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Preface

T lue I - \ l 1) 1- II e x p e r i m e n t  desc rih l li ~fl t h is  0 0 ( 1 1 1 1 1  ( l a s  I v I l l v, -1I f r on n  t h e

I - a r l i l r -  i r i u r i c l i e s  L I I  th e  p r o gr a m  wh ic h  L n l \ - o l v c l i  f l U I l i l i’Oii5 l i l t  i li pa r it s  r l ( ’ i l  —

iS ri t i n l i  \ i I ’ i ( l l l i l i ~ l O l i I —~ and co n t r a c tor s . ~F 1 I 1 l ( 1 ( l n 1 t  C o r l t i I i i 1 I I  ( ( I l l s  t O  t i l l ’

I - - } I - l - l i c l l ta l  s pi l l  o~~cii O I l , ’  made  i, ’ I . .  \ I C I ~ I l I i I , i i .  N a n o - i s i , 1) . N - s - o i l ,

- - H . h i l I p p i , ,J . ~, I l 1 l i l I l i _ aiid 1 . I ~‘( l l  I i  I I I  C \ i U i  • ,  J .  .\ l l ( ’  ii of ~ip ~~c.’ J ) r i t ~ ( ( ‘ 1 ( 1 .

1 n ’  - i ~ n , \~. , HI ( i\  , and ( i . S h r e p b n e n l (If \ ~ s i n i s - n e , Inc .  , V. I ‘a c i i  111(1 t I
( t i l l  ~IC ( I I  _ \ I  I I I  lie , h r , . , I ) . ( ( I i  1 1 , I - . I ( i L l -  I , I ) . ( ( I l l 0 , I , . I I ’ ’  -.1- a ii , ar i d

- I . I~~I l i I ~ ) ( I f  I i~~~~ ~‘ t t  I l r i \ , - i - , i I \  , 1) . IIarr,I’ Ii iri d ‘i i .  ~F c ( i 1 I l ( ’ l -  of i I ~—’a , Inc .
h l o q u i s t  and 1 . I i l i l I r l i d  1, 1  Tl( , I n . ,  I .  \~~ i I i t s  —~ , Jr .  • N . I ( n ’ l c : i I , ~nd

i . i l a l l i u i a n  of t i l l ’  I r l l \ l I a I I \  I l l  -\ l I 5 h Z I , I.  I . .  I \ l i i — . ( \ I I ’ ( l , l t o n i I - t r I c — -. , l i i .

ii. 5, 1 i I ~~h c h l (,f It and I )  \ s s l sj at l ’s  and i i .  ( . V i t t , . I u -  . ar i d  I l I - l l b - n I l n l t  ( o r n n r i i a r n d e r

-
. T i r o n n a s  of J ) NC ’l. The ef f i c i en c~ - and  S s s l s i , l i l - l -  It  \i~~. ( d r - i a  I n , ~~s I I I  t i l l

p r - I - j I a r a t  F I n  (If this c l - p r - I  i s  i i ~~ t - ft n h ! ~ l l L I I I I \ V I I ’ l i i i I d -
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Excede II

I I \ I I I O I ) l  ( :i’Io\

l ; \ ( : I - : l ) I - :  is a l)N ~\ / A I - D I .  p rogram designed to s tudy  auroral  i n f r a r e d

er nl i ss iVl ’  pn -  CI ssos us ing a i -ocket t ,o rn e  e lec t ron accelerator  opera t ing in t h e
a l t i t ude  range (0 t n  140 km . I h e  concept of us ing  a rocketborne  electron a c ’ , - , - h —

( - l a t l I r  in an a r t i f ic i a l  auroral  exper imen t  was in it iu l l~ proposed b~- I )r .  \ . 3’ .

St zi i  r - , 1 r . , of \ I D I , ,  in 11 171 , ‘l’hie pr iniar  sc ien t i f i c  in te res t  is t h e  i n ve s t  u ‘ a l t  11111
of ti i ’ i h ’t a i l e d  p roduc t ion  and loss pi ’ocess~-s of va r ious  , - x , - i t e d  e l ect ron ic  and
s- i i , r - a t iona l  s ta tes  result ing in optical and i n f r a r e d  em i s s i on  is I - n i l - n - L I - I S  I~~’ n arv
F - - l ( ’ ( t r ( , r i s  and t h e i r  secondary and all subsequent  L ’l n i l ’  r - t l t  i ’ ’ r n  - l oo t  r l ) n s  are stopped
i n  t I ’ -  i t t  ( si l l  ( ‘ r I - . In t i l l ’  proposed art i f icial  auroral  expe r imen t , t I l l -  dosi rig
( ‘ I l 1 t ~ l i t  (o i ls  of: e lectron ~-n ’ i - g v  and I)O\V -r , deposi t ion ~-o1~ n n c - , (b e I ) os i t io I i  a l t i tude ,

and dosing d u r a t i o n  a u - ’ parameters t in a t  n n i a ~ be control led and n u n l i l t ,  red. In
na tura l  too ’  II’S , t h i s,- exci tat ion condi t ions  r oo s t  I l l -  I n i f l - r r e d  and th e  observed

t i n t ’ :11111’ (‘IC ( O i l  I ssiOfS  t’,p i c a i l s  ar~ effects  t n i t e ’ a  m a t  , ‘ i b  over a l - a r l L1l’ of condi t ions
( I - l I - I l 01111 I - I l l - n - u , I 1 * - o t r o n — I l n i x  I I ’ n l s n t y , r i l t i i u d , - , r H ( l o s i n g  t o r a h .  Observat ions of
t I ~~ ., . I r I t - O r - a l  - t l ’ - , t s  n n ; i k e  m i t  I I ( I n l t S t I ( I r 1  1 1 1 1 1 1 1 1  I c a l / i n l l l I I I - n i  5 I111 s I I I l i 5  n u t  l , r r r n s  of

(Received for pub l ica t ion 20 1)ecernb er I 1)7 fl )
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i , as  I c  i n ” -  l i l t ion  arid I - , I l l - I -  S ( 5  I - - s c l i  I I :  V 0( 115 111’ - - -: . \ t  ( I I I ’ S - n i l , c l i i i  —

s i r 1 ’  rai~I t ’  i l i l l i  t : r i n m t ~ , - \ (i- i t - i n  I I l l -  I r n t I - r — I l i ’ e l t l t  (101 , t t  a l i n I  i—al 1 ( 1 1  o i l  i t i l  m u -  n - , —

l i n t ss o I ls  I n m c l r m d i r i g  ~- i ( l e l r  a 15-C]] m m , - , 1  feat  u n ’ - 05 t i l l -  a i n s  - r : i l  g m - I - I - i l  l u l l - ,

) ( - 1  ‘ 77 - - n i l  i ~~~~~~~~~ 
I —

2 I ’ I t i H . I {  ~~l ~ I U I

- ‘ - i t  I - , I I I  - I I ’- I I  n t i s  Ii I V ’  - been i a u n t c h i ’ ’r l  ( m l  t I n  - I - - - ( 1 , 1 ) 1  ~~ei ’  I S  ‘I f

t u l i I b ’ i ’I i u u n ” ’ r : I l  - - : I I l - r ’ r n , r l s . T I t -  pl ’ l~~~~ l - r l t  d o c s n m n u - n i t  l , c n , - i I \ i e V ( e \ , S  t I , ~ pr ~~ —

- . i at f l s  ti o n I  l , - s c c d l l - s  1 1 1 1 1 1 1 1  I sOd  f e h l , s’ - — , ’ n u  l d 5 l r i n u r l l I l  . ‘1dm i n i t i a l  t in - -n -

l t i u r c i ’ s  ~Ii t i l l -  i :~ :1 :1 ) 1 :  I n n ’ b o n ’ a t  i n - - , t n n l l u i I r i z I - I I  i n  l a hle  1 . ‘ I i i , ’  t I a s i l l i l i t S

l I t  b r ’  ct  i u - ’’pt b i a s  I l l - c n n  l l t - n n o t i - - , t m ’ r l t e ( i  tv  tw o  ( - m l g m m i e l r i n u L  I l - S t  l a r n n n c l i e s  d e s i g r i n t l - l

I ’ i ( i : (  D l .  ( t h y , I \ )  b u n s - l I - - I  ( I l l  7 ( l l t , 1 I I I - I  l l 7 1 f r i o r u  \ t l i r l ,  S a n n i l . ~ \ l i - , sj l l

( m i : - , N .  \ I .  1 1 1 1 1  l : \(  1:1 ) 1 - :  I I  ‘a - H  ( - 1 k V , 10 ~\ ) l a l m n i r I l d  F i - I l n u  P o L l- i ’  i lal , A l a s k a

13 -\ p n ’ I l  1 1 7 , . Aim ‘ ‘ H I l l  l O t  ( I - :\ 1 I 1 ) l -  Sw i l l )  m n i c l u d i i g  p l lot n l n  t I - I — — , l i q U id —

i L  c I i i  I ’ l l - I ’  1 t ’ z i d i l n r - r , - I e n s , ~m , l  s ri i O n — r n i a s s  s g e c t l l l n n ’ l - I I - r  I s  n - I l L - h e r  i 1 i s O l b

n i H  i n i r r u , - l i t S  i t s  I - I - n i  a u C l ’ l - s s f t l h l -  t l c - - : i i  i t  l ’ ohe r F l i t , A l a s k a  I ’ l l

25 i n - i t t - i a n’ - 1 70 i l l  I 1 , I r l  i l n e  l i i i  f iC pal 
~ ‘ u ’ I l d i l I ’ t i o n l  n n  , - c l i a n i  I S ’  i s , t , - r n c t i  on o i l s ,

arid m I n i i - i - l i  l i t  I t - - . ~ b - h Is h I m  5 ( 1  and  N I  l~ i n f ra re d  c h e n i i u l i u n i u u i i , - s c i t l t  p r o c l - - .-.’ - s.

I h i e  I l - t t i (  I d  i xp ( I ’ m n i  ‘ - i l l a l l l l i l l a c h  in  t he  I : ’—~( L I ) L :  s’A l i t  I a u n c l t  is I n l ’ l sl n l t h I

I s  ( 1 5 , - I l  I I  , I 7 . ( ,

I . l b - I s , \ I .  I I . ar id dones , it .  \ .  ( 1 1 7 3 )  I d n i e  ( b l - ( i I - l l l l l - m i t  s t ud ie s  ( I f  I t s -  a u i r ’ i - i - a — I I .
S I 1 I l t m l l s c ( I I J i c  m n r o m - I I I I I I I I I O ’  , i q an e t. s p : n - -  S i i .  21: 1 2 1 3 .

‘a .  1 l u l l : 1  - , it . 1. I t .  ( I  I I ?  2) I - l ~- i t  c-sr i  e x cit a t i o n  atid auroral  I I  r n  551(1 11 p a r an i l ( ’t e l - s ,

. SI c , i c l  Sos 2 (( ~ 2 O 5 I

3 . t h a n k — , I ’ . \I , , I 1~~I~P~’l . I S H . ,  and \ ILI \ , A . I- . ( 1 17 I )  A i i ’ s’, - model for
i r n t - I - l I - t  i n  ‘ ‘ V  n iu r o r a l  I I I c t r l n l n s  w i t h t h ’ -  r k t r l l o s p hn - I - , - :  SI n I ’ c  t i l l  i l l  I - F i l l —
I m I l l , l,: c I- s, , t t ’ - r , o p t i c a l  e o n r s s m o u i , ar i d  b o n i -z a t i o rl , 1 • I -~‘og I i ~ 5. I S - . . 7’)
(St’ 1 0 1 : 1 - I l l , 

- - -

-I . I D - c - . , \I  . I I .  f l u I d  I i i c k e \  , I . ( 1 : 7 - I )  A u i - n n i ’ ml e l ( -c t ro n  l ’ I m e r ’ a \  d i - m r v e d  f rom
l i l t  i l l  I , i  -,p l ( ’ t n I ) u , c I I i , i c  em i s s i on s :  I . \ I o d e l  c o rt ip u t a t i o n s , 1 .
I l ’ s . 79 ( N I l . - l ) : . , l t I 1 .

I .  5. nui ci I t l m I ( - I - : , I . ( I  ‘7 : 1) ( ) ( 1 S) q u e r u c l i i r n ’ a  l t n ’ , I n le t 1 1 - t w e l ’ n l  73  ari d
11 km , I’ lauet .  5105-1- Sol . 21 17 :7.

I , ( ( ‘‘s i t , I C R .  - I ’ ’ - ’ - . l~. ’I . 1 1 . .  l I n m I l i , I _ H . ,  - ( r i d  S t a i r , -\ . ‘I . . I n .  ( 1 1 1 7 3 )
i ’ n - I I 1 ’ - I - t  I ‘ ( I  1) 1  : 5 \ \ h l t  I ~J i b - i - i i I i e n t . -\ I” ( l t I — ’I I t — 7 3 — 0 1 3 ’ a . I - : r i v m i - u n i u u u - I i I

N n .

~

7 . 
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Table I . l’ r’o e l - I  11 \ (  - I d  )I : S t a t us

I- :~~p ( - rm ~O~~Ilt
N n n u i i n i a l  j \ l t i t ud e  S i n n u n u r a  m - i z e d

1:~~ - t  I : I t l r l r in  l ’ r l s ’ ; l ’ m -  R ang e ’  lb  - i i u I I . ~

I ’ I t h ’ a i ’.I I- : 17 oct 11(74 2 k w  110 to 1 2 0k m  \ I ’ - l s u m ’ I ’ d  sma ll
WS\ 1I t *  ( ‘a .  3 k V , 0 . 8 A)  V l ’ i l i c h e  p ( I t l - i i t l a l s ,

I ’’- c I - l h  I - m i t  gr o u n d
1 1 5 5 1 1 1  optical
n i t  e a su re nn ents

l : \ I F : I I I :  II i : -t A pi’ 1 7 3  3 0 k W  110 to I 3 7 k m n n  Rocket  bas eub
I - st  I ’ b  i t i t ’~* (3 k\ , 10 - \ )  p h o t o m e t r i c  and

rad i n j m i , - t ihc ’ da ta
and grounni  based
optical support

1:-L I I - S I t . :  25 I ~- t ,  1 170 3 k\ ~ 110 to 99 k r im i l eav i ly  i n s t r u —
~‘V ~ I l l  : l ’ I  1111 *5 (3 LV , 1 -\) m en t e (b  pay load

and the  opt ica l
ground support
sy s t e ms  s rea l i zed
good data

\‘~ S \ I I I , ~\ h i t e  Sands ~I i s~~j 1e Range , N e w  \ I e x i co .

~- , :r 1 ‘h I t  I t , Poker I - ’lat Rocket  I t ange . A l a s k a .

: 1. P11 11:1- l IE :

The in i t i a l  l aunch in the I \ ( ’ I - I ) I -  program , designated PH I- C 1- D1- , was

a N i h - h l v n l a c  R ocke t  (I - X 407. - 1 1 - I )  i n s t rumen ted  with a 2-kW (2. F, kV , 0 .8 A)

electron a c cel e r a t o r  launched at 10:20:00 1: -I ’ on 17 October 1974 from White

Sanid ~ Mi ~~si h e  I t n u u m : e .  TiE s f l ight  was an engineer ing tes t  of the electron
a c c l ’ I ( - c ’ n I t n l r ’  t I t  lie subsequently used on the heavily i n s t rumen ted  I-:\ ( : I :J ) I - : : s w l I i

“ x I ( e r m  m i l l - n i t .  The electron source , s qu a r e - w av e  modulated at 0. 5 lI z , seas

i n i t i a t e d  at ‘3km  on pay load ascent and continued through apogee ( 1 2 0 k m )  to

a descent altitude of approximatel y 80km , operating for an interval of 180 sec.
‘rho pay load was launched from nort h to south so that  the electron beam was

deposited along the geomagnetic field above t h e  pay load (h ” igun’ es 1 and 2) . ‘I ’he

trajectory for the PRECEDE launch was in the plane of the magnet ic  de c l i n a t i o n ,

1 2~ east , and the  Tiff optical station was located to observe the pay load along

the  n lagnet ic  field at approximately 1 1 0 k m  during pay load descent.  In th i s

conf igura t ion  the electron deposition volume, constrained along the  magnet ic

field , presents a m i n i m a l  source size for the photor -netric and spectrographic

ins t runients  located at the  Tiff optical station, The Denver and Cloudcrof t
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i ’ i t m s  1 :DI - :  l I n u s - I l  I i i l i l l a l i t t S  t i l l ’

‘a. - — I 5 ( 1 - I l _ l Ied  I’ l ’ S l  I ’ l l  l i L , n l l _ i l -  11

“—I ~ ~ S LV I - :V ’ c ’t r - on - - A l t ’u i g  t I e  \ l i l L : t - i I c
( i - I t t  a n i l  t l i ,  \ ~~~~ ‘ r 0 5  \~~~~ s - c t . l I f

i : , -  l iS a : -  I - I I ’ m i s I I i l - l  S ( i ’ ’ct I I  o i ’ . r l t i

1 - 3 5 - i l l - - I ,  \ \ I - , 5 1 1 1 1 /  \ l I s~- S t I  i t l i t S’ , i~~t l i l i , ’  S O i l — (  1 1 1 1 , 1 ’  1 , 1 ,  l l I I I I l H 1 1 r -

5055’ \ I , - x o - n , I i u u l i l - l u u n m :  I I . ’ I~~~ l I i ~~ l l ~~~ l . ’I c i I e d f t  I l l  l i f t ’  I

- - t i n e  l i t  I I 
- I I l l  - I , i l i  i l l  - I a i i  i I t c ’  I 11 , a —

I I I  I I I  I I  ( n ~~I b - l l i - t o i l S  Sn i ml u s

,,i i t i l I i S i - l I l t  : 1 1 - t i  V i i - i n l l i ) ,  ‘ - a n i l e - I l 5 \ S t t u : - 5  1 1 1  u I - c  l c d  n o t -  e l I 1 r n ) n n — l n ~ I i l I c, - I

a t n n l , l s i r l l  i c  I l m l r i l n i , - ~~I - l ! . r - , - I ’ - i 1 t r  v l I - w i l i 5 -  l 5 l l ~ c ta  I i  r o l l  i u , ’ l i  n o  i i i  l a l

I l ~~~~ iHl I I t 1  ‘ i l - I t  a r i d  I I l o i ’ I I  I l l -  s i /I - I I I  I I l c n i ’ I O — I \ ( l i l d  l i i O l , i - , I ) h l  :~ l ’ ~ l O t  1101 1

r l 5 I 0 t ’I i 1 l I l m t . ~ I I I I l i l i l t  l n l l l u i m ’ l r s  I f  l I l - l 1 i l l m u — I r , - I o I  V I I I I I O l  S l Id  ‘ ‘ O i l ’  l i i  l i l t

i ’l l  1 i l  i l l  5- I ’ l l  uit 5(1 Si l l I / 1 1  l I  ( I l , l u l l  l i e ’  15_i  I I  I I  - I I  - l i i i  ~ l O l l  , ~I i  i l ,  1 1 1  l i l i l t  I i

I L l  i i ’  - •i , 1 i n  I l i  i l l  - of I ’l l  I I - t - :  D l :  1) 1 1 1 1 1 I L l  l i i i  - I [ I  l i i  I I -  1 1 1  I - r H I l l I ’ l l  S I c

I I I I r i l l i l  I), 5 Si i l l us t i- i i mn ’ n i  - i  i~~~ l u u 5 - r - l l  (I I I l - u s l ’ m n s  nt  I i , -  I - I l - I - I  I - O i l  I - ,  a o l

(5 a i~i i t I l - I i I ( m i  t ’I I l i t h I l i l  In I 1 5 - 1 1 1 1 ’  - I S  5 - i V I t i  i n  L I I - :  5 1 1 5 ( 0 , 1 1  1 1 - 1 , 111 :  t I n e

1 1 1 1 1 1  r I  l I l t  ( ‘0 1 0 : 5  t l I - ( I l l .— r t O I i  W i l l 5 l  t i l l  p11~~~I 10 I h i  a l i u u t  t i l l  i i l 1 i l l l j i -  1 1 , - i d , i l l

I I  - I ,  i~~t ’ I  I~ Di I m i t  I - I l - c l  I I  u i  1 l 1 S i l I I I  i l l  I I  - - - i l l ’  I t  l ’ l I ’ ,v t i l l ’  I l l S  load 11(11- I I  b a l i:  —

/1 5 1 1 1  I I  - i i  I - I ’  - I I t o h  5 , a id ,i - i i s - l i t  ( ‘ I I d ’ n u l  I l i i i  I l l  i i ’  - - l i i  -
_ I I ,  - l i i  I L  ‘ - l i t  a l  I I I  i I l l ’  I 1 5 l 5  I ’  1 , 1 1

i a  I I ’ ’  - I l , 1 V  l i i i ,  i l l  1 I I I  ~1- . ’ I ~t 15 1 1 1 1 - I l  a n t s  ( m I l d I n I  i n o u n  i I I I ’  511 d m 1 1 1 11 1111 l I l t  t w I l l  i s )  ‘1 I I  - S i t s

V i t h i  I l r t u l l S ( l i i I i l ’  i l l I l i u l I t  l l x . i 2 t ’ n l .  I i g u t ’ -  -I , t n - o s  SI l l i t \  n i l ’  ( 1 1 0 1 11 - u  I t  I l l ?  c i i

1, 11 , IS S I i- t ii ’, 1 - I I  I S I l i n  i i i  I I I  - i t  l I t  1 1 1 ( 1  I i i  ~: I~ - i l l  i l l  I l l  1 1  ‘ I n n ’ ’ - . - I - rn  I . - L I I I  i t t  - - - i - a I I  - H

l I f  5 5 0 0 1 1  S I l l , t i I i .  . - \ l I  t l u  d1~~t l l i I I  O u l t I n i o l  H ; l t i I l I i ~~ ‘ i i  I H l l l , i i  - l u l l  1 1 1 ( 1

i n s t i l _i I - i l i l l ’  l I n t  — - ,‘,- l o t - h  1’ l i i i  , - l  5(11(1 t I l l - _ I - I l  t i l l  - I l l s  I I I  ‘ ‘ - i t  m l  I l  I —a  t x  n i  n u i  f l l r
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PRECEDE EXPERIMENT I7 OCT, 1974 WSMR
2 5kV, 075 AMPERE ELECTRON
ACC ELERATOR - - -c4M~~- 300mm f 0.9 DELFT- 

I •~ ~~~ - -

NASSELBLAD
F ILM KODAK 2485

LOCATION RADAR TRAC KED
OPTICAL MOUNT AT DENVER SITE

ALTITUDE 120km ASCENT
16 SEC EXPOSURE _

1 111,5. - -

- I- I l _ I  I~ I ’ ’ O l i I , i _

- - 
I _ i  - 11 i~ I - i t t ’  -

ALTITUDE lOB Iro SESCENT ~,- - d l - - - - - i . s l r ,~,-~ -

5 SEC EXP c iSuRE i n t l  I I i t ,

A L T l T ~~iiE 102 kr ’ ~f -:5 NT
2 SE EXPOSURE

BE -3 M LE S - 
‘ r’ H ‘t~ to

S I _ i l -  3 .  t S l l l t l l l ’ i ( l i l s  l i l t : , - ’ , L \  I ’ l l , In c . , n f  t ’ , ’ l I t l t’ l ( , \ I S l r ’i i’i , - t I S n i l
I 1 - - I l  i i  - n~ I 15- i t - ~~I i—S I, -

55 H l t l s l : I u I — i l S t S i - ’ i (  i l i i - l 5 - i ! l J  .-:\ 5 i I ’ : l i ~~~, 11 11 1 1 1 1 1 1 1 t O l l  i t l l ’ l t  _ l t t l t  n - i ’ —

~ l m H I t  1i m i t t  I I I - I I  - I - - — 1 1 1 1 1  a r I d  il IS c l i  I l l  -~~10 5 , r i  I ’  I I ’  - m u  V I  - I s  - t ’ i l  - s i l l  S I l O  I -~

a .  I I O I L~ sis 2 ( 1 - I I . - - i ’ L l -  1 1 1 1 1  i _ S  n - - .— s d i a  - i  I f  t I l t ’  l i l i I ~~_i I u t :  S s s t  l ’ 1 r ~~~~ Oh -

( 01 ? I ’ S I C k i  I I L  1 1 1 1  i s I t l i  I f  1 1 1 1 ’  1 1 1 1 1 1 1  u I I I  I l t m l I t S , I - i l l  l~ t i S  - : 1 1 1  l .~~i I  I - ’ - I i  i l l  (‘ ,1i 5’~
- l - n t -

( l l - ’ elSi u l n i l - l I  i S  t I l l ’  5 1 1 0 1 1 1  r - ( l ( 1 t - i i  r O l l  l a t l l l o t l l a n i  i S  1 1 1 1 -  t l I l a D ( I l l l l l  m n i S I L 5e

S i  1 ( 5 1 0 ,

I a -  1 1 1 1 1  i . D l ,  1511101 I ,  i l a  i l - I t I , i V  5. 115 i l I l i t i S S l i ’ ’  I s w I i  ( ( I a n  5- I ’ - -

I l S I l  - I l c i 5 - i h . l l h i n i : i I l u -  t I l l ’  m I t I i - , l -  l I t  t I l l -  1 5 5  1 1 1 0 1 1 , 15011- l b ’ 1 1 l l . S t I ’ l i  , l i l l t V I ’  I L l

1 1 1 1 1 0 -  I , e  u i i , I : i i t i E l I - l I t  1 5 1 1 5 - i l I I I I ’ U S C  3 l i i  : i l t i l u n i n -  ( I l i U m l I l  s \ S t  ‘ I . ,

H I I ’ l O  I C  - I t i l l  I ( l i t  ( ‘ I I  r I m E ’  It- i _ I t O _ S I  I l i t  I I  - I I ‘a I n  - 5 - I  I l l ’ u ~ 1 1 1 1  n - i  i i i ’  1 1 i , ~~ , -  ‘_ ( I I  - i i i  - - I — t O  and

- a . -, 2 a  ‘l l l_’ I l l  l i i ’ ’  0,1  i I - i ’ I ’ l s l i t - i l  l i i  I l E l l u n ,  l i t ’  I i i , 1 , - n u 5 u , - I I ~~ I l l l d c C t I t I I l

- I i  l i l t  i l l  S i l l  ‘ - l i l t ’  - I i i  l i l I l l  I n I I i i  I - u i ’  - 1 I I I  ‘ i  I LI I~~ ’ I ( ~ / 1 1 1 1 1 1  I l l _ i  I I I ’  I n i e l I t  I ,  t i l r



_ _ _ _ _  -

M A I N  BEAM ~~~~~ CHEMIL,lJM NESENCl~~~~~~~~~~~Vr
( 2CK) m by 20m ) ( ROCKET GAS ) -

—--~ I
__ 

_

ROCKE T ALTITUDE - 100km

I I~~~t i ’  I 4 \t I I  1 , 1 11 i I I 0 1 1 1 — ,, I l I l i  ~I i l I l i (  i d  i ,\  I i ’ -  b ’ i i l - : ’ l - I I :  I 115101 1 l 1 1 1 1 I i

I S  I i  i n ,  I 1 1 1 1 1 1 1 1  I I I  t l i n e  ( I l l n i i l l  I l I f t ( n I l t l ( , l 1  ,1-~i f ’ ’

I i i ’  l I I I I f l l l l t i I l i l S  t , f  11 1 5 -C C  I i  m l . ,  1 , 11 
\ \ i i I l ’ i i  I ’ l l - I l ’  I l l i t I i I l I ’ i t  i i i  55 15-p or t  i i i  I L ’  i / l I L t

I l - I  t n ’ I I i S — L l I - , I ’ l I i _ i t l ,  - _ ( I l - I ’ I I I i I - I I I  I I I  I I  I t  L l l _

I. I 1 1 1 1  I I  I I - . ’~ I

‘ I ’ l l -  s e c I I ( i l i  I S l I m m c I i  r i  I i r l  I ” , l I l l ’  I l r l l H t t I t l i  I i l I I . O i i — t l l t  I f  I I  ( L t - , l l u m ’

( I  7 ~- I  1 m I . - I r u n t t - i I , - i I  o i l S  I I I  :1~~k\ I 1 , I t t ’ I l i l  l c l ’ , I I m l u l l l m ’ s , l I i I I l t l l u 1 T ’t l i t  r I l I t I l t —

r - I - T ( l ’ uI , l n i s t m ’ l m i l . l - I i m s  I l l  f l i , - : i : w i e  i f i l r t i c l e  f l u x  a r i d  V l - t l i c l e  p I I t l ’ r i t I S I l , 11011 1. — b a n d ,

D~~b a m n i , ~t n i ’ i  S — i n a n l l l  ¶ i - l l i u o i u l i l t l - i 5  I i t i l i I I t i l ’ l i  f i ’ o n m i  l ’ ol’ser 1 1111 i l l - s I - a r c h  l t ; 1 1 1 m _ S -

-
~ I l l - i l _ e r , \ l .  1 , ,  — , - i u j I - n - , -1 , \ I . - ar ~ l \ l a t - i l a , K ,  ( 1 171 1) 1 : 1 1 1  l i e p o s i l l o n i

I I ’ , a l i m ’ I l l ’ a l  l - I t l t r l l i i s  i l l  t i l l -  l t i u i l l S I l t i I r l  - 1 _  1 \ t i i l l l t - , .  sn o t  T en ’ , I ’ h v s ,
12 ( \ . , l , ) l O I

.1 , ,  S I t / t I , S . \ l  . ,  a r i d \ l , I I u I , l , K.  ( Is  t )  5 l I l l I ~~ ~~( ‘W I l - S l I t s  on

‘ I I I 1 1 1 , 1 1  ! r l I i i s t l t l r ’ t  i l l  l I 1 1  , I t I i i l I S l I l i I l ’ l , 1 , .i\t ~ i i ( I s .  L l n i l l t t u - n . I ’ l i \s s _ .l~~i l l l 1  —

I I i i  ~~~~~~~~~~~ I r i i - L ’ - l _ \ l _ l . _  l l t ,~~i s: , 3’ . N , - l I ’~~~_ . - , , ‘i l
__

I . , l~ n s t t t , I ; ,  1-: . ,
— t t : l 1 : I n i t l I I l S i l I l . _ , I - : , ,  m i n i S  \ l S l I l - r ’ , I ; , ,I . I I .  (1 7 1 )  : \ n -t i i I d a a l  a l _ l i o n — a  I - ’ -, f t l - r m m r r e ’ r n t :

l . - . j l u  n - i n n  t l 1 t  1111(1 1 n 1 i I w I I O I I  I t - h I t s , :~ - 
( 1 1 Y~

I.l L~~~ ‘ 7( 1 ( N I t , 2 . 1 (111 ( 7 .
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ii  l ) l l : _ I D : 0 O  I I ‘ n i  13 A p i ’i I  1 ’7 - ~I n l d l n ’ I I i 5 -  11 I I I — m i l l a  I I I  I l l l I . S i m i l l i  . 1 1  1 1 1 1 5  I t  -

e l ’n t r Ir ~ L I I I ’  - I I  - I t  i l l  i’ s— I n i s t l i \ - l ’ n - t  ( ‘ n I t  I s  p I I I S — i e ’ h I  I n n t l e l l l ’ n i l i l - r l r  I s  - ‘ - I n  11 1 “ a l  1 1 1 _ ’, l - m ‘ ‘ u l n ,  i i

t I  l O i s  - I he I I I ’c t . ’ I t ’  1 1 1 1 1 1  i i - , 5 0 1 1 1  S t i l l  5 1 1  ‘ i i  I t  11111 k n i  i_ Hil l  I 5 1 ,  ‘ I l l  ( I - I l  5 - n  l I l t  — 
I

( 1 37 k n i  ) t n ~~’ a p e r I  I l l  of I Oi l  s t ’ i -  - ( ;r ’on _ l n i d —  l o i s ,  ‘ I i  i r l s t  n u l l  I I  - i l l  1 1 1 1 1  ‘ m m  I I t t  lo t ’  I I  S ‘ - I t ’  —

1)111 l t , l I h i I - (  I l ’  i I l I  I O n  r 1 1 1 5 -  H I  4 and ‘a a 77 A 1 1 1 1  I S  .o i l ’ I i  S I l l S  1 1 1 1 1 0  I I , : . i s  i t I I  - I ’ ~ i s  ‘ ‘ n i
s \ s n I - t n s  s l t n l i l t - i l  :11 s I ’l l ’c t t ’ d  g e o g r a p ir i c a l  l I l .- S t i l l i l i - , w i t h  i I s 5  I l l  I I ,  h i l t -  1 1 , 1 5 - I l

m m - I l e l - t l I n - \ - l ine  o p t I C a l  1 4 1— o n _ i r I S  s t a t i o n s n i i m i n m u a l l s -  h a l - t I - u  t l i t ’  I I l i f i l - I L l I
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I Ii— - ’ ‘nt I i  - I ‘1 :1  h i _ t i ’  I h i  s ’ ’’ . ( 1 1 1 1 1 5  ‘ I i i  S t i l l  s l iu  ‘ I t  — 1 : 1 5 - I - I It It— a I’ l l  I I I I  1 1 1 1 1 1 1  I I I  I I I  I’ I l _ i l

1 i 1 ] l i l l b n i I I I s - I s - t n_i I I  1 1 , 1 1 1 1  11111105 I t ’  5 1 5 - 1 1 1 1 5 5  t h e  I m C . I b : l I  ‘ ‘ i t  I i
’ n_ i_ m il l III

m’ A I l i n I i ,’II ’I ’ il l l 1- 115- i l l - I ’ d  I t ’ s  il r e s-rm_ iia l I S I 1 I 1 I I I 1 I I I n  ‘ I ’ l l ? ! :  l I m e  im iSt l’i _ l C I ’ll, l u _ i l I n t ’  lii’ . l t t : - ’ i
‘ n u t - l i : ’  I I I ’ ’ S I l l — l O l l  I i  I l i _ - I l l ’ ’ ’ - — 

t i n , ’  I ’ l l t ml i’ ll h : i  1 i i i  m l  l u l l  11 11— I - I l_ I , , - n ’  i l l  1 1 1 1  i _s-( I I - I ’  I I  n i _ I
? “ e t t l C l  5 ~~~ - ‘ I -  IS t1 -1.i—ui t s - ’ Its-—axis 5 I I l l l ’ C t ’  1 1 1 1 1 1  is l l l I t . l l i i l l t l I 1  i l l - I l l - , ’, - l i l t ’  u t , ’ l - ‘ - i —

z i l ’ r l m ’v I :  i l S t , I l ! 5 -  i ”  l i m e  i i 5 b t ’ U t i l t ’ i I l  ‘ t l n - i l i i . I )  i s - n i  5 11 1 -C I f i d l , I l I l l u 5  I l l ’  t I _ i~ i i u l l ’ n ’ —

- u - - - 1 ’  i’ 1 1 1 ’ ’’ 5-m v ‘II I l l I ’ s- I l t  - 7.

T - i i t l t ~ 1 , I - ’:\l 1 1 ) 1 - , II: P a ’ s - I l ’ s - I l  i l l — i l I ’ l l  l : n t - u n l  - -

I n _ i s - b  m’l.lmmIOl _ iI ~‘1 l7e (in. ) J \~ I ’ j L t l l t  ( l I t 1

l 1I’dl rc ,Ii i l C C I ’ I i ’ i ’ t l b l I l ’ n-’ 12 12 es -ac h - I I II ‘ ac t
(‘1 10011011051 48 52 1( 11111 1 21) to ta l

I . m ’ ( n l d  \,, in _ i t I - r I -I ’  l l l u l ( ’ t d l ’  10 28 60

l~~\ ,, e V  I- spect 0 1111 n I ‘Icr 6 1( 1 2~5

I S ,, r ad iome te r  Ii ~ 115 2 5

I l I e ’  ( \ I’ ’ s- pe ’ c t  roI t _ i et e r  10 2-I 75

I \ /  v i s ib l e  s l l l ’( ’t ro n _ i_ i e t er  10 ‘~ 24 75

I-’ i lo to n I le ter s  7 2 ~ 1 . 2 5  eac h I each
( 51 u n i t s )  7 x 2 x 6. 2.5 total 5 total

( an ie-r a~

I)iagnostics

RPA
impedance probe

Magneto meter *

2 1 8 5

*The s i ze  and weight of these instruments are not defined and/or do
not significantl y contribute to t I _ i c total pay load siz e and weight.
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‘l’ t , ( t le 7. S\ VI I I  [n i t t ’ l ’ t I ’ i ’ l l u l : t ’ l I ’ l ’  i’t p l ’ l ’ i i ’i t ’ l l l l l l u i s

T Sp e’ctr ’al i i t I i l L ’ I ’  2. 0 l I t  t . 6 s - Ill

( I I  ‘SIll lit ( I  I I I  2 dl 
I

1- l , - l m i - l I t \ 1 1 W  2 . 2 10 ; 1 . 2 5 -  ~ l 0 3 sr

,‘)ls-l 11 T i n _ i _ i t ’  2. 0 5l’d 111 1 1 1 1
( 1 . 2 s - I t  i - i  n ’ s - C ’ ’
I .  ( 1 .s-d~~ll permItS

5 - I T K l -l 7 - l O
~~~~~~~ \t CIil Sr

1
Ci_ il

I ) i n i u ’ u i s n i t n s  10. 5 v 2 1 L 5 1  i i , ,

I I I \ i l l o t  I T ’ l l i l v l t l l ’ u i t ~‘l ( I l ’ u ’I  1 111 I i a d i a n r c  I l l

I ’ s-b 1 01 .1111’S v a l t n e .

- I l ’ l I ’ C l l ’ I I f l — I ) e l I l l I  ( 1 1 1 1 1 — , , ’  b
’
’ l i ’ i l i i l i  a r _ i d  t h t ’  i l t l ’ l ’ l l l ’ I I I I . I ’ l t ’ l ’  us-l_’lt i : s - I ’ l l  I l 1 1 i ’ I ’

i s - 5 - l I’, ’, I l  i l l  I ~-~ nn ’ t - 10 .  It is ( t I- ’ .(IIIs(-I I th l ll the t ’ h ’ d I I’ I I l I a c C l ’ l ’ - l ’ r i t O l ’  t i c ’  pu lsed fn ,r

4 5 1 1  fol lowed ( u \  a 2—sec off (Il-n od , a S t ’ l ( i I l ’n l .’t ’ l’ t ’ ( i I - I l l l - i l  i l _ i  01_ i i s - — s- I l ’  m i l l s - I .

h r  ti l l ’  i_ l u i ’ a i  11111 ,t f t i l l -  eIi h ll’di 11, l’l i , In 1 1 1 1 ’  n i l i h i a l  12 s- r’c I l l  l I : I ~ I l l — s o C

( t i m i  n i l ’  I’r ’ anf lo , t i l l -  i - n I — I ’ I I ’ C l l ’ l l n i — g u n  1 1 1 1  11111 11 .—i ar e  s- i s  i l l ’ i u l ’ u l u i l l - , -s -l ’. i l n u l _ ’~l ’  1 1 1, 0  1 S I - s-

( I I I ’ S  i - b I l l s -  ot t o t a l  ~~u m ’ r ’ , s - _ iI i t )
’ 11) . \ .  ‘ I t o -  t i _ i i I ’ S  p u l s l ’  in  I ’ s - I ’ l l  ( I l l s - I l -  i i ,  p l ’ i l \ ’ id( - d  I l ’ s

a s i l l s - - I l ’  l I n t I S i _ l i l ’ , 1 1 1111 1 l i  I 1 1 1 1 1 1 1  6 , p00 ( IU CiI1 5- a I i l — .-\ I l l s - i .  This  ( 1 1 l L s - ( ’  I 0 I ’ l l  I l l

(‘ l ’ l t l ’ I ’ n s - I I i t S  SI . t O l l l - r c e r t t  ( l i _ I l ’ s  I ’t l , ’ t l t I ’  b i l l ’  t t u , -  l 2 l 1 1s-\ ’i ‘ ‘l o ch  1 1 1 1 1  ltd l ’ I ’ I l ’ n ’ l l b  I l l ’ , As

i n  I- m s - t i n ’ t ’  6 , gun  1 s s - i t l m  n l i l m l i n _ i i a l  Cat lu lIdI- se ns on ’  s - l ’ l t i l l ’ i l l t l l S  ( l i ’ t l V i ( I t S

ISo l ’s ( I i  p e r c t ’u m t  n i ’ t h e -  to ta l  l ’ t m i l m l l i t d ( ’  p roduced I ts  :i f i _ m l l — l l t l n ’ ; t ’ n ’  O C C I ’ l I ’ I ’ I u —

11,0 b Oi l s- I’ Its (15 - s-I- I ’S I’ll (1 ’, t i l l ’  payloa d 1 S I’iISl Il ’ i-,. OIt SI ’n’\ - II I IIIII of l i lt’ 1 1 1 1 1 1 1 5  I ’  I — 11111

St i l d I  I s -  5 0 1 105 1 5 i ’ l I t i S S j l h l i n - A  svith I l l - a m  cu r r e n_ i t  (tl’ ( l\ ’ A i I I ’ S  II I i : I ’ l , s - i l l ’ I ’  u s -’ t i i ~ ’ 1 1 0 1 1 -

i t I - p ~ ’ l m u h - i l 1  o m i s s i o n _ i  n - l i t ’ -  a.s a f u n c t i o n  I f  i l l I s i l I g  I u i l i I . 1 1 1 I I I 1 I I I _ l b - s i l i toI ’ll m at ioli , i l l

b l I l ’ u l , l u l ’ I I V A I I I ’ ,s- m r m - , i g h _ i t  i n t o  t h e  i t a sj c  l l l - r ’ o n m I I l l u i l ’  prO diIdliOlI 1 1 1 1 1 1  l I I .—,s - ,  ( I  I ’ l ’ l l ’  s- SOs-.

,i\t t I l l ’  1 ( 1 1 1 1  t_ t l  1 1 111 I t t  1 511’ Ii I — s--il l-’ i ’ le ’ci r t l l l ’— l l l ’ t I l  i i  I t t m l  u s ’ ’  II - s- I
’ l t d  u n ’ t 1 1 1 1 1 1 1 ’ s- Is-’ St ‘t 5 -u i_— s- I -

t I l l l O A t h , - . -, 1( 1 0  m n l , - r t l - l - l I l l m l ’ l l - r  n t - I l - a t ’ , ’  d l ’ i v l ’  s v h i i c i r  ~us c - j t  i I I i l : s -  I ! , , -  l u l l S  5 1 1 1 1 1 ’  l _ i 1 I I ’ O l t i’

s-h t he  - - .1 I I I  Ibos l i l i m .  H_ ic m i t  I ’ I ’ l t ’ l ’ l t u l i I ’ I l ’ I ’  1 1 1 1 1  i l t I  l ’ Is- s - S  Cal l ti l t ltt0) Xmn _ ila t el~’ 0. 2 5 1 - I ’

l i l t -  1 1 5 1 1  pu ls ’ . I ) u r l r _ i g  h i l l s  0 . 2 — s t - ,  ( I t ’ l ’ I I I I I  (liP i l u l I \ l t I I l O  0 1 1 1 1 1 1 1 ’  I S  n ’eu s- t ’t
in _ i  h i t- -i t t n t  position f ron t  I l l _ i ’ s  phi _ te e  O u t h It i t s  o p e r a t m n _ i g  i n  I l l I t i s -  111111 t i l l -  e -le ctrt ll m—

~ 
i s - ’~ t i u .  i nd i l d t ’d  a iniosp }n er ic  t ’ l l I i . S S l n t i l , S  I ’ l’i I Z l i I l i S l l  an a5-part-eit 5 1 1 5 1 1 1 5  s tat e  in t e n s i ty

~t , s  v i t - \ ’ ,’ I - u l  f rom _ i t  t h e’ pat --load. ‘F i l e ’  apparent  st - s - u t ’ s  st  l i t  I - i l _ i l l s - u s - i l  i - s  t i n ’ o controlled

I ~v t I l l ’  l I e ’  1 1 1 1 1  5-1 1 1 1 1  t I n y , 5-OV 11 1 1111 t 11111 ‘ I l  I t  r\ , and SI m m  I l l  I t ’  I I  l I t  ‘ i l l  at 1 1 1 1 1  IV I I’ll’ the hulk
of h u t’ l n h I’L t ra II’II I’I )I ll fl _ i fl r a di sllll ’l ’ 0 1 1 1 1 1 1 ’ s- ft ’o r m i t I n t -  1 1 1 5 1  t e s s  1 1 1 1 1 1 105 r_ ie a t ’  t he  p a y —

1111111 , as s i rown in I ’ i gur-e  7 for ti _ i c  case of prompt (‘t_i u i s S l l t l l , - ’, ,~,s sb’w e’cl 5-v t he
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SEAN
CURRENT

(A) ACCE( ERATOR PULSE FORMAT

~~~~~~~~~~~~~~~~~~~~~~~~
TIME sic )

0 2 4 6 8 $0 $2 $4 $6 $8
S I I m A 1 _ A

8 SEC PULSE FRAME

[ BE A M - I BEAM
ON T OFF

J.1 INTERFEROMETER RETRACE PULSE fl
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

TIME (s ic)

l i ’ l l i ’ t ’  I l l  . ,- \ t ’C t - l , ’ r ’ a t o n ’  I ’ u m l s - e  l ’ I t l ’ l i l l l h  till S I l t h t ’ n . f e l I I C e’ 1 C SI’s - I l

l-~ate

I i , ’. l l , I m u I — I I I A : s - I ’ d  0 , - n I s l I r s - , t h e  I ’ I I ’ d I  i ’ t t l I — l l l . t t I l I  I l l l I i i l I ’ l l  1 1 5 - 1 1 1 1 1 1  1 1 1 1 1  I l t I  1 5 , 1 1 1 1  l ’ l l n l S S l l I l i s -

I l l  , u l l t l i l ) O l l ’ S  I t ,  I ’ . - . l l l i m l I S t I  al_ i l’ s - .- , t ’ i l l l 5 l I l ~ l I l l i S t l i n i t  5 1 1 5 - I c  I l l  I I  ( ‘ e l ’ i l l l i i i , i i i ’ l m  I - - ~~~

t h a l i  1 . 2 - - - ’ ’ - . A,s 5 ) l t I S . ’ i I  in  I - l g u I ’ I -  I f ) , t i l l ’  i l i t t ’ I ’ l I ’ I ’ l l i : n t ’ l t I ’  I ’ l l ’ ) l l l t l ’ _~ 1 i t - i _- I t ’ s

‘ l u l r m l m i 4  t i l e  i I l ’ I I I I n I I O  l I ’ r l l t i I  and 1 ‘
- - ‘ I t -  S u r r i m s -  t i m e ’ , i i  ( 1 1 1 1 1 1 W  I s - ut’ ‘ - I t - I - b

I I t  ‘at _ i n ‘—1) 11 111111 — I l i t  ( 1 1 1 1 1 1 1 5 lb I I  - 1 1 1 1 1 5 - 1 .  I t ’  - I I  - I  - 5 - t i - I - I  I I I  L I I I  . 1 1 1 1 . . - ‘ ‘ I ’ I I I  - 1111( 1 1 , 1 1 1 —

- -  I ’ l l - I  5 - e l , t I m l  - .- \ I l I ’ I  l i l t ’  1- 1 st - h 11(11 1’ h u t  C h i t s  l I m I e r )  l ’ I l I l s - t ’ l I i i l l s- c t ’  .11  t I l e  .s - l a n ’ t

I f  ‘ l i t - I n  t ’ I I ’ I l n l l l l — j l I ’ I I l m .  I t u i s t ’ , t I n -  l I l t  t ’ l - l t - l ’ l I l l . e I t ’ d  l ’ I l l I I I I l i i l ’ s  I I I  ‘s - O I l  I I  ( ‘ l t l I : l I l l ’ l i m l 5 -

I i ’ \ d I l ’ ’ s -  l l l i r i n g  t i l l ’  1 5 — s- -c  I _ i l - a l l .  1 1 1 1 1 . - c I I I r i l d . l ’ i ~e 1 , 1 1 1 1  — I t t  t l l l i m , s - I l m l I I i ( l 1 ’ I ’ l t  ‘ i t

- n t - i t ’  tIlt’ t t C I ’ t - l l - n - . , l l l r — i l l l l i m l ’ I ’ n l  I ’ i u m i , s - .S l I l I l , s -  111 001 5 10 1 1 1 1  Z t l l i t t i t i l l  . t l ’ : l I I : S ( l I m I ’ C I ( ’ I , ’ s t ’ I

I l l I l t I l t I ’ s -  ‘ 1 1 1 1  It 1 , 2 —  -il l’  1 1 1 1  t ’ l ’ t I ’ l ’ I I i l i I t t I n’l’l l ’ tidl’ . I i i  I l l - I l l’ I t ,  n’ t ’ t t u t m l ’ . t m i t l n h l l ’ l 1 1

b i t t -  i f l t I ’ I ’ f e ’ r o gr a l i i t s , I I is 1’e~ll i_ li 1’ell t l I i l t  f l i t ’  l ’ l ’ l I l t l \ t ’  - 5 - I t ’ l l I l l  l ’ t I i h t I n i l I ’  I l l  t i l l

I I i mm ,I_ O t fI- II l ’ l I l l S S l t t I i I — l  ( I I ’  - 1 1 1 1 1 1 1 ’  1 1 0 1 1 1 1 5 ’  3 i _ _ i  m l i i  I - I s - e n ’  I t I i , t ’ b I l s- , ’ l t l l .  I ’ I l l s -

l i i  Sl i t i S f i l ’ S  t I l r  h u t ’  I l i ’ i I l t l l n , l o t  l ’ , l t t ’ n ’ m l i t l ’ I I I l t d  t I n ’  ( I t t ’ s  I t s - , , )  I I I ’ i I ’ H t l l i i l m u l  — l i t ’ s - i l  I I I

I ~l I_ lu r e ’  15 111111 t h e ’  1 1 11 51  i~g t I l l - I  i~ s- I sho svn_ i i l l  l i  11 11 I I  I l l _ A s - C  (11111 5 - tI m t - m i , ( l i t ’  C I l l ’  —

I I  I I  l u l l  ‘ tI n’ ~S , t l  t i _ I l l  I lli te ’S 1 1 1  1 h t m n , I ’ I ’ \  I ’  1 1 1 1 1 1 1  m , ’ ’ l  l ’ l l l  i s - I s -  I l l i  I S  5 5 1 1 1 0 1 1  0515-I I l l s  tt h 1 1 1 1 1 1  I l

l I n m O i - i t _ i ’s’~ I ’ s - I l ’, s-t b l i l l  - i ’adj 1 1 1 1 1 1 ’  I I I  111, 1 1 1 1 1 1 1 1 -  1 1 1 1 1  i -s - I l I l t ’,’ 5- 111111101 i t i l l  i s -  I l l  I l i l t  ‘ I t  — i l ’ s  .1 l I ~ -

11 ) 1 1  - I s - s - i l l  l l ’ t ’ l d  I l l - I l l :  i l ’

1

I s



I n t l u l t ’ 1; . 5- .- , I l l i l t t l I ’ i i  I l l i e r f e r o n il - t e r  S ignal  to S~~i se ’  R a t i o s
( I  I l h t i m i  11 1 1 i t u e l e  110  k I l l :  1 21) k W  l ’ le ç -t r on i  l l l ’ I - l ’ l e r ’ l l l  110)

,-‘t s  l - r a 5 - I ’~~~”J Avi ’m’ag e  [ Signal
l - ’ t I i i S S l l l I l  I l t il ’ lti s- i t \ l I i $ t , I I s - l b ’ s n i IllIt ’ ll s iIy I t, SIII SI ’

( , , m i i )  
- 

( \ I I I )  ( .\ I R  ,~~m n n 1 ) (t 1’10 ’’2 sr ’ I t l ’l u I ) 4 , _~~~ 5e l l u t  ‘*

2 . 7 270 1 151 2 .  . 1  V I II I

I ,  :1 3 11 12 ) 1  11 , I I o l O  20

~~~~~~~~ 
1 , 1 111)  

~~~~~~ t~1 ~~~.\sl’ Il i l : t -  i I m l ’ ’ I m . - 1t I1’ .’-~ an’ ’ h a - - I  I I I  15-c l’ I’ .-’Lllti’i I I I  ‘I’ ahle 1 ani d I ns- b i n n n a t e d
I I I  iS s - i l l  t i l l ’ s- .

s- i’t i I ’ I l l t J i l l  l I l t i S t ’ 1 11 11115 l i I ’ l ’  l a s - I ’ l l  1 1 11 i_i 1—ill _ i gle I I I L I ’ I ’ l l ’ I ’ I t l l t l ’ l e ’ l ’  scai _i i l I r
t i l l ’  I s - i  I ’ U I I I I ’ i l l  _ s - ( I I ’ l ’ i t  1 1 , 1  1 1 1  able 7.

.‘\s- I l l ’ i l d : l l ’ - . :  l v  1 111111 ii , t h e  s ho rt — -, s - t t s  I ’  i i m I n ’ t i r ’ t ’ u I  l I l t  l ’ I ’ I l ’ I ’ I , n u I t ’ t I ’ l ’  IS anti—

c r j t a l l ’d  III l I ’ s - Il l ) ’, 1 1 1 1 , 1 1 1  t h i c ’  ( ‘ i l i l S S l , l l u l ’ - 111 2 . 7 , -I .  1) , s-lid 51. Is - n _ i -,v i t h  s t n t u —

, i I l I I b  I l l  1 - 1 1 5 - 1 1 1 1 1  I i ,  1 1 1 1 1 5 1 ’  l I l t  I l l s - .

A mil,1I _ ilhel ’ t m p i I h t t I I I l . I ’ t  I ’ l l  and r a d i l l I I m t ’ I r i c  51 115111’s i nc luded  in _ i i’able (1

fl_i t I I I I I I I I ’  t i l t ,  b i I l l t ’ — m t t ’ ( l I i l l I I ’ I u l  r a l t n t l l l i ’ I -  l i i t t l ’ I l i h l i I J I  of ,‘ O ’V l ’m ’ a l  I.~I luISSlIIl _ i ,’s- to 1tS s-I ’s-s

‘ h e s - ’ I I I I I ’ l ’ e . - , 1 , i l t t l l b ’ , (tlll ’ lIis - I l l  I l n l t I ’ r i l - I ’ l l l l I ’ t e ’r  S C I l I l  an_id I ’ t  a s s i s t  ill e st a l t l i s l i r n 5 -
l i l s - I l l i l l  I radi i_ trIl l’ I l n a l l I l  It 115-e ns- . ,\ c j I’l’tllar v t i r i a h l l ’  f i l t c  r ((‘V I - )  i n f r a r e d

~ b I l ’ ( ’ t I ’ 1 l I I i P t t . n ’  I S  inclm jdell s-S a IIls - - — r - ll ns - oJtI{ j l t nl irlstrulll(’ll t in tIle 2. 0— to 5 . 6—u rn

0 1 1 1 1 1 1  ‘ 1 1 1 1 ( 1 1 1  I u t I ’ I l t a l  t o  h i t ’  I n I t  e ’ r fer or u  i t - b  e r .  I l i e -  u l t r a v i o l e t / v i s i b l e  spect rnm e’ter
n_i l l s - b I l l ’ s- a 101101  I c r  l I f  t ’ I I n l i ’ i S l t I l _ i s  p t - I l v i d I I 1 L i  I l l a 5 1 t I l l l S t i C s  of the  e-lI’dll ’ll li—h ean l

Illlst ng i__i I ’ l l t  li l t- . ‘1 111 ’ ultl’s -vinl (’t and opt Ica l  e ’n _ i i s s i o n s  i nd ica ted  in Table -5

I l l s - I l  lIld I l I ll e 0 riun _ i tII t - r ot’ l ’ b l l l s S l n t n l S , So )) and 5 ( 2 1 1 ) , l’u ,Ils - j dl’l’I’lt precursnr

I ’ l l ’ ’  s I I I  1 1 1 1 ’  SI I l l l ) l ’ l l r l - l l  l ’ l l t s - l s - I n l m i n e s e e l_ i e e ’, 1) 15-er e m m i i s ~~j ons  includ e d  in
1’ s- l I l t ’  I jIOUVIS ’ tt I I , I I r l I b l l I ’  I t ’ s - m o t t l e - m i t  a t ni os p he r- I c  c o l_ i d i t i o l_ i s  of r e l a t i v e  s p e ci e ’s

C l I b l I  I ’ I l b r s - t i I l l i  (5 ,, ( I > ,  ( 1 , a m i d  e 
~~~~~ 

an l l  k i n e t i c  l e - l I n b u l - r a t 0 0 0 .
Fv,- I t  I - s - r i O - l a s , lnt t’a ted in  the l u s h  n - l l r n e n t  ha’s-, are i ) I ’ I l h t l l S I ’ d  to  d o c u m e n t  the

l I I l h ( ’ h I I l I . - ’ h , t l a u l l  l I t ’ b I I l n - t i h  j e l l ,  5 - l ’ l I I l t t ’ b  I t , an _ id t i m e  V I I ’ s S ’ i I i 5 -  I l s ( l l ’ t ’ t  I I I ’ h h e  opt ical  and

Ir l f l ’ am’ e ’ , J  s - I ’ I m s - t l r ’’s, ;‘ l ’ l , t t l v l ’  I l l  t h t ’  pr ~~~s - I~s- e’le - i- Ir o ,_ i deptI— stion l’l’55-Ol_i . ‘r u e two

C o l li e r s - s  c u r _ i s - u  s- h ‘ ‘ I  a r i I I l l ~os-’ , I t I l i l I - t l x im a t e l ’, 10 dog,  and wide angle , 100 dog,

Fl - Id  of ‘,‘~ ew sVis - tI ’nll 1 - 11111 l 5 - lml’tt with t I ll’ e) I )t ic al  an ld  i n f r a r e d  sensors. With the

r ad t ar _ i co fl i lt5’III I im b ’s i n d i c a te S  in  I ahle ’  I , d l l n h n n l e r c i a l l \ -  ava i lab le  f i lms  wi th

f/ 2 l I - I l - -s - I - s- ‘ i  I ll I II n’e’ (’nlrd m n u e ’ a n l ri gful t n i _ i a~s-’e ’ d e m i s i t  l i-i w i t h  I - x j t o s t t r e s  on the order

elf a few  m i l l i  l,l’l ’t )mlds . 
24 An ‘ ‘ < j I I l S n l  n ’ e- sl’lIll( ’Ii(’ (’ based on Pr e f l igh t  es t imates  of

24. K n t f s k ’ 1 , I. I.. and Sluder , R . I I .  ( 1 1751 ) I ’tillIlImIll’t ri C s , Inc.  • I .exington . \ ia ss .
} ‘r i v t t t ’-  corn ITI U III (’Itl iOn
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l l l i n d r e n b  ( I s - I l l ‘ i ’ l l - I - I  I l l s - S lIe n’ l ’l ’ So lutn onl  , ‘ I e ’ u i ~t ’n t  I m i  a 4 — s l ’ t ’  t - \ ~n o snj re . 1 5 1 ’  r a l —
C l I l l ( h i l , l 1  tlSsUIlie ’S 51 I~~~~ l°lt~ a lt I tu d e  u t f  110  k I l l  an_ id tile’ i’’~ l l i 1 S t - i c a l  I 2 0 — k W  I ’ l l - I - I  I’ l l

. 1 1 1 1 1 ( 1  15 \ ‘ j l ’ \ t ,’ l ’ Ih  s i t u  a 10 to I aspect m s - t I e ) . ‘I ’he m t  1 115 i s - I ’ l l  ‘~b _ ie ’c t rd _ ig ra ph ,

:1 111 I ’ 1 ( 1 1 1 1 1 1 1  111  I I ’  SOIl rI’ - s- lit 1 1 1 1 1 1  i l I l i S I ’  l i t _ i _ i  i t  (‘di • 111115 ’ Ill-S a 5 1 n ’ i l I I l l d — )  t t t s~’ uI mnp a su  ml ’
,tf t b _ i c -  S ( “ I m )  I - I l l  i s s l I l l i  w i t h _ i  an _ i  111_ ic er ta i l i tv  of 10 pe t rc el_ i t  III ’ ie’ ,~~,-i for tb _ ic  c- a, --;,’ c-on—

- 1 1 1 1 - I - C ’ S  . . -\ gr ou n d - i l a s l ’d  m i_ i e ’ s i s u r e u m e n t  of t i _ i c  N ( 2 D )  a l t i t u d e  e’mi ssi ,tnm p r o f i l t ’

pt ’l. I V i  u ie ’~~ an il_ ide’ s-I ‘ i i i l , ’ i _ i t  1111011511 r e f _ i d _ i t  of t h i s  specie ( c l ln s i d e r e S  the  p recu r so r
51W l C I  - of \iI _ i l ’ : u l  i o l _ i a l l y h o t  mii tric o ’ti de) to suppor t  t I l l ’  pay l o a d — b a s e d  i n f r a r l - h i

I l l ’  t IS _ i_t I t ’ l l ’  - I l l _ S

2. (:o\( :I,l “‘ I( l \ ”

I I ’ ’  ) I l ’ l l I l l  I n - I  i i  l- ’\ l  - 1 1) 1- : II exp cr in_ i l ’n t  s tudies ti _ i c  detai led hand profi les  l I t

h I ’  sh ort — ,‘, II I’ lIl frUX ’I.’d (‘ll _ ilSSliIll S i I _ id uc ’e l d  i l l  the  110— to 1 2 0 — k m  a l t i t ude  range
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b i t t  photoruletric s-n il r a d i o mu i c t n ’ i c  r _ i l l ’ l l i - i u m e ’ m _ i u I ’ i I b s  u sed  i n _ i  b i l l ’  i n i t i a l  l ’ ’ t l t l ’ r i m _ i i e b l t s .
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l a u n c h ’ s - ,
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