 
physics ,  i n  t u r n ,  c r e a t e s  another  magnetic f i e l d  that  moves 
a long  w i t h  i t .  It i s  be l ieved  that  h i g h e r  energy p a r t i c l e s  
s p i r a l  around the b o t t l e ,  j u s t  as magnetosphere p a r t i c l e s  
s p i r a l  around the ear th ,  and they are c a r r i e d  a long  by the 
magnetic f i e l d  l i n e s .  

But i t  remains  unc lea r ,  and i s  s u b j e c t  to s c i e n t i f i c  
debate, whether these p a r t i c l e s  start  out w i t h  h igh  e n e r g i e s  
o r  whether they  a c q u i r e  most o f  t h i s  energy by be ing  
a c c e l e r a t e d  t o  h igh  v e l o c i t i e s  when they  are pushed a long  by 
the magnetic f i e l d .  One t h i n g  i s  known: When these p a r t i c l e s  
reached such s p a c e c r a f t  as Explorer  XII, Explorer  X and 
Pioneer  V, there was a spectrum of energy from the speed of 
l i g h t  on down. 

It i s  b e l i e v e d  tha t  t h i s  s o l a r  tongue con t inues  t o  
expand, as an o n m s h i n g  t i d e ,  and e v e n t u a l l y  envelops the 
ea r th ' s  magnetosphere, d i s t o r t i n g  i t .  Some s c i e n t i s t s  t h i n k  
that  the magnetosphere i s  compressed toward the ear th  on the 
s u n l i t  s ide,  bu t  assumes a n  i c e  cream cone- l ike  shape on the 
o p p o s i t e  s i d e  of the earth, which ex tends  o u t  t o  many 
thousands of  m i l e s .  
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The S-3aJ t a k i n g  o v e r  where Explorer  X I 1  l e f t  o f f ,  w i l l  
gather da t a  l e a d i n g  t o  a b e t t e r  unders tanding  of t h i s  
phenomena. I n  a d d i t i o n ,  geoprobes w i l l  have t o  be s e n t  o u t  
even g r e a t e r  d i s tances  i n  space t o  provide more conc lus ive  
evidence of the e x t e n t  of these boundaries ,  if i n  e f f e c t ,  
t hey  can be proved. 

Much of the success  of S-3a depends on the t r i c k y  task 
of c o r r e c t l y  a l i g n i n g  the s p a c e c r a f t  i n  r e s p e c t  t o  the sxr? 
when i t  i s  placed i n t o  o r b i t .  This c r i t i c a l  p o s i t i o n  i n  
space perhaps can be v i s u a l i z e d  by t h i n k i n g  of the earth 
revolv ing  around the sun each 365 days.  

Next, imagine the ear th  w i t h  i t s  magnetosphere enveloping 
i t  i n  a shape l i k e  an i c e  cream cone -- the ice cream t o p  
compressed c l o s e  t o  the e a r t h ' s  s u r f a c e  on the s u n l i t  side, 
and t ape r ing  o f f  cone- l ike  on the  s ide away from the  sun. 
Then v i s u a l i z e  t h e  h igh ly  e l l i p t i c a l  o r b i t  of  the s p a c e c r a f t ,  
i n c l i n e d  about 75 degrees  from t h e  sun when i t  i s  f i r s t  
i n j e c t e d  i n t o  o r b i t .  The angle  toward the sun w i l l  become 
h i g h e r  each month. A s  the  angle  t o  the sun i n c r e a s e s ,  the  
s a t e l l i t e  -- o r b i t i n g  the  e a r t h  as the ear th  o r b i t s  the 
sun -- probes va r ious  areas of the magnetosphere. I n  s ix  
months, the s a t e l l i t e  a t  times w i l l  be completely enveloped 
by i t ,  but a t  o t h e r  times w i l l  be i n  i n t e r p l a n e t a r y  space 
beyond, c o n s t a n t l y  p l o t t i n g  boundaries  and the popula t ion  of  
the  p a r t i c l e s .  

The Goddard Space F l i g h t  Center ,  Greenbel t ,  Maryland, 
has been ass igned  p r o j e c t  management. r e s p o n s i b i l i t y  for the 
S-3a under the  o v e r a l l  d i r e c t i o n  of the  Di rec to r ,  Of f i ce  of 
Space Sciences,  Geophysics and Astronomy Programs, NASA 
Headquarters.  Dr. John Naugle i s  Program Chief. 
Eugene Ehr l ich ,  NASA Headquarters,  i s  P r o j e c t  O f f i c e r .  
Paul Marcotte i s  P r o j e c t  Manager. D r .  Frank B. McDohald i s  
P r o j e c t  S c i e n t i s t .  E s s e n t i a l l y  t h e  p r o j e c t  c o n s i s t s  of s i x  
experiments: 

. A cosmic r a y  experiment,  by D r .  Frank McDonald, an 
ion-e lec t ron  d e t e c t o r  experiment, by Leo Davis, and a s o l a r  
c e l l  experiment, by Gerry Longanecker, a l l  by Goddard Space 
F l i g h t  Center. 

the  Ames Research Center  of NASA. 
. A proton a n a l y z e r  experiment by (Dr. Michael Bader) 

. A trapped p a r t i c l e  r a d i a t i o n  experiment by 
(Dr. Brian O'Brian)  the State Un ive r s i ty  of Iowa. 
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. .  

A magnetometer experiment by ( D r .  Laurence Cahill)  t he  
U n i v e r s i t y  of New Hampshire. 

I n  add i t ion ,  there i s  a Goddard p h o t o c e l l  o p t i c a l  
s e n s i n g  system by James S. Albus that will f u r n i s h  informat ion  
on the satell i te 's  o r i e n t a t i o n  i n  space. 

THE 'DELTA LAUNCH VEHICLE 

The launch v e h i c l e  f o r  the  S-3a i s  t h e  NASA-developed 
Delta, a three s t a g e  rocke t  which has  performed f l a w l e s s l y  
i n  me last e leven  of i t s  1 2  launch a t tempts .  Delta i s  nine 
s t o r i e s  h igh  and weighs 57 tons.  

The v e h i c l e ' s  f i r s t  s t a g e  i s  a 60-foot mod i f i ca t ion  of 
the Air Force-developed Thor (SM-75) and gene ra t e s  170,000 
pounds of th rus t  dur ing  the two and one-half minutes i t s  50 
t o n s  of p r o p e l l a n t  burn. 

The DG-19 Tiior " u ~ s t e r  use& G E  prevlol;s Delta launch 
v e h i c l e s  has been rep laced  w i t h  a model DM-21 f o r  t h i s  and 
f a t u r e  D e l t a  veh ic l e s .  The DM-21 d i f f e r s  p r i m a r i l y  i n  that  
the t h r u s t  i s  inc reased  from l50,OOO pounds to 170,000 pounds 
by s u b s t i t u t i o n  of  the Rocketdyne Block I1 engine.  

The second s t a g e  I s  17 f e e t  t a l l  and weighs a l i t t l e  
more than two and one-half tons.  It i s  powered by an 
Aerojet-General l i q u i d  engine which develops 7,500 pounds of 
t h r u s t  and burns s l i g h t l y  less t h a n  two minutes.  

De l t a ' s  one-half  ton,  s o l i d  p r o p e l l a n t  t h i r d  s t a g e  i s  
f i v e  f e e t  h igh  and uses  an  Allegany B a l l i s t i c s  Laboratory 
ABL 248 engine w i t h  a t h r u s t  o f  3000 pounds. Its burning 
t i m e  i s  40 seconds. 

For a minute and a half  a f t e r  l i f t - o f f ,  D e l t a  i s  guided 
by i t s  Thor a u t o - p i l o t .  Af t e r  burn-out of the Thor boos te r ,  
a B e l l  Telephone Labora to r i e s  r a d i o  guidance system makes 
r e f i n e d  v e l o c i t y  and s t e e r i n g  c o r r e c t i o n s  as needed. S h o r t l y  
a f t e r  f i r s t  s t a g e  burn-out s epa ra t ion ,  and a f t e r  i g n i t i o n  of 
the  second s t a g e ,  the fairing--covering the t h i r d  s t a g e  and 
the S-3a payload--is j e t t i s o n e d .  

Second s t a g e  burning ends  about f o u r . a n d  one-half 
minutes  a f te r  l i f t - o f f .  The veh ic l e ,  w i t h  second and t h i r d  
s t a g e s  s t i l l  a t t a c h e d  i s  now a t  an a l t i t u d e  of about 125 m i l e s .  
At t h i s  p o i n t  a six-minute c o a s t i n  pe r iod  occurs .  During t h i s  
per iod,  guidance i s  provided by a fi 2-pound f l i g h t  c o n t r o l  
system conta ined  i n  the second s t age .  The s a t e l l i t e  and the  
t h i r d  s t a g e  are s p i n  s t a b i l i z e d  by s m a l l  r o c k e t s  mounted on a 
"spin t a b l e "  between the second and t h i r d  s t a g e s .  A t  the end 
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of the  c o a s t  period--about t e n  min . t ' , e s  a f t e r  launch-- the 
second s t a g e  s e p a r a t e s  and t h i r d  s-case i g n i t i o n  occur s .  
Soon t h e  r e q u i r e d  o r b i t a l  v e l o c i t y  of  about  lg,OOO m i l e s  
p e r  hour i s  reached and. t h e  s a t e l l i t e ,  t r a i l e d  by t h e  t h i r d  
s t a g e ,  i s  i n j e c t e d  i n t o  o r b i t .  

program Manager f o r  t h e  Delta i s  T. B. Nor r i s ,  of NASA 
Headquarters .  The Goddard Delta v e h i c l e  manager i s  
William R. Sch ind le r .  Robert  H.  Gray heads  the Goddard 
F i e l d  P r o j e c t s  Branch a t  Cape Canaveral .  

TECHNICAL DESCRIPTION 

S-3aJ u t i l i z i n g  a h i g h l y  e c c e n t r i c  o r b i t  w i l l  ex tend  
t h e  sys temat ic  moni tor ing  of  s o l a r  a c t i v i t y ,  cosmic ray 
phenomena, and the  c o r r e l a t i o n  of  e n e r g e t i c  p a r t i c l e s  a c t i v i t y  
w i t h  obse rva t ions  of the  e a r t h ' s  magnetic f i e l d .  It w i l l  also 
moni tor  t r a n s i e n t  magnetic f i e l d s  a s s o c i a t e d  w i t h  plasma. 
s t reams.  

Following s t u d i e s  made by Exploer  XII, t h e  s a t e l l i t e ' s  
r e f i n e d  in s t rumen ta t ion  and s e n s o r s  w i t h  improved accuracy  
and range, should provide  c o n t i n u i t y  t o  p rev ious  s t u d i e s  of  
t h e  e f f e c t s  of  s o l a r  f la res ,  p a r t i c l e  a c c e l e r a t i o n s ,  and 
cosmic r a y  modulat ion i n  changing magnetic f i e l d s a n d  re la ted  
phenomena, p a r t i c u l a r l y  i n  the  impor t an t  t i m e  pe r iod  c l o s e  t o  
the  s o l a r  minimum. 

The h i g h l y  e c c e n t r i c  o r b i t  w i l l  permit  the s a t e l l i t e  t o  
sweep ove r  s e v e r a l  s c i e n t i f i c a l l y  i n t e r e s t i n g  and h i g h l y  
impor tan t  r eg ions .  A s  t he  s a t e l l i t e  sweeps o u t  t o  "near space" 
r e g i o n s  i t  w i l l  t r a v e r s e  the  r a d i a t i o n  b e l t  of t r apped  charged 
p a r t i c l e s ,  i d e n t i f y i n g  and q u a n t i t a t i v e l y  measuring them a long  
wi th  t h e i r  a s s o c i a t e d  magnetic f i e lds .  Beyond t h i s  reg ion ,  
some i d e a  of' the n a t u r e  of the solar winds, solar p a r t i c l e s ,  
the  e x t e n t  and d i r e c t i o n  of  the e a r t h ' s  magnetic f i e l d ,  the 
t r a n s i e n t  magnetic f i e l d s  of plasmas, and pr imary cosmic 
r a d i a t i o n ,  i s  expected to be gained.  

I n  a d d i t i o n ,  S-3a w i l l  moni tor  and s y s t e m a t i c a l l y  s tudy  
t h e s e  r eg ions .  T h i s  i s  necessa ry  f o r  development of v a l i d  
t h e o r i e s  which can e x p l a i n  the  n a t u r e  and o r i g i n  of  t h e  
phys ica l  p rocesses  and phenomena invo lved ,  

Primary o b j e c t i v e  of  the  s a t e l l i t e  i s  to d e s c r i b e  com- 
p l e t e l y  t h e  t r apped  co rpuscu la r  r a d i a t i o n ,  s o l a r  p a r t i c l e s ,  
cosmic r a d i a t i o n ,  and the s o l a r  winds, and to c o r r e l a t e  the 
p a r t i c l e  phenomena w i t h  magnetic f i e l d  o b s e r v a t i o n s .  These 
o b j e c t i v e s  are:  
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1. 

2. 

3. 

4. 

5. 

6. 

7 .  

To map the p a r t i c l e  i n t e n s i t y  
inc lud ing  lower energy p a r t i c l e s ,  
of the magnetosphere i n  g r e a t e r  
de ta i l .  

To s tudy  the t i m e  v a r i a t i o n s  of 
the i n t e n s i t y  of t rapped  r a d i a t i o n  
i n  the magnetosphere and t h e i r  
r e l a t i o n s h i p  t o  s o l a r  a c t i v i t y .  

To determine the  l i fe t ime of 
p a r t i c l e s  i n  the magnetosphere. 

To look f o r  evidence of l o c a l  
a c c e l e r a t i o n  of  charged p a r t i c l e s .  

To determine the  frequency of 
occurrence of s o l a r - p a r t i c l e  

low i n t e n s i t y  o r  low-energy which 
may not  be recorded on ground 
moni t o r s  . 
To s tudy  t h e  p o s s i b l e  i n j e c t i o n  
of s o l a r  p a r t i c l e s  i n t o  the 
magnetosphere. 

To o b t a i n  da t a  u s e f u l  for s tudying  
t h e  modulation mechanism of cosmic 
r a d i a t i o n .  

L - m k Q n A m n n + . q  U U l I I U U A  \ U I I C I . .  _- e s p e c i a l l y  those  of 

The experiments w i l l  measure p a r t i c l e  s p e c t r a  from 
e n e r g i e s  of a few ev  to 109 ev, and magnetic f i e l d  measure- 
ments down t o  a lower l i m i t  of s e v e r a l  gamma. 

Spacec ra f t  and subsystems (See a t t a c h e d  diagram) 

An octagon-walled platform, f a b r i c a t e d  from nylon honey- 
comb and f i b e r g l a s ,  houses most of the ins t rumen t s  and 
e l e c t r o n i c s .  They a r e  mounted on t h e  pe r iphe ry  of t h e  p l a t -  
form t o  o b t a i n  the h i g h e s t  p o s s i b l e  roll moment of i n e r t i a  
and t o  a s s u r e  s p i n  s t a b i l i t y  about the  roll axis .  

The t r a n s m i t t e r  i s  loca ted  i n  t h e  base of t h e  space- 
c r a f t .  Thus, h e a t  genera ted  by t h e  t r a n s m i t t e r  i s  d i s s i p a t e d  
through the s t r u c t u r e  and aluminum cover  of t h e  s p a c e c r a f t .  

A magnetometer package , con ta in ing  three o r thogona l ly  
mounted sa tu rab le -co re  magnetometers and c a l i b r a t i o n  c o i l s ,  
i s  l o c a t e d  on a boom, forward of the p la t fo rm t o  reduce f i e l d  
e f f e c t s  from t h e  e l e c t r o n i c s  and ins t ruments .  
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Four spr ing-loaded s o l a r  o e l l  paddles ex tend  from the  
main  s t r u c t u r e .  The paddles  are  o r i e n t e d  to a l low a uniform 
s o l a r  c e l l  p r o j e c t i o n  area a t  any s p a c e c r a f t  s o l a r  a t t i t u d e .  
The paddles are f o l d e d  a long  the l a s t - s t a g e  rocke t  to permit  
their. i n s t a l l a t i o n  w i t h i n  the nose f a i r i n g .  
du r ing  f l i g h t .  
approximately 31 rpm a f t e r  l a s t - s t a g e  burnout.  
the  paddles f u r t h e r  reduces the roll r a t e  t o  approximately 
1 2  rpm. 
diagram. 

cont inuous ly  so that  a l l  data t ransmiss ion  i s  i n  real  t i m e .  
The system i s  of the pulse-frequency-modulation (PFM) t i m e -  
d i v i s i o n  mul t ip l ex  type,  meaning tha t  the  modulation i s  com- 
posed of b u r s t s  of  f requency s e p a r a t e d  i n  t i m e  by pe r iods  of 
no o s c i l l a t i o n .  Equal t i m e  i n t e r v a l s  are devoted to t h e  
du ra t ion  of a b u r s t  and t o  a per iod  of' no o s c i l l a t i o n  except  
f o r  a synchroniza t ion  r e f e r e n c e  composed of a 50-percent 
s h o r t e r  per iod o f  no o s c i l l a t i o n  fol lowed by a 150-percent 
l onge r  b u r s t .  This r e re renee  d e f i n e s  t he  o r i g i n  of each 
frame. A frame i s  de f ined  as 16 s e q u e n t i a l  b u r s t s ,  each b u r s t  
r e p r e s e n t i n g  a channel.  

136.440 Mc w i t h  a nominal ou tput  power of two watts. 
te lemetry antenna f o r  the  S-3a i s  a modif ied c ros sed  d i p o l e  
t u r n s t i l e .  The e l e m e n t s  are f e d  from an RF c o a x i a l  ha rness  
t h a t  i nco rpora t e s  a hybr id  r i n g  t o  d i v i d e  the power and l i n e  
l e n g t h s  t o  phase the elements. 

Op t i ca l  Aspect Sensor.  
a s p e c t  system t o  determine the o r i e n t a t i o n  i n  space of the 
s a t e l l i t e  as a f u n c t i o n  of t i m e .  

They are erected 

Erec t ion  o f  
A desp in  device  reduces the roll r a t e  t o  

Basic s p a c e c r a f t  dimensions are shown i n  the a t t a c h e d  

The t e l eme t ry  system on S-3a o p e r a t e s  Telemetry Systems. 

The t e l eme t ry  t r a n s m i t t e r  i s  opera ted  a t  a frequency of 
The 

The s p a c e c r a f t  c a r r i e s  an o p t i c a l  

The o r i e n t a t i o n  i s  determined by us ing  s o l a r  s enso r s  
only.  S ix  photo-diodes g ive  100 degrees  d i g i t a l  i n d i c a t i o n  
of t h e  s u n ' s  e l e v a t i o n  w i t h  r e s p e c t  t o  t h e  s p i n  axis of  the 
s a t e l l i t e  -- the  180 degrees from pole- to-pole  be ing  d iv ided  
i n t o  63 p a r t s .  
s u n ' s  appearance i s  a l s o  coded i n  b i n a r y  form. Read-out of  
a l l  t he  time and p o s i t i o n  informat ion  i s  on two te lemetry 
channe 1 s . 

The t i m e  w i t h i n  the t e l eme t ry  frame of  the 

EXPERIMENTS 

Proton Analyzer Experiment ,  Ames Research Center. Purpose 
of t h i s  experiment i s  t o  measure low-energy proton f l u x  and 
spectrum i n  space beyond s ix  ear th  r a d i i .  The data ob ta ined  
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w i l l  i n c r e a s e  o u r  knowledge of proton concen t r a t ions  i n  s o l a r  
winds caused by s o l a r  f lares .  These data w i l l  a l s o  be u s e f u l  
f o r  c o r r e l a t i n g  p a r t i c l e  ac t iv i ty  i n  space and i n  the 
magnetosphere w i t h  s o l a r  a c t i v i t y .  

The proton concen t r a t ions ,  as  a f u n c t i o n  of k i n e t i c  
energy, are determined by admi t t ing  the pro tons  through a 
s l i t  of known dimensions i n  the s a t e l l i t e  sk in .  A v a r i a b l e  
cu rvedp la t e  e l e c t r o s t a t i c  ana lyzer  separates the p a r t i c l e s  
aecord ing  t o  t h e i r  energy. T h i s  r e s u l t s  i n  a par t ic le  c u r r e n t  
which i s  a f u n c t i o n  of the  energy l e v e l  and i s  measured by an 
e l e c t r o m e t e r  c i r c u i t .  By proper c a l i b r a t i o n  of the ana lyze r  
i n  the l abora to ry ,  and given the  geometr ica l  and e l e c t r i c a l  
c h a r a c t e r i s t i c s ,  the p a r t i c l e  concent ra t ion  o u t s i d e  the 
s a t e l l i t e  can be determined. 

At p r e s e n t  there i s  cons iderable  u n c e r t a i n t y  r ega rd ing  
s a t e l l i t e  p o t e n t i a l ,  e s p e c i a l l y  i n  the r a d i a t i o n  b e l t .  There- 
fere, i t  i s  p1~nned t o  maintafn r e s o l u t i o n  down t o  200 ev  and 
provide an o r d e r  t o  magnitude a n s w e r  on concen t r a t ions  a t  ener -  
gies below t h i s  l e v e l .  This e f f e c t i v e l y  d i c t a t e s  a 20 Kev 
upper l i m i t  which i s  a l s o  the  highest energy l e  e l  expected 
from solar wind protons.  A dynamic range of 10' i s  planned 
f o r  the proton c u r r e n t  measurement, which i s  s u f f i c i e n t  t o  
cover  the extremes i n  expected s o l a r  proton f l u x e s .  The basic 

in t ended  t o  be 5 percent .  These a c c u r a c i e s  are based on 
the assumption of 100-cps t ransmiss ion  bandwidth and a 1-rps 
s p i n  rate. 

accuracy of the c u r r e n t  measurement i s  3 percent .  The 
energy measurement accuracy over the 0. t o  20 kev range i s  

There w i l l  be no mass-analysis performed, b u t  t h i s  ek- 
periment will be h ighly  accu ra t e  f o r  pro tons  as these are 
b e l i e v e d  t o  c o n s t i t u t e  a t  leas t  85 pe rcen t  of the p o s i t i v e  
i o n  popula t ion .  Since t h e  f l u x  a t  a given energy i s  i n v e r s e l y  
p r o p o r t i o n a l  t o  the square  r o o t  of  the mass, the e r r o r  i n  
u s i n g  t h i s  f i g u r e  f o r  making a h e a v i e r  p a r t i c l e  c o r r e c t i o n  
should be q u i t e  small. 

The a n a l y z e r  package i s  a r e c t a n g u l a r  box 3 x 4 x 2 
i n c h e s  weighing 391 grams. Power consumption i s  145 m i l l i w a t t s  
and w i l l  be supp l i ed  from /12 v o l t s  dc source  w i t h  a r e g u l a t i o n  
of  L 1 percent .  

Magnetic F i e l d  Experiment, Un ive r s i ty  of New Hampshire. 
This experiment w i l l  measure the magnitude and dZ r e c t i o n  of' the 
ear th ' s  magnetic f i e l d  between 5 and apogee t o  i n v e s t i g a t e  the 
t e rmina t ion  of  the geomagnetic f i e l d  i n  the v i c i n i t y  o f  10 
ear th  rad i i .  The data w i l l  be examined for i n fo rma t ion  
concerning hydromagnetic waves, r i n g  c u r r e n t s ,  p a r t i c u l a r l y  i n  
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r e l a t i o n  t o  s o l a r  even t s  and changes i n  p a r t i c l e  i n t e n s i t i e s .  
Objec t ives  are: 

To determine the  e x i s t e n c e  and the l o c a t i o n  of a " r i n g "  
c u r r e n t .  V a r i a t i o n s  of such a c u r r e n t ,  b o t h  i n  spa t ia l  
p o s i t i o n  and i n  t i m e ,  would be i n v e s t i g a t e d .  

f i e l d  i n  t i m e .  
information from round magnetic o b s e r v a t o r i e s ,  as evidence 
f o r  the propagation of hydromagnetic waves. 

Time v a r i a t i o n s  i n  the magnetic f i e l d  w i l l  be compared 
w i t h  su r f ace  magnetic measurements and w i t h  r eco rds  of solar 
a c t i v i t y  i n  an a t tempt  t o  d i scove r  p o s s i b l e  c o r r e l a t i o n s ,  
p a r t i c u l a r l y  dur ing  magnetic storms. The t i m e  v a r i a t i o n s  i n  
the  f i e l d  w i l l  be compared w i t h  the v a r i a t i o n s  i n  p a r t i c l e  
i n t e n s i t i e s .  The d i r e c t i o n  of the  magnetic f i e l d  w i l l  be 
a v a i l a b l e  f o r  comparison w i t h  d i r e c t i o n a l  c h a r a c t e r i s t i c s  of 
t he  p a r t i c l e  i n t e n s i t i e s .  

Each of the 
three  or thogonal  s enso r s  produce a n  ou tpu t  vo l t age  propor- 
t i o n a l  t o  t h e  magnitude of the component of the  combined 
magnetic f i e l d  a long  that  sensor .  The ou tpu t  vo l t ages  o f  t he  
three sensors  each occupy a separate channel  and are combined 
a f te r  r ecep t ion  t o  form the total magnetic f i e l d  vec to r .  The 
range of measurements a re  from a f e w  gammas t o  500 gammas. 
The accuracy o f  the te lemetered  data i s 1  5 gammas. 

Data w i l l  be examined f o r  r a p i d  changes of the magnetic 
These might be i n t e r p r e t e d  t o g e t h e r  with 

The magnetometer i s  a three-core  device ,  

Trapped P a r t i c l e  Radia t ion  Experiment, State  U n i v e r s i t y  
of Iowa. T h i s  experiment w i l l  measure the c h a r a c t e r i s t i c s  of 
p a r t i c l e  r a d i a t i o n  over  the e n t i r e  s a t e l l i t e  o r b i t .  
r a d i a t i o n  may be cons idered  i n  t h r e e  c a t e g o r i e s :  
p a r t i c l e s ;  solar g a r t i c l e s ;  and cosmic r a y s ,  O f  i n t e r e s t  are 
the f l u x e s  and ene rg ie s  of p a r t i c l e s  of  v a r i o u s  types ,  and 
t h e i r  s p a t i a l  and temporal dependence. 

t e l eme t ry  encoder.  
have c h a r a c t e r i s t i c s  similar t o  one flown by the State 
Un ive r s i ty  of Iowa on Explorer  V I 1  and Explorer  X I I ,  and  by 
the  Un ive r s i ty  of Minnesota on P ioneer  V. This w i l l  d e t e c t  
p a r t i c l e s  a r r i v i n g  from every  d i r e c t i o n .  
p ro tons  above 20 Mev and e l e c t r o n s  above 1.6 M e V .  

t i c a l  mechanical and e l e c t r i c a l  c h a r a c t e r i s t i c s  are on board. 
They a r e  Anton-type 213 thin-window Geiger tubes .  Two of the 

This  
trapped 

Ins t rumenta t ion  i n c l u d e s  f o u r  Geiger coun te r s  and a 
One Geiger tube  (Anton-type 302) w i l l  

It w i l l  measure 

Three Geiger-Mueller d i r e c t i o n a l  d e t e c t o r s  having iden-  
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Geiger tubes  have i d e n t i c a l  window th icknesses ,  b u t  one has a 
magnet t o  remove o n l y  low energy  e l e c t r o n s .  The t h i r d  has a 
window b u t  no magnet. They look o u t  through a p e r t u r e s  i n  the 
s ide of the sa t e l l i t e  and have look ang le s  of approximately 
35- t o  40- degrees i n  diameter. They w i l l  measure the e l e c t r o n  
and pro ton  spectrum i n  t h r e e  i n t e g r a l  s l i c e s .  The lower l i m i t s  
of the e l e c t r o n  s l i c e s  are 40, 250 and 250 kev. The lower 
l i m i t s  of the pro ton  s l ' ices  are 500 kev, 5 MeV. and 4 MeV.  A l l  
three d e t e c t o r s  are shielded by 4.5 g-cm-2 of l ead ,  except  Over 
the i r  f r o n t  windows. 

A data encoder accumulates counts  t o  feed a s c a l i n g  u n i t  
for 10.24 seconds, which i s  read-out s e r i a l l y  twice ,  as a 
s e r i e s  of b i n a r y  b i t s .  The d e t e c t o r  s c a l e r s  then a r e  reset 
t o  zero,  and the nex t  detector i s  s e l e c t e d .  An on-board c lock ,  
o r  frame coun te r  and i t s  s c a l e r s  i s  r e s e t  o n l y  a f t e r  its t o t a l  
t i m e  has run ou t  (approximately 6 months). 
t o  ze ro  f o r  a n o t h e r  six-month sequence. 

Then i t  i s  reset 

The e n e r g i e s  of p a r t i c l e s  of d i f f e r e n t  types  which can 
be d e t e c t e d  by the appa ra tus  are:  

De tec to r  P a r t i c l e s  De tec to r  Response 

213 Geiger d i r e c t i o n a l  d e t e c t o r  E l e c t r o n s  40 kev and above 
Protons 500 kev and above 

213 Geiger d i r e c t i o n a l  d e t e c t o r  E l e c t r o n s  250 kev and above 
Protons 1/2 Mev and above 

213 Geiger  d i r e c t i o n a l  d e t e c t o r  E l e c t r o n s  250 kev and above 
Protons 4 Mev and above 

302 Geiger omnid i r ec t iona l  detector E l e c t r o n s  1.6 Mev and above 
Pro tons  20 Mev and above 

Cosmic Ray Experiment, Goddard Space F l i g h t  Center.  The 
most impor tan t  problems i n  cosmic r a y s  a r e  t h e  na tu re  of the 
a c c e l e r a t i n g  mechanism and t h e  n a t u r e  of the modulation 
mechanism which produces t h e  11-year v a r i a t i o n  and the Forbush- 
type decrease. 
p a r t i c l e s  with e n e r g i e s  up to 1018 ev  and a modulation mechanism 
which can i n f l u e n c e  p a r t i c l e s  with e n e r g i e s  g r e a t e r  than 1010 ev 
both appear t o  have impor tan t  a s t r o p h y s i c a l  i m p l i c a t i o n s .  The 
t h e o r e t i c a l  exp lana t ions  f o r  these  phenomena a r e  h o p e l e s s l y  
inadequate  a t  t h i s  time and a d d i t i o n a l  exper imenta l  i n fo rma t ion  
i s  needed. 

An a c c e l e r a t i n g  m chanism which can produce 
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The cosmic r a y  package c o n s i s t s  of three b a s i c  u n i t s .  
The f i r s t  d e t e c t o r  i s  a double s c i n t i l l a t i o n  t e l e scope  
where the pu l se  from one of  two coun te r s  i s  s e l e c t e d  f o r  a 
given event. T h i s  t e l e s c o p e  has been thoroughly tes ted  on 
a l a r g e  number of h i g h - a l t i t u d e  ba l loon  f l i g h t s .  The u n i t  
provides  informat ion  on: the t o t a l  cosmic r a y  f l u x ;  the 
f 'lux.of f a s t  pro tons  w i t h  e n e r g i e s  g r e a t e r  t h a n  TOO MeV; 
t h e  proton d i f f e r e n t i a l  energy spectrum i n  the r eg ion  70- 
75 MeV;  and t h e  low-energy p o r t i o n  of the Alpha p a r t i c l e  
d i f f e r e n t i a l  energy spectrum. 

When a p a r t i c l e  t r a v e r s e s  the two s c i n t i l l a t o r s ,  a 
coincidence i s  formed and t h e  pu l se  h e i g h t  from one of the 
s c i n t i l l a t i o n  coun te r s  i s  processed by a 32-channel ana lyzer .  
Data i s  accumulated i n  the ana lyzer13  magnetic co re  memory 
f o r  f o u r  minutes  and i s  then read-out s e r i  l l y .  Read-out 
i s  nondes tmc t ive .  Channel  c a p a c i t y  i s  Z1%-per-channel. 

To extend the  proton energy s p e c t r a  data down t o  1 
MeV, a t ,hin cadmium sulphide  s c i n t i l l a t i o n  cou.nter i s  used. 
Pulse  he ight  d i s t r i b u t i o n  of i n c i d e n t  p a r t i c l e s  is ob ta ined  
€Yon 100 kev t o  20 Mev by a s l id i l rg  channel  pu l se  h e i g h t  
ana lyzer .  
s o l a r  gamma rays .  

T h i s  u n i t  also provides  informat ion  on low-energy 

The t h i n  s c i n t i l l a t i o n  coun te r  i s  connected t o  an  i n -  
t e g r a l  d i s c r i m i n a t o r  whose bias i s  fu rn i shed  by an  e i g h t -  
l e v e l  s t a i r c a s e  gene ra to r .  A data accumulator i s  
subcommutated between t h e  e i g h t  l e v e l s  and t h e  three Geiger 
coun te r  i n p u t s .  I n  each case  the a c t u a l  number of counts  
pe r -un i  t - t ime i s t r a n  sni t t ed . 
provided f o r  each read-out .  When the  mul t ichannel  a n a l y z e r  
i s  read-out,  o t h e r  i n p u t s  are disconnected.  

Appropriate i d e n  ti f i c  a t i o n  i s 

Two Anton 1003 Pancake-type Geiger c o u n t e r s  m a k  5 up the 
t h i r d  d e t e c t i n g  u n i t .  
e f f e c t i v e  geometric f a c t o r s  of these coun te r s  are s e v e r a l  
o r d e r s  of magnitude l a r g e r  than those  i n  t h e  f i r s t  package 
and are cosmic r a y  monitors .  The ra te  of t he  shielded 
coun te r  and coincidence r a t e  of the two combined coun te r s  
w i l l  be te lemetered .  These u n i t s  f u r n i s h  a check on the 
informat ion  rece ived  from t he  s c i n t i l l a t i o n  coun te r  u n i t s .  

One i s  sh ie lded  w i t h  2 gs /cm . The 

Object ives  and range of d e t e c t o r s  a r e :  

Double s c i n t i l l a t i o n  
t e 1 e scope 

Measure t o t a l  cosmic-ray 
f l u x  
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Measure pro ton  energy 
spectrum i n  reg ion  70 
t o  750 Mev 

S i n g l e  crystal 
d e t e c t o r  

Measure low-energy spec- 
tra, alpha p a r t i c l e s  

Measure t o t a l  f l u x  fast 
protons i n  reg ion  above 
TOO MeV. 

Proton and e l e c t r o n  energy 
spectrum. 
100 kev ( E < 20 Mev 

Low-energy gamma r a y s  

G-?l! Telescope 

Shielded Proton f l u x  9 75 Mev 

E lec t ron  7 8 Mev 

Coincidence Cosmic r a y  f l u x  7 75 Mev 

Ion-Elec t ron  De tec to r  Experiment, Goddard Space F l i g h t  
Center.  T h i  s experiment will measure p a r t i c l e  f l u x e s ,  types,  
w e r g y  as a f u n c t i o n  of d i r e c t i o n ,  t i m e ,  and p o s i t i o n  
below, i n ,  and above the Van Allen r a d i a t i o n  be l t .  

The i o n - e l e c t r o n  s c i n t i l l a t i o n  d e t e c t o r  has a phosphor 
powder ZnS (Ag), se t t led on a pho tomul t ip l i e r  tube  l o c a t e d  
behind a s t e p p i n g  absorber  wheel. The dc c u r r e n t  and pu l se  
count ing  rates are measured s imul taneous ly  f o r  each abso rbe r  
p o s i t i o n  . 

Ion  count ing  rates f o r  two t r i g g e r  l e v e l s  are r e g i s t e r e d  
f o r  seven absorber  t h i cknesses .  From this, i o n  types  and 
energy s p e c t r a  can be deduced. I n  these measurements, 
e l e c t r o n s  are d i s c r i m i n a t e d  a g a i n s t  by the phosphor charac-  
t e r i s t i c ;  the emitted l i g h t  decay t i m e  be ing  i n v e r s e l y  
p r o p o r t i o n a l  t o  the square  of the i o n i z a t i o n  d e n s i t y .  

E l e c t r o n  energy f l u x  i s  known by s c a t t e r i n g  the i n c i d e n t  
e l e c t r o n s  o f f  a gold  plate ( i o n s  will be absorbed) on to  the 
phosphored p h o t o m u l t i p l i e r  tube, g iv ing  measurable dc c u r r e n t s .  
E l e c t r o n  energy s p e c t r a  can be deduced by comparing the 
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responses  from s i x  abso rbe r  t h i cknesses .  The t o t a l  energy 
f l u x  i s  ob ta ined  f o r  seven abso rbe r  t h i c k n e s s e s  by measuring 
the pho tomul t ip l i e r  dc c u r r e n t .  

The i o n  d e t e c t o r  i s  o p e r a t i v e  from 1 0 kev t o  1 Mev f o r  
pro tops  with maximum count ing  ra tes  of 10 8 cps  i n  each 
channel.  The e l e c t r o n  d e t e c t o r  w i t h  a dynamic range of lo5 
i s  o p e r a t i v e  for e l e c t r o n s  between 10 kev and 100 kev. For  
average p h o t o m u l t i p l i e r  vo l tage ,  the minimum d e t e c t a b l e  
energy i s  ergs/seconds. 

lo5 i s  o p e r a t i v e  o v e r  the energy range of  30 kev t o  1 Mev 
f o r  protons,  and 10 kev t o  100 kev f o r  e l e c t r o n s .  For average 
va lues  of  g h o t o m u l t i p l i e r  vo l t age ,  the minimum d e t e c t a b l e  f l u x  
i s  2 x 10' ergs/seconds. 
response are: 

The t o t a l  energy f l u x  d e t e c t o r  w i t h  a dynamic range of 

The d e t e c t o r s  and t h e i r  range of 

I o n  Protons 100 kev 7 E C 1 Mev 
De tec to r  

E lec t ron  
De tec to r  E l e c t r o n s  10 kev -, E ' 100 kev 

Protons 30 kev .. E 7 1 Mev T o t a l  
Energy 
De tec to r  E lec t rons  10 kev q E < 100 kev 

S o l a r  C e l l  Damage Experiment, Goddard Space F l i g h t  C e n t e r .  
This  experiment w i l l  compare t h e  d e t e r i o r a t i o n  of P on N and 
N on P s o l a r  c e l l s  caused by d i r e c t  exposure t o  r a d i a t i o n .  
Four  s t r i p s  of s i l i con -g r idded  sha l low-di f fused  s o l a r  ce l l s ,  
w i t h  t e n  c e l l s  p e r  s t r i p ,  are mounted on the o u t s i d e  of the 
spacecraf't .  Two s t r ips  are made up of P on N c e l l s  and two 
with N on P ce l l s .  One s t r i p  of each type  of c e l l  i s  
unpro tec ted  while t h e  o t h e r  has 3 m i l  m i c r o s l i d e  shields  on 
each c e l l .  During the l i f e  of the s p a c e c r a f t  i t  will be 
p o s s i b l e  t o  compare the e f f e c t i v e n e s s  of  the d i f f e r e n t  t ypes  
of c e l l s ,  w i t h  and wi thout  glass shields ,  i n  prevent ing  
degrada t ion  due t o  r a d i a t i o n .  
vo l t age  measurements on a t ime-sharing basis. 

Telemetry provides  f o u r  

- END - 
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