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I

Absorption Data Analysis for EUVS Experiment
on th. Satellites AE-C,D,and E

I . IN TKO I)t~CTIO~

The purp ose of the Extreme Ul t rav io le t  Spec trophotometer ( E U V S )  absorption
an a ly s i s  system is to de te rmine  quan t i t a tiv e  c h a r act er i s t i c s  of th e t he rm osphere

(95-400 k m) inc luding  the d iurnal , seasonal , and lat i tudinal variations of these
chara c te r i s t i c s .  R e s u l t s  on p ar t ic le-numbe r densities of nitrogen and oxygen (N 2.
0 a nd 02). t empera tu re ,  total mass densi ty , and scale height have been obtained
for various atmospheric regions. Other studies in the future will include the dis-
tribution of vibrational states of molecula r oxygen and the spatial and temporal
variations of this  distribution.

The EU V S instrument s take data onboard the Atmosp here Explore r I A E )  satellites
a nd each consist s of 24 monochro mato r s which  a re held in a bia x ial g imbal de v ice

that  can be pointed at the ta rget position on the solar disk commanded b the experi-
mentor.  Twelve of these monochro rnators , MN Nos. I through 12 . are  sca n-capable.
that is. they can scan a range of wavelengths. Most of these , that is . all except
MN Nos. 11 and 12 , have ful l-disk view of the sun and are pr imar i l~ used for the
EUV S solar flux analysis. The remaining 12 monochromators. MN Nos. 13 through
24 , are fixed at specific wavelengths of aeronomical interest and have a narrower
field-of-view. They are used primarily for thc absorption analysis. A detailed
description was published elsewhere. I

( Received for publication 8 August  1979)
I. Uinteregge r 0 H . E. • Redo. 0. E. • and Manson , J. E. ( 1973)  The E U V  spectro -

photometer on Atmosphere Explorer , Radio Science ~~ N o. 4 1:349-3 59.
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and each  p a i r  I ’ n i i t i t t m l, s i u  i e ~~ a common i i i t i c t i ’r  i t i t h e  I 1 c I i ( ’ I luu e l t  r~i ui  o n
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g ra t i n g  — t i p  posit  m i n i s  and e i t h e r  in st  r i n i e n t u e l  p m  i a  i t t ,  i —  n i e c d i tt  i t O  1 comp lete
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of .m , ’ r u i i i o m i c , I l  h r i t e r l st .  \ l i s t i n g  of t h ~~~t 20 (5 - i i  u I e ni ~ t i i s  .mn d t h e  i if I u ,n c i  t a t i oil

mhse i rp t io n i  cross s e c t i i u i i  SI ll u - t e c h  f or  the  p u i i u t n c t i o u  t i t  m t i i~~i t t  i l i t u  fm ’ l i i ,  \ u t i l e

.- \I-  4’ ire ’  given in l u h i e ’ I as ci i  e~~a n n i p tt , w h et s ’  I I  - 1 — 2 0  se ’r \ ,’s c- ,  I i , ’ u t t e u i t  i t n u a t l u n
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\ II 20 w I v e l e t l g t i n s  a r e  t i n  5 1 0 1  for  i l l  t h r e e  i : t  \ i n s t  r m i m e n t s  ~ Oii ‘s t  1 . I ) , t in t I -

w i t h  the exception of I I  13 w h i c h  r e p r e s e n t s  \ = h 10 -‘s for  ‘ s i :  , but $04 .\ fesi’
- ‘s t - : —  I )  and i- . 1) 1 - t I l l s  (if (t ie ’ r e f erenc e  data  a i l l  b1 - d i s c I IS s e I I  t i t  Si - c t  ion  3 . 2. l i ii 
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to the aperture and step positions corresponding to the instrumental realization of
observations it these selected wavelengths, only eight may be sampled in any given
0. a - s et  in terval .  I tit ’ overwhelmi ng part  of the t ’x m s t i n g  EUVS absorption data
reflects observations dur ing experiment turn-on s tpasses) with apertures left in a
fixed  positi on. Th e r e - t i n - u ’ u n i t  8 of the 20 wavelengths are generally present in ~~

g i v e n  i i c s s .  }‘or par t  of the  e a r ly  l i fe  of’ thc \ E - (  L U ’ s  S instrument , the apertures
we rt- : e l t t  rn(It ed P0 r i t l d i m a l t m  • and conseq u e n t l y ,  eac h I — sec period of two contiguous
U t  ‘ s S  t l I m es ( -mun t 1 l in s  16 wave lengths  in the  d i t i for  a g iven  pass. l- ach a : m v e —

length is then , of ou r s m , t o t  i - r i d  w i th  a t i m e  l L - s , ) l u t i m u r i  u u f  I .  0 sec (instead cif

0. 3 ~~~~~ t .

l u t t l e  1. 1 we ’n t ~ ‘s’s et , - 1 u n i ~ t i i ~ and the Li f e - n e - u i - I  i ) . m t i fo r  -\ i- — (

t ‘ t o n i _ u  u n m . n  0 i in  it  i I tn 4(2 0 I I I  0 1 1  - -~~ 0 4 St t I  I i l l  I-i )- u — - n  ~~- i I t  i i

- ill I t  4 .- l i  2 4 0 1 1  0 4 306 Ui
I i  i S ,i 1100 0 ‘12 . 3 5 2  47 I

1 1 4  0 -, 2100 6000 0 -
‘ iii i , 4 1

4 i b t  80. 0 0)00 4O. ul i l r  0 500 00 38
105 ~0 0 1 5 1000 50 I - - 4 2 0  4 ,  1
1 ,0 ’  I 28. 0 4 400 uilOt )  50 21-0 I I ,

i i  1 1 0 .  0 ‘ 5 0  i S O  1~~ O _ 4 ~~~

It I 700 I 10 0 •ii , 00 i(I Q (i 50 2 1 0  i S ,  I C  I
o 1 : 1 0  1 1 0 .  0 - 2 i im I  i i  • uSil l i  50 1 5 1 4 0  I i  2

10 10- i S 8 . 0  0 . tO O 2 . 000 40 t O  r n s  I I  2

I I  ~~ 4 t 2 0  110 500 0 520 I I  4 2

Ii 0-I 2 . 5  :5 ‘100 0 i i ~ 4 , 5  4 -  I
II 60) 2.8 81  300 0 5’ ,i) 4 -I
I I  4 2 6 0  I I I  t i l i I i  0 51~ I i  4 ;

1 7 0  2 10  00 0 S S i I  I I - I
I i ,  1026 2 5 0  01’ 2 141 nO 2 , 5  151 1  I S  2
1 7  ~~7 2 5 11 40 0 l iOO 10 1 0  2 1 0  18
is  i 2 t 6  0 . 0 100 500 0 i l - t i  i n S  i i  2
I ,  1 6 0 0  115 .0  1110 i 000 50 260 u 18 2
20 I S ii  0 2 4 4 0  1000 40 i l l )  12 5  I I  I I -

\ u i d l t i u i r l l i  ct o r i l s  i nn u ’ ; l t i l  I - I - \ S f r a m e  m m ,  devoted to the  sol:i I pointing SI lt US

of the U t  - \  S i n s t r u m e n t  and to housekeep ing i n f o r m a t i o n  such us the h igh—vol t age

l e t  els. The UI - \ S absorp t ion  : in a l v s m s  st ste rn che eks the solar pointing s t a t u s  words

and t e l e ’ t m s from consideration major f r a m e s  of dz c t , m t aken  when the s a t e l l i t e  was

in the da rk or when the sun was not fu l l y : I cq i i u r e d .  it also checks the point on the

so la r  disk which  is unde r observation to ensure  tha t  the ins t rumen t  is pointing ~ iierc

co mmanded. Pointing was directed to the center of the sol; lt ’  disk for  all  - ‘sE-I) and
- ‘ s E - U  geophysical observa tions by the I - I \  S inst ruments.  For -\ I- -C. centra l -point ing

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i-
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a i s  m s , - t  sO ilS Iii ii o n i ~~i t  au0 \ l t u u m u u i m t l i i t iO  t t ~~ P~~1 t 1 t l r u t i  I I 4 ~ e ) a i s  ke p t  , i t

1 4 1 1  i u O , u n t i l .  i t i m s  tc , l s  t i l l u R  to  h t l a g  t t i t  a t  C m i1,’ t ~i ignmt mi t of I i i ,  ~- t w i t  t u u t , ’ t t

p . u l n u t  (if t i l e  m u S t  1 I l l u m l i t n i t  u n i m u n i m i 1  t i i o l n i u t m l l s  c l u i s i r t o  the ’ t r i le ’ ‘- i n l t t u m i t  t i l e ’ so l ar

d i s k  -

.\ I I u l t t l e I I u i u t r i t  t ie s e r t e ~~ n i n i t i o r u  h e m s ’ . i h ~ i - I  \ S i u i s t  m u u i i e ’flt on - \ t -  - 1’ ( ‘xpt - i - 1 —

emi c i d S I - S ‘ t ~ t i , i  r t h5aue ’  p r o b l e m s  v. ith  i t i e r t l i  m e ’ n u n m s k i i i 1~ i nt l  ~ n - i t i r 1 ~ st epp ing a t u t u

t i l t . - l i t - e u  re-ported l i t  I I i m i t e ’ i e ~~k’s - u et m l .  II’s b I l e ’ t I O S, 1i m ob lems t i m t  e ti ed 1 S el i u l l i s

t t t e t i ip ~-n i  t i t e  f l u - i n e l s  s is . the  a b s u a u -p t m c i i i  .~n i m l s  S I S  a e s  i i — t u l l I \  i i r i i f f s t t e d . S l u R - c

it  m t m t , ~~~ l i m i t  r e q m r i r t  , l i ’im , l n i t e  I l n u x i ’s .

1 PIlofli t:  I I o \  0, 0PTIC-~L 1)11111 II ~e I  ~i (LMC8U )

- I I In I risluc t ion

I i, I I \ ~ 01s t  i - s i u n l e u i t  l~ u~~\ im1t ’~ i l l  r e - u t  coun t s  ci t  I h5 st il l I f l u x  sif l iu lt aneouslv

I m i r n i p  u t  l i l t  m i t  t he -  20 f i x e d  a l v e l e ’r i g t h s  s, 1t - t e d  L i E  , l I i a l t S i s . In m i u d e r to

p n - . p l  t . e t h e’ u i a  i u t m fo r -  l i st  i n n  the  pin t  s is el t ’qi l a t l e u u i s . an 
- _  

I i n l I t t s ’nua ted u s f s ’ re l ic s ’

s i~~rn:e1 m u s t  t i e - t c ) m l n p l I t t - i h i d  t i n e  u - m i l l r i t  s amp les t o u - u - e c t e ’d t o e  back g n o u n i m i  cud fi l t er ed

to e l i m i i m r i e t i - l i t - m n  n i t  m i . i t i s u i t - ti u s  t h e i s t  s t i l t  1 ( 1  bad t r a n s u n m s s i o n .  l i i i  da ta  l i t

~~: i - u ’ t t i , m t  l i i  i n n i u n u i t  t l i i i  t m t  i s t i t - i l  s i g u i m f l s i u i t c ’ amid t u e  i s s m i i- i . m t e i t  w ith  a quan t i t a —

i s  u - n e i s u u u e  ~ f ~i t  - q u i _ d u t m  • I porn pc r f u u u n i m n r i - e ’ m u f  t t i I S t  f u n c t i o n s  :m data  base  of

the  i -uul tcn g opt t ~i t  t Im -p Ill  .1-it u IS - re tIed m~~tl upk n ided i e ~~ 111 1 ely as new t e l e m e t r y

I I I ’ m , t n I t S  ~ ~ l a b I e . l i l t  - . S 1 I l t i i i ~ d a ta  l i l t ’s t m i r i t l i f l  the  t i l t s - S  end t m r n s ’s for I t ;

n I t ,  I s - n o  - s u l i i e s  of u u p t i m e l de pth s tiot ’. n in I ble 2. l’he’se dates and t imes  ca r l  be

ni ~~e ’mi t m  i l u t u i : i  I l l  Is S ( i c i 4 l t u i 1 0( 11 1  In t l  s o l m r  e p h e n i l l u l s  d ata  needed to t t i ; t i - : m s t e m i . ~e

the  . i li surp t ion  p u m ’ f i t e  u I  t u e  en t i  I i  ~~ i S 5 .
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The fi rst step of data reduction is to obtain an “ unattenuated ’ reference signal .
called S0.

The data are scanned for an interval  w h e t s -  attenuation is negligible. Tile

refe rence signal is then computed w ithin this interval  and is corrected for back-
grou nd. The back ground corrected i- t ’fe rence signal is then used for all subsequent
computations of opt i t -al depths, Once S0 has been obtained the data are sequentially
p rocessed either in the forward  or re ’s-erse t ime direction. Each major f rame is
read , the signals corrected for background and converted to optical depths by Eq. ( 1).

t hat is ,

= — ~n(S/ S0
) ( 2 )

w~nere S i s  the backg round-corrected signn ml.  Tiis ’ss optical dept h data are fitted to
curves of the fo rm given by Eq. (7) . given la te r , whe r e ~~ t is the time interval measured
f rom the sta rt of each fi t .  Ihe  range in t i m e  over  which  the- curve  fit is applied is

varied to obtain :m good signal-to-noise ratio and generally s t i v o r S  Il t ime period in

which  the remote probing point covs - rs a ve r t i ca l  distance corresponding to a scale
hei ght or less. This regression provides the data smoothing required to fi l ter  out
purely statistical v ar iab i l i ty .  The range of the fi t  is sea rched for the occurrence

of a standard optical depth value,  if one is fou nd, tine function is inverted . and the
t ime corresponding to it is obtained and stored in the data file. The file also in-
cludes the fitting coefficients that allow calculation of optical depths and the standa rd
error as a measure of data quality. The result ing da ta files can be accessed by a

computer p rogram (L ’m i C 8 2 )  which associates the optical depths with the correspond-

ing orbit and sola r ep hemer is  data.

‘
~~~~ ~~~~~~~ Signal Compu halio n and Background Correction

3. 2. 1 THE SELECT I ON OF “S
0

-ELIGl1~~i 1 - ~ REGION S”

The unattenuated reference signal (S0
) can be obtained from the raw data of the

satellite pass in several ways diffe ring mainly in how “ unattenuated ” is defined.

The values of S0 are computed separately fro m each wavelength , and each wavelength
may require a different method of computation.

The first and most common method selects timespans for “ regions” of the pass
so as to meet certain criteria involving altitude , solar zenith angle . and wavelength
peculiar absorption characteristics included in the reference data ~see Table 1).
For these S0-eligible regions, the reference signals , S0, are then determined from
data within these timespans; the exact method of this reduction is described in the
next section. The so-called minimum-ray height or height of the remote probing
point (hQ). illustrated in Figure 1, is accessed once every 8 sec (at the major frame

9
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sta  e- t t i m e )  n u t  t e s te ’d - .~~~- ,  i u i s t  m i n i r m i u n i  v~e l u e ’s  of u l t i t  l i s l e ’  t u u  m i e t e ’ u u u i t u m e  if i t  is  w i t t m t m i

the u n i t t , - u i u u t u - mi  n s ’g i s i u l .  t h i s  he ig ht n issusm I ,m I s ~i be -  t u e ’ i u, a  a ~ p e - c i f i e d  maximum d i m —
tuds’ t u - it  ‘ i i  s i gn i a  I ~o u l t h m r n m n m a t i o u  i ’m e U e ’ n ) ~t t i c  p -u r t ie-les . i t u u  s m ax i m u m  is - s p e s t —

(it ’d in coun n u om i tm ’ i eL I  w t t - e leungth s  because pa r t i c l e -  ~
- o r n t a u n i u n u l t i o n  m a so l e - I t  a fu ins ’—

t ion if t i ne ’  s at e l l i t e ’  he ig h t. P i u s-  iL us ’ of thu s n n l e x u n n i u i u n n  sj t e ’l l i t t  height  is ann  input
p m  n m e - u - I u -r  -n d m enu be eh.inge ’ mI ~t u n  e ’.ich pass.  lii  p u a m t t s e , the ’ p ar -t1~- ie  I ’ n u u i u l , n iC hS

u e ’ a t s ’d ti~ a h i h i r u i p u - t a t e  s t - l i - i t  h u n  of S — e ’ l i g t t i l e - r t ’g t o m u s  a t  s u t f t . - i e - u i t t s  I m i t ~ satell i le-
h , - i ~~! t -  Ti re n u i n t n n i l n n  e u l u e  m u l  h~ a ils i a  c h I t  for d e t u - n u n i n i a t u s un m i f  S u s  u n t i e  u t - n u t

f o r  , - i , - t i  w u v e ’le ’u i g t t n  u n i t  dc -p e n i s  i u p e u n n  t i m i t i i  the ~ uil c u ~‘- n i i t t n  angle ami d t i n t ’  ~ p u - - i f i ~-

u s ’s m d u a l  _ e t t e ’ m n u a t  t o u n  i t e f i n n s ’ .i as neg ligibl e ’ i fo  m example T 0. 0 0 5) . h - s i  u th is
p u rpose ’ • t t ~ i t ’s’ n t  t o  n - c ni t - u pa u - c  m uns ’t t ’  I S  t i c  -m Ssi m , 1.1 e d  it n Ib  s i  oh a u .  e - Iu ~~u~ t i n ,  l i n e se

p_ i u e u n i u ’t ’.’ i-S a r e ’ mle ’ tus ’te ’mi 15 HQI -I I H E I ’ , h I QI 1 )\~ j~ i- i im id S( -\ I E I t 1 ’H E I -  iii t ab l e ’  1
s- e l m  r e s  l’o n l s h i u i ~ t m u t i n e ’ r iotat  m o u u  of h(,~ ~~~~ . h~~ 0’ 

a rid I I  n e ’ s p e m t  i v e l v , in the text he-low .

monoc lvomotoq d At, ,
01 pOIfltIø Q

n $ ZA
“

hu i0 potAting F ig ure 1. Definitions of

•~~~ lh 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V i m - i o n s  Qu a mt t t t  m o s

position vtcto, to cent er of •&tN

The f i r s t  of the abov e ’ m s t he l o w e s t  as’s-ep t ab te -  al t i tude fou’ s ola n-  i eniith an gle s gre - m i s ’  n
t h a n  03 , the ’ secomid quant i ty  is the lower l imi t  of a l t i tude  foe- ove r - t i c -ad s u u u  where
the column mass s l e n s it v  is -i m i n i m u m ,  and the th i rd  quantity is nominal  es-ale
height  used to c a l c u l a t e ’ the al t i tude l imits for a u nt  g iven iemni th t int s -  u -u i i edm.cn -v ang les.
For angles Less t h a n  a rccos (0. 1~ . the so c t l l e si ‘‘ se’c \— a p p r -o x i u n i ~e t u o u u  of the opt ical

depth f a c t o r -  is tuss ’d . tha t  is , .- m l c u l a t i m u g

hQ \  = hQ 0  ~ h i C f l  Se c  \ (3)

whe m - ’.’ h
Q ~ 

is the m i n i m u m  of’ hQ 
for -  the given solar zenith angle 

~~
, 

~~ 
t h e  tal t i e ’

for  ~ = 0 ove rhead, and i t  is the afo r t’nnentioneel Si l i l t ’  height p au’ .i u in e t s ’u - . The va lu e

of’ hQ for zenith ang les between a r c~-os (0. 1) and 95° is s tun p lv  approximated by a
h m u n e ’ a  m ’ interpolation between the ~h l u s ’s fot ’  \ = 95~~ a nd the t u l l e ’ s  for \ . t reeos  (0. 1) ,
r e spe ct iveLy . The s p e ci f i c  values of LIQIIIREF kh Q u ) 5 I~ HQLO\VREI ’ °k~. ~ 

and

— 
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SC~~L ,E H T R E l - ’ I l l )  sh u ,wn  in Table I for  each wavelength reflect the acceptance of
u u r e ’ s m d u - e i  opt i ca l  depth of’ T II ~ 0. 005 . The values of these three parameters can

be m o i i f i ’ - d  in accordance wi th  any input  value  of 1’ other then the most cortzmonly
used  v a l u e  of 0. 005 . In t h i s  case the program calculated a corresponding change
i n  t he  acce p tm eh le  va l u e  of hQ in the form of’

.~~h - - i-i f n i ( y  / 0 . 0 0 5)  (4)Q H

w l u e - r s -  T 
H ~~ the ~ i-1e ’cted va lue  of accepted r -esj du : m l  optical depth. For most of the

e ’eC’ n u t n i C  orbi ta l  p iu - - - ie t -m of A E- C ,  I) , a n dE .  a v a lu e of T H = 0. 005 was used. How-
e . er , f o r  the s u b s e q u e n t  n e a r - c i r c u l a r  orb i t s, the value  o f T  H was raised to 0. 015

to i ncrea se  the rate of data r e tu rn .  The ac tua l  v a l u e  of r R is carried into the
- 

- re su !t tng data f i l e .

Depending on o rb i ta l  charac te r i s t ics  as well as placement and duration of

expe r imen t  t u r n-o ns  on the -u-; satellites, the number  of S0
-eligible regions ranged

fr oz : i  none to two per pass. When two 50-el ig ible  regions do occur within a given
tur n-on , the corresponding data pass was called “ double pass. ” The data reduction
sy s t em can seek ei ther  one or two S0-eligible regions for each wavelength sepa-
r a t . -l~- . or the exper imenter  can manual ly enter the regions defined as unattenuated
fo r  an~ 5elected wave lengths , in thc- l a t te r  case , the system will  then accept these
regions wi thout  executing tine aforement ioned calculation of a minimum acceptable
va l u e  of hQ.

iVhen A E — C  and :\E-E went into c i rcu la r  orbits at relatively low altitude

N 250 km) .  data on many  of the strongly attenuated wavelengths were Lost due to the
lack of t ru l y unattenuated S0-eligible regions. To improve the rate of data return
over timespans of aeronomical interest, the method of direct input of the tinnespan
f o u -  de te rmina t ion  of S~ then had to be used frequent ly. The S0 values so derived
were  of course not t ru ly  unat tenuated but reflect actual optical depths ranging up to
0. 3 for  the worst cases. These values of S

0 could be corrected later by a different
section of the data reduction system by calculating the residual optical depth for the
t ime of the S~ observations, T 

~ 
(S

0
), to a degree of accuracy considered quite

adequate in view of the relatively small magnitudes of ~ H 
(S0

) for most wavelengths.
In some rare instances, the experimenter  entered actual S0 values directly

instead of merely selecting the t imespan for which S
0 would then be determined by

the program.

Regardless of how t imespans of S -eligible regions are determined, the actual
ex isting measurements are screened for insufficient data. For instance, regions
having an Insufficient amount of TM data are rejected. This rejection threshold is
an input parameter that was normally set to require a minimum of one major f rame
( 8 sec) . It should be noted that S0 va lues are not taken from the whole S0-elig ible

I
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region whenever the latter is very large. The maximum size of that pa rt of

S0-eligible regions for which S0 is ac tu ally ca lc u la t ed , represents another input
parameter  (routinely left at five major  f r ames  for data production) .  When it was

desired to avoid significant backgrounds by energetic particle fluxes dur ing the
peri od of satellite orbits with high apogee al t i tudes,  t he ac tu ally used sections of
large S0 ligible regions was selected to be as close- to eart h as possible. Alter-

natively. wher-e ’ p a r t i c l e  contamination is not a problem, for  e xam p l e , dur ing  the

p hase of c i rcular  orbits with altitudes below 400 km . the instructions were switched
to aalec t the highest part of the S0-eligible region. In the routine data production ,

each of these two options was used where it would give the best resul ts, an ident i f ic~u -

tion of this option was carr ied into the result ing data file.

3. 2. 2 TIlE RAW SIGNALS IN S -ELIGII3LE REGIONS
0

All of the data point s within the selected section of an S0-eligible region are

input to a standard least square l inear  regression. The independent var iable  is the

t ime elapsed in seconds (measured from the start of the selected section) . (‘ ea r n e r s

rule has been used to solve the resulting two equations for two unknowns. Singular
values were identified by a comparison of the absolute value of the dete rminant  with

- - - - - - — 1 5a minimum value. This tolerance is an input parameter  which was set at 1. 0>< 10

fo r routine data production. Additionally, another input parameter defined the
minimum number of points f o r  whi ch an S0 determination is considered successful.
This parameter was set at six. Data fits having too few point s or singular deter-

minants were rejected, and fu r the r  processing for that wavelengt h was then omitted.
For successfu l regressions, the fitted value of the raw signal , H0(S ), was then

extracted for the center of the fitting interval. The change in signal over the whole
S0-fit  range is a measure of the quality of S0 and is . therefore , in cl uded in ti n e da ta

file records. Ideally, it should be zero.
To p rotect the results fro m contamination by abberrant data , some form ~f

data filtering for the raw signal computation is obviously required. This is accom-
plished by comparison with fixed upper and lower limits given as reference data for
each wavelength. These are set to take a wide range of values , and are essentially
designed to filter out transmission errors, stuck bit errors, and so on. The values

for these limits are in Table 1 (see quantities called IUL I M and ILLIM) .  Once the
raw signal (H 0

) is computed , the backg round is subtracted and the unattenuated
reference signal is given as S0 = H 0 

- 13.

3. 2. 3 THE BACKGROUND CORRECTION

A correction for scattered-light background is accomplished by the subtraction
S0 = R0 

- B, where B is determined by a ref erence va lu e of 13R13F’ stated for a
refe rence value of S0 = S0 REF’ For a given value of R0, the corresponding back-
ground is scaled appropriately, that is,

- 
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whe re 
~~~~~~ 

and 
~~ ~~~~~~~~ 

are li sted for each wavelen gth  in Table 1 (denoted as

BR i-: i- and SOREF u - e ’sp e e t i v ’i y i . ( h i a m i g e s  in i n s t r u men t a l  se ’n si t iv ies  W & ’ X ’ e’ caused

hc  ti ie ’ changin g  detector ’ u- s-spou se s and occas ion a l  s tepping—up of the operat io nal

hig h voltage.  The latter was  under taken  to compensate  for degradation of pulse-
hei ght d i s t r ibu t ions .  S in - - c ’ the  op t i c a l  depth data a r-c ’ generated by taking ratios of

the si~ na Is , -r = Q n t S  ~S) , the absorption m n a l v s i s  is obviousl y not sensitive to

l o n g — t e r m  va r i a t ion  of the absolute photometr ic  se ’misi t iv it ie~ .

3. 2. 4 l-’lN~\ l .  ( ) A 1 I ’ L r  \TION 01-

Ul m e ’  f i na l  . l lU e ’ of the unat tenuated  i’e fe - i-ence signal is computed by subtract ing

the S. t I e d  t i ack gm - oc in d  Lo in  the computed raw signal as shown in Eq. (5) .  For

s in g l e  paa s -s (satel l i te  data passes containing only  one S -eligible region) this is

the 5,, v~~lu i - used for  al l  ‘ ‘p t ical  depth s-ornputa t i omns fo r  that pass. in double passes ,

win- u - c - t -”, o i~~i~~i i t 1 y d i f f e rent ref ere mncc si gnals are  obtained foz- two par t s  of the pass,

the  t i u n ; i l  used lor  the opt ical  dept h computation is obtained by a l inear  interpol a—

t m o n  bs-t w c ’eu n the  t w - ’  ‘- a h i s ’s f’i m’ the point of t i uii c measur ing the at temnuat ed f lux S.

I’he ’ ‘ni  gn i t ud c  of tt ic- una t t onu at ed  ave r ag e  count  sample , U ( S ) , &- f fs ’c t i c - c l ~ , - -

dete u - r n r m - s  th e- uppe - r l i m i t  of optical  depths b ey on d wh i c h  no s ignif icant  data (-an be

e x i ’ t- i t e d .  ‘f i i c  r’ i - ~~
-
~~

-
~~ 7-j on to which optical depths m ay  he dete u -m i n e d  is . of con u s ,

a 1~ct ’  u - , -l ’t e ’l to the n n a g n u i t u d e  of H .  In the j u te  u-eat of data q u a l i ty , the syst c-m

the- i’ e’fore dc ’s- -s not p u ’ o~t i i c c ’ opt ical  depth data  w i i c u n c c e ’  m- the b a ckgroemnd—co rm - e c t c d

s ignal  hie - c - c ,mc- s Ii - as than  f i v e  counts pc i’  0. S— s e c  samp le. This means tha t  the

- i v a t , - i u  w i l l  see -k  opt ical  depths onl up to a cc r t a imn h ighes t  app licable staun da rd

o p t i ca l  di -pt in i- -f - r a - u i i -e c a l  uc . that  is ,

\ l  -\\  
( i n  ( S . ~) )  . (6)  —

N c - r i c e -  t h i s  m a x i m u m  is di ffe  rem it for diffc  rem it e a t  -?s -ngth s .  if S~ for a u n t -  wavelength

is ~ o low tha t  none of the s tanda rd  op t i ca l  ct e ’ p t t i a  wi l l  be sought , processing for  that

w : i c e l e - r i g t l n  is h al tc d .  S~ ui- n i 1 ,  m - l ~ . pr -ocessing is also terni  i mn: i t -d for -  wave leng ths

tt t ) ( ) 5e  S — el ig ib l e  r e g ion extends ove ’ r th s ’  whole i~ ss.

:13 Op k-al I)cpth ( ompuI~tion

3. : .  I ( ;EN E  U -\ I - 1 ) l - 5 HIPTION

Optical depth d ata  lii the absorption ana lys i s  a u-c ’ g i v e - u i  in t e i’nns of tine t imes of

occur rence  e)f optic:el depths corresponding to 16 specific n-ef ’oren ee c-alcre s . These

reference values  ;ir ’ ’ g iven in Table 2 . Orbi ta l  pa rame t cu - s  may be ’ computed for

13 
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c ’ , c t i  t m r r , e - , .i nisl so t h e ’ eip t ~~- - e l depth . e l t i t i i , l . ’ , l :e t i t , i , t , - . t o r i~,’ r t t i c l c ’ . a rid so c c ii , a i r  all
s 5 c ) c i i ite’ ,i  c - m i  t h i s  t u n e ’ . Sc ’ iClc ’  heig h ts  e n d  t m n f l e ’  ‘, - , n ’ t c t  Ions ic e ’, be i n i f e r - n - c ’ cl fro m

di ffe  i c - r i c e -s in th e ’sc ’ c l a i m . but such e - o m n i p u t m i t  i on s c~ i l l r iot ice d i a c nms e ’e i t i e ’  I ’ , ’ . l ’ii e

most important  u e ’ -i SOfl (on’ the ’ misc 01 mc s t m e  u t t t , t  i’d old n e - c l  depth I n  ‘~t is I t ie ’  i . i ibst :e m i t  ia l

r e ’dm ic ’t i , ’ r c  of da t a  q i i a u i t m t c - _ ( s n n i g  t h i s  method , t i i e -  n n t f c c n ’ m r i m c t u e ’ n i  (eur o  an e’nt i n e ’
i s  s’ompr e’ase ’ei m m i t e ,  data  on 16 p e c i c i t  i~ t~ h i i l e ’ t e l s i l i g  c c ’ i’ \  lt tt le ’ i n i t e i r - n r i ; n t  ion .  F l t i s

e’nti hteS follow —on i etle - c’ast nlg to P r u e ’ e’e’el w lthi eitit i- c - q t i i  i-ing e ’ X c e ’SSl ‘c * ‘ m u n e ~i ini t a cci

e-c e r i i p m n t t ’ m ’  t ime’  e l i ’  s t o r a g e - . in f a t -i , t lic ’ , d ’ n l i t ’ ,  of this ’ El  \ S c i i s o r ’ p t i o r i  a v a t e m u i  to
sc - m i m i  t h rough large t in ie ’ periods of ex i s t  ic ig  u u , e ’ a s i u n - c - m u n c - r n t s  is dine to t i n t s  d a t a  c o m a  -

par i son .

‘h’he t - : i - VS dicta n c ’ d t i ~’t t o r i  sy stefli  s-ta u - t a w i t h  e i t h e r -  t t i e ’ s r u r c i l e ’ s t  on -  g n - e’: c t e ’s t  of

the ’  st erni . ,  i’d opt m c - c l  dep th  c - m i i i n e ’ a  depending e ’ m l  whethe r -  the a c t u a l  m i t t e - i i m n m e t  1d m ) I S

I m i c - r c ’ : i s i m i g  Or ’ c t ’ c’ re ’asing. The , i t t e ’nU - i t  mor n t i ’end is known I% e c ’ mr n i s e ’ the dat e u’ e ’ ei ) n c ’ h ie ’ f l
s~ a t e -r n  finds  the t u r i c ’ c -u n - n’ e ’ spon ic imnig  to the ’ 1e c’, c ’at probing hs’ig ht (h Q

) in the i ’ es ~
( t i m  -~~ I S , e le ’sc ’ to point  of highe’st m i t t c ’ n i n a t m u n i )  m ind has ei ther ’  c’e e i n p i u t e ’sl or has  had

is input t h e ’ i t t  re - c t ion of p u - c’s ’.- as ing . Inn ci i- e le ’ n ’  to si -ek the Ia n’gest or a n u n u e  h eat

e ’ p t i c m c i  depth po i nt . this ’ s ’, - ste mu pc ’ n - f e i i ’ r r i s  mu $ cc ci — p~e i ’annc- t e ’n - , ii o u — l i m ’ c 1’ c ’x p c i r i e ’n n t  i ; i l
l eg  I t ’ S S  )Sd) I  of t in ’  fo r -m n

cc iie - r -e -\ m i d  I t  u l ~e’ ti n , ’ f i t t i n g  e c , e ’ f f n e i u ’r i t s , m i n d  ~ t is the t ir m ’  d i f fe i - e r ic - c ’ i n sc’ e ’cir ids

I ronu the ’ - u t - c  n ’ti ng point  of t h e’ r ’eg n’eSSion. The t i m e ’  i ni ve ’ u -va t  ovc ’ n w t i i c -hi t h i s  n ’e—

g r r ’ss i t ) ) )  is t ak e n  cle ’pc ’r ucls  irpon the a mount of signal change. l’ ein ’ pv n’iods of rapid

c hangs’, the i r i t e ’  m - c c l  is cont cii eted . so that ir apu n-h i nit f~ m e t t in - c ’s a n- c’ not lost~ fu r

pe n’Iods of a lowe -n ’  change , the ’ n i t t e ’  t ’v ;u I is expmun ide ’d  t o  imp rot c’ the at m e t  r a t  c’al a c’e ’ic  -

n i t ’’, . The ( h - t in  m i s  elf d e t e r m m r n r r n g  this  i i it ~ n - c -a l a n c ’  g iven  in the next sect ion. ‘rho
I c c l  n c’s er r  compmit eei f n -u rn  the olise ’ n- c -cd sign al s t r y  l - q .  2 ) , wh it ’ n- c’ S IS the hack -

g r c ~~iiic I — c c t i ’  t ’ect e’st signal .  ‘~\ hen the data fit  has hieerc comp leted , the e mi d point a ( i i i

ci pt i e ’ c l depth) a n ’ e- c’he c’ ked t o  at  - e’ r f the n ’c’ Ic i’u ’ l ie  - e p01 nit is e ’c u ni t a i iic ’ ei In t h e  t r i te  n c -  a I.
i f so . the r- e i m u t m o m n  cci ’ I-: q. (21  is r r i v c ’n ’ t c ’e l , and .~ t is  computed (on - t h e  s$ m en i ducrs i  opt ic - u i

c iept h point br ing  sought.  A et ch i t i c i n i  of ~~~t to tin ’ ala n -t l nng h i  n in e  of the inter -c-al  theni

pro due’e-s th e’ h i  n un ’ - ~~c)  r r ’c’speni eiing to tiic ’ oc’eil I’ r ence  of one of the at mc usia i’d at t i c s  of

opt ic ’ mu I depths.  ‘line n i e ’\ t  opt i e m c  I depth point in the’ l i s t  t hen  In c ’ e ’ en nm’ a the’ one’

and the cci rrent tr i t e ’ n ’ c m c I  is chee ’ked to ae ’c’ if that  point is w itht n the ~ r e - s c - m i t  ( i t t  tu g

i’ange. 11 riot • the ( it t  1 n ig ( t i l e ’  r ’c - c 1 is sini  fled , ,e noth c’ r regres a t or i  pe r fornicd , and so

u r n ,  un t i l  the uicxt point is  i ’cached. I’hc ’ f i t t i n g  i nte ’ r -v a i  s uve i -l ap fu r  i’~ rt cif the ir’

r : i  ngt’ $ ten ins  ii n ’ c’ - C smooth I n~m c i s it t e l i l  bet cv e’e ni m ’ c’g na’ sslons and the mie ’g i c ’ c ’ of ~‘v e i-I c ~
depending on the ’ t i mile ’  t r i t e ’  n -c - mi 1. fl it ’ i n te rv a l  lengths love i- lap t i mes)  mi i’c ’ g t ’ , - e ’r i  as

oru - of the three ac-is  24(8) ae’c • 1 6 ( 8 1 . 11(4) ae ’ c - whe’ i’e the t iuni t ce m ’s In p ,i i’t ’nt ln’ses

14



- - -~~~~~‘~~~~~~~~ 
‘r.-~~~~~~~~~~r ~~~~~~~~ ‘ --‘-------‘ “~~~~~r - -

~~—-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —‘----- - -~~

1(

1

4

expose the overlap of suc- c’esslve fit intervals. When optical depth points are not
atta ined or am- c skipped , such as when the satellite is always too high (or low) for
the hQ to correspond to those point s, the syst eni notes the condition a rid proceeds.
As pa rt of the results for each standard point, the standard error is computed and
preserved as a measure of data qual ity. The fitting coefficients are  also kept. For
double passes, two record s mi re produced , one f or the upleg atid one fo r the  downleg.
and for each leg all 16 standard point s may be computed.

3. 3, 2 RANGE SELEC ’FION FOR OPTICAL DEPT I-l REGRESSION

When the satel l i te  is over the sunward side of the earth (solar zenith ang le’

~ 90°). the minimum ray height , hQ. is fa lling or n - ls in g onl y as fast as the satellite
itself , and so the changes in signal are relativel y slow. However , as the satel l i te ’
goes into or out of eclipse, the minimum ray height may fal l  or rise c -em -y rapidl y.
Obviously the rate of change is most rapid when the sun is close to the plane of the
satellite orbit . The situation is then similar to the data acquisition in a rocket
expertment.  To prevent statistical f luctuat ions from distorting the results in the
f irs t  case, and to prevent the loss of information caused by the use of the exponential
in the second case , different sizes of fit t ing in te rva l  are required. The exponential
function was used , rather than a l inear  or pol ynomial, because it more closely

represents the true physical function , and thus can c-over a wide- i -  range. This func-
tion represents the data well over ranges where the change in signal corresponds to
nearly a full height of penetration into the atmosphere. To meet this requirement
the fitting interval is shortened as the level of attenuation increases , because t h e
scale height is then also decreasing.

The speed at which the signal changes depends on three factors: t in t ’ wavelength;
the current level of attenuation ; the rang e of solar zenith angles ( “ \-r egion ”) .

The wavelength dependence is caused by the different values of absorption cross
sections listed in Table 3. I”or this analysis it is sufficient to divide the wavelengths
Into two groups, that is. more rapidly attenuating wavelengths indicated by
SENSITIVITY = 2 in Table 1 and less rapidly attenuating wavelengths indicated by
SENS iTiVI TY = 1 in Table I. The corr -espond ing distinction is part of the refe re mnc ’e
data set for that wavelength.

The type of attenuation region (low , medium , high) for the standard opti s ’al
depths being sought is the second factor determining the length of the fitting range.
At higher optical depths , the scale height for a given wavelength , I I (T A ). is generally
smaller than the value H(T A ) for lower optical depth (lower kinetic gas temperature
for lower altitudes) . Therefore, the list of standard optical depths is divided into
three sections: Low attenuation region (6 values of T REP’ optical dept h
0. 033 ~~ -r < 0. 25), medium attenuation reg ion (5 values of 

~ REP’ optical depth
0, 35 ~ i 1. 50), and high attenuation region (5 values of ‘r REP’ opt ica l depth
1.7 5 ~ 1’ 

¶ 4 .5)  as shown in Table 2,
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(‘ c h i c’ ~~. — \ h s o n - ( l t i o n r  t ’ ro’4 5 Sc-~’ t i t e n r a  I’u r  14 cc i  t Ine  20 ~t mcmne l : c  re t \ \ ac - e ’ I c - n n g t h n s  (tin ’
~ ( r i c h .-\ e ’ m - o n i e c n u i n t a l  R e su l t s  ( l i c e ’  I lee ’mi  ( z t ’ , t ed  m— c c  I - c r ’

( - r o s s  Sect ions I M b )

A
I (~ N ,, li’c r u n  n - k s  on’ note of m i n a i n i  m c h a o  n - ice -  m’s

175 3. 5 5. 1 0 amid N ,,
2 465 10 . 2 21. 8 ~I inc -li p00 m’e i- than for  No. 14

3 584 i t . 0 23 . o U me nd N .,
4 765 I ‘ roblenis of radiat ion ha n’den ing
5 855 i . 2 13 .4  36. 0 V and N 2
6 1601) 4.~;
7 1 4 5 7  1 4 . 0

8 1700 
~~~ 

v ibr ,  dist  n i b ,  at t i d~
9 1730 & 

~2 n i b  m ’ . d i a t  n ib ,  stud y

10 1835 12 band cbs . ( d i f f i c u l t )

I I  256 7 . 1  9. 6 V and N 2
12 304 9.0  11.6 (l and N 9
13 610 13 , 1 23 . 1 0 c u r d  N 9
14 4 65 10 . 2 21 .8  0 c u r d  N 9
15 585 13 . 0 2 :t . 0 I ‘~~~~ r’ e’ n• t i - r ant f o r  No. 3

16 1026 1, 5 V2 (se ’e ’ N ote 1)

17 977 
- ‘ 

I ’  roblems of radiation ha rd eniing

18 1216 0. Ol
c - 

0 , (see Note 2 )

19 1600 5.7 02 (most obs erv at io mna)

20 1775 02 vibr .  distrib. s t u dy

~Note 1: Abso rpt ion of II  I , v — ~ at h ig lne n ’  a l t i t udes  is c - o mnn p l i c : t t e d  by absorption
due to a tomic  oxygen .

Note ’ 2: The use of the nominal , c u m n s t m c n i t  c - m c l i n e  of 0. 01 Mb is ,j u st ifie ’d mis
f i r s t  approx in imct io n  cm ii .

The final factor t ak en into cc -co u n t is t h e  so lar  ivnj th ang le. As w m n a  pr ’e’viou st ’v

mentioned , the n -mi te of change of i increases with the solar -  .~e ’ n n i t h r  a ng l e -  n~, \ g m c i n n ,

the range of ~ Is split into three regions:

arccos(0, 1)

x 2 : arccos(0,  1) -
~ 

c 95°

95°
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t 1.
l ’ ( i e ’  I n  pc ,e( n - , cn i ~ c ’ c ’ l i e c mmc ’ m i 1cm ’ m e n i ~- n’ e’~~n’C~- s i ’ ’ m n  e I e ’~’. ’ r i d s  c i pe ru i  ( l i e ’ ( i m n ’ e ’e’ ( a c - t e e n ’ s

m i e ’ i m t  i - t i e - el e ’ , c i l i e ’ n .  Altl iøughi the ’ c ’ ,~p t - m i r r l i ’ i i t e - n ’  cou ld n i i i e d i ( n  I i i . ’ c ’ce lu i t imi
‘~~—, i - N — eI l ’ I \  I 0 

~ l’ mmt, I , ’  I • ~n , i l l  r e ’ i n n n n i . - c la ti i- e- c Icic ’t tcc miS the  C i t t t n ~ t r i t e ’ i’ v m u l ~ cc c’ r ’c - - -
‘

t t x ecmt i s  ~ i c e n c  t n t  t’ , cb t e ’ 4 , A—i  t h e ’ 1,ccc - e- st e e I e t n e ’ m c l  de’~nt h i ~ inn  ( I r e ’ loci m r t ( e ’ n c e i m c t i e e r i  i e - ~~ i c e i i

- i re’ - e e c -h i - el , - c a n - s~ 9~ I ,  ( i i i ’ 2-) ai ’~~’ cc n ’ i t i i  e el  t i r e ’ cc i ’ i c ’s( n - . c m i ~~e ’ e’&ifl bc ’c - e n n u i , ’  i r r m i e l e - —

q i i m e t e - . i - o n ’  t i n t s  r-, ’ , i secmi . the ’ I C % e e  le e c u e ’~~I a t c m i e l ; c  m- ~i opt te  i l  eh ’1 et h i  (e c c i m i t s  mc t’t’ e e t t e ’nt

: r n I: ’:c m n n ~~. I Ieee c -n en’ . t( t h e’ c e ’ c i n c (  — i n i p l e ’ tee i -  the ecpt ’c ’ i f i e  cc n v e l r ’n ig t h  is h i g h  m ’ c ’e h i n e ’ i n i ~
s t , i t t s t t ~ cl ‘, c , c t t e ’i’ ) g e c e e e i  m e t r i c - s  m r n i~ l’ c ’ e e l e t , c n n n , ’ei c - n  e r r  ( cci ’  the  lowest  ‘ e t c m m e l , e n~ t c - a l i c e -
of r 

~~~~~
. 

~~
. 0 , I ) - ) - ) , \i t Im t i n e ’ e ’xc ’e ’~’t i - ’ r  ‘ c i t i n e - I~~ce e a t  I l ’ (  - a l i c e ’s , t i m e  u n - l u c i d  e el ’

r ’ . r n gc - : , c ’ l c ’~’ t t e e m n  do, ’’, ke’e’p ( i c e ’ a l a ;  i s t i c ’ m i l  y e  n - c . n i e i i i t n  c r ud t m ine ’ t t r r t c ’t i c e n t , ct  a i n e p e  cc i l i u m

cmi  m e ( e 1 - r - ec 1e n t~c t c - t , c n t ~~c ’ t e e n’ t l ~ ’ u c ’~~ie ’ssi~nr us , - \ e i s h i t i c e u r . c l t c , t h e ’ nn u nnnbe ’n -  eel e i a t , c  ( cou nt s

n n ic lu n de ’ ci cc i t h u r  e - c ~ - ( n f i t  i s  kc ’1’t h i g h e - n n e u n m g h t o  n c  oc , i  s ( e c n n ’ i ~e cn s , p ( i ,c - e i e - m i l l ~’ i n o n i —
nn e- ani ng funl  se c l t  ‘mi -i m i d  c e- I  Ie cc ‘n i e e i i g l n  I . e  f c c - i l u ( . c h e ’  n c ~cid () n ’e) ce ’sai i ig c,ef t i n t ’ se c’ - r m e i
h n i m i d r e ’d re ’g n ’ e s s i e c n i a  cc t i n  c i i  .1 i-c ~tc rt’o r n n n e e .t fcu - c m li  1e ,msa .

IS , ’ p i ’ e n ~ me t e is m u n c h c i m n m i ’ee n ’ m n i t ~ t e e  th e’ n ’ e- g n - c - a s t o r )  a c  poss ib le ’, t i c  m - ’ ’  s t a u m e i . c  i’d

fi t t in i~ t ,c ( C e ’s t n , i c - e ’ t e e- en se ’ie ’c te - eh .  I ’ t n , ’~ a re’ l i s t e ’c ( n i t  Fa b l e ’  4 i n n n d i ’ n’ c- mi n - ions  c- m e n u —
b i u r , e t i m e n n s  of t in e ’ t h r e e ’ ?‘a~ ’te ’ m ’ e c i i s e n i - a c ’ ,I  . c i a e c  e . l i re ’ ( m r - s t  c i e a t g t t m m t m ’ cl 2 4 ) 9 )  ct ’ eeve ,
mn ~;e ’S mc r ’ . 1r9’ e ’ ~e( t iurc ’e ’ r un e ro n -  t m  c m m m c ’s (2 4 ac ’, , nip  to  18 d ,n t . c  p o i n i t s )  cc i t l n  e r i e ’ i l m c e ,le ’r

f r a m e ee v , - m- l - c } e  i8 sc ’~~. t i e  p e e in t s )  ~e( I I c e ’ ( t i ’ e ’ V i o i m s n ’ e ’g r’ e ’sMic ’n i i’mm n lge ’ ;  t i n e ’ s, ’ e ’ ce mie l .

— c i e ’ n i c e t c ’ci l t i ( $ ) , r i se ’s  I c e a m m c c  t e e n -  m n - ,i n m n c - ~ I I n  arc ’, 32 pomn t s m e e r i e ’  of ce - h i c - ic c c C ,’ n ’ l .mps  the
)t m ’ e ’c t e ) U s  n ’ n u t g e ’ m t i i ( ’ t h i n  i’d , - l e s i g r u a t e - ci 9~4 ) , n i s e ’a erIe’ n l n , c ( e t -  fr a n u c ’ (8 se ’c. 1c3 poi in t s ’n
c r u e l oti~~- ( m i t t ’ ee l ’ a u n n , c ~ c e r ’  fi ’ mc me mis e c v e ’ r l m i p  (4 s~-~-~ ~ I c o i n i t s ) . I ’h i e ’ n n n m m m n l c e ’ n ’  of l e o t n i t s

m r r c - n i t  m e t r i c - e l c icoc e - e ’f, ’ n ’ ( c c  t i ne ’ t m n - c x i n l n u n l  (C e e s S i l l I e ’  t l r m e t  w i l l  o,’,’r i n , e nn1 ~’ fo n -  pi ’ r tc ’c -t
F ~ ci i t . i  mi n d  ,‘ce , i ’~t , n n m t  , c~nc ’ i - i  c n n - c ’ se- Ic - c t  i c ur .  W huc ’mi  t i r e ’ IT  \ S  t ntst m ’&iflce ’utt &tsed .cpe ’r te r re ’

a lIe ’ t ’mim ct mont  -‘ i - - ( - ec u-I ’  i t  -m r ip  t ee om ’t e t t  ~0 0 ’~ I ( cc men e ’t e ’ii gt ha t r i a l  emuc i  cif 8 cc e ’ m’ c ’ 5~~d 111 1) 1cc)
,iu l the ,-o n ’r c ’’.p , e n m i r m n , :  r c m u m r m i e c ’ i’s 01 ~~ti n i t s  pe’ r wme c - e ’ le ’n tg ti i  m e n c ’ th e ’mi h n 1 - e ’e i .  Most
o ft e ’n i ,  the m n r , n x r  m i n m n m l n  us  i r m c i e ’ c ’ - i  ci t - c  i n c - el , h ’ c ’e ’ ,c nn -c e ’ t i n e ’ cmce - u i r m - c’ n i e ’e ’ e e l i t m e c i  te ’ I c ’n r r e t  n ’~
c cv . ’ r ’ a I j nm e ’ n m u t e ’ rn .c I m i s  ~

, inn ml mS 24 ac’,’ cc eemm l,t i t m e n  c’ to t ee ’ n - ’  n’~ seve’ i_ c’ t e e ( i c c- c’ ci l incc )eC r ’
e’ f I t ’  c t  ofl ic ’ n e ’  I hu t m i onuc- cc - cc - e ’h’ r i~’ I r. I- - n ’ttinat el y . (l i i  a hires  n -m i rel y li ce I d cc ’ m i e ’ch

3 . 3 , -~ Rl -~~; h fl - SSl&~ N .\ I  e~ e~ RI I ’ i I ~~I

Fh ie ’ m el ge in ’ i t inn i  n m s e ’ e i to ( i t  I ’ :ei . ‘
~~ cc is a ~t . n n n e I m c  ret m~ e m i - l i n e - m u ’ lea s t  $ e)u i m c re -s f i t  —

to the  c - x p e e n n e - m m t  i d . -\ I m n i e ’ m c  n f it  ten ( l i e ’  loga m ’tti nm of ep t t c ’mel  depth could iite) be used
iec ’c ’ m i i n ~~t ’ t h e ’  op t te ’ met  cic ’ it t i t  cm c t u c ’ s could lee ’ r leg d t i \  e. \\ h u e ’  e iie ’~ m i t i~’ e’ OpiR-me l  ei c ’I e t h i
has  r ic e ph st c ’m it  s l g n n t f i e - m c n u e c ’  ( t I l e - m u t n m n c sp iie ’rc-  c i(e e ’5 nell add ti l t  n m c c ’ l o I e ’ t  i’c i d i m c t t e e m i b ,

seic ii points ~‘m c m i  ce e ’e ’ n i r  hee ’ c m i n i ~~c ’ ee l’ ne m r n n a l  s t m c t i s ( i c - m e l  v u  i ’ t m c h e i l t t v  of s igna l s  ii i  t i m e m et’
cutt enua t tern region. ‘I’ d n -r j e  c~t I hi t ’ se’ point a wou ld I hits c’ cit enfI at ct 1st i, ’mi I I tuc ’t m ccl lonre
In el it e ’ direetl~ n white he ’ , cy inm ~ them in tact  In thi n ’ cd l i i ’ i. e t h u s  ehlston’tlng t i n e  sl it t a t  lc ’mil
tre atment of the’ eh u t m c .
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N o r m — l i n e a r  regressions r e q u i r e ’  e rr  ini t ial  mm pp i - e m ~i i n i u m t i o n .  Like m - n m i n v other-
func tions , the eerie-  usc’cl , m’ e - qui  i t ’d  t i m e -  m i p p r o x i n i a t i m e m r  t e e  be r e mmm-r o nn ab lv  close  to t h e-
resul t .  The data points -e n’e c o l l e c t e d  monoton iic ,c l iv  inn t ime (and thus in at t enua t i on) ,
and the init ial  approximation is that  e x p c u n m e t i t i m m l  w h i i ~’h cc’ouid gc ’mi e - r m c t e ’  the ’  f i n a l
op t ical  depth in the m a n g e ’  f rom the in i t ia l  onie ’s . ‘l’hus, the a p p r o x i m i m a t i o n i  for  A is
the eve ’  n’ mu g t ’ of the fi t -st th re e ’ optical depth v ,r l ue s  to i- c-p re -sent the i n c i t i m mi  point, m in d
the  approximation for  It i s  n i t e  va lue  required  to g e n e r m u t t -  the ’ lmc st  poim it . which  is
r e p r e s e n t e d  b~ the ,evc ’ n ’ m cg ’ of the t’c n i m e l  t h ree  v . e lue ’s .  S in ce ’

Av erage ( f ina l )  Ac’ e rmt ge ( i n i t ia l )  exp H’ ( R A N ( .  I -: ) 1

1) 
~ - In  [ ( A ver a g e ’  ( f i n m m l ) / - \ c-erage ( m m m i t i e l ) ) 1  I Range -

This ~mppr -ox inna t ion  p rocedure ’  is v e t ’~- good in , cll  regions h a v i n g  m ct t enu m e t e d  d me t m m ,
a mmcl speeds the n ’eg ression cons idc ’ m ’ .chi lv .  I h o w e v e r , i n m m r - c-m c s  that  m i re  in the c- c’ rv
low a t t enua t ion  n egiofl , it somet imes  ne -cu r s  that  the approximation f on ’  A would be
negative.  Simic e  this  would not lead to a good solution , the a p p i - o x i m i m m e t i o n  of

-‘  -c 0,01 , 13 = 0, 04 is use ’d wlit ’~~ec- t ’r th i s  occurs.
The i t t -  n - a t t n - c- p m ~e Ce ’c ’sS of ,c n o n — l i n e~mn m - n-eg r - c ’Ss i oim requi re ’s me nun in be  i’ of s ta t is t i—

cmii  cont rols ten ensure  the’  vm ul id i ty  of the n ’esults. l)ata filtering for  er roneous da t a
wi l l  be t reated in Scc’t ic eu n  3. :t . 4 , whi le  the cont n’ol of t i n t -  f i t t ing algorithm and the
q u a l i t y  checking of i t s  n-vsu lt s  nt - il l  he ’ c-on-c ’ red he re!. To ensure against  a singul mu r
svs t t ’m of equations or mint  i n su f f i c i en t  numnb c r of points , t he de te rminants  computed
and the  n u m b e r  of data points v i th in  t ’Sc -l i regression mm m ’ e checked mng ain st  pn - e’set
m i n i m u m  n mmm c’s ce-hich m~ i-c t h ic -  “it ’ is those’ used fon - the i- c-fe n - c-ric e s ign a l  

~~~~detc ’ r -mmn at ion .  The tole m ’ m m m l e : - fon - enmd i u n g  t i’e ite ’ r ’, e t i vc ’ proc’ess is m m m l  input pa ramete ’ m’
wh ich for routine mi d - c  p roductioni  cvas se’t at 1 \ 10 a The m n m c x i m u m  n u m b e r  of
ite rations pei’nutted n v mes 20. II - m miv  of the above c onditions ccc’i~c not s m m t ( s f i t - d , t ine
(it was rejected.  I pe on ‘ormiplct ion of t In t ’  n’eg ressionn , the i’t ’S m i l t u m m g  cc~~’f fi  cie nts we n’e
compared with the ini t i mc l  approximat ion  values, If e - i t h e r -  of the ~-oefficicnt s cc -m i s less
than  the initi;t l app r ox i min ~mt ion bc ,e f ; m c ’to m ’ of 0. 01 . o n’ exceeded it by m in or - c ’ t h a n  me
fac tor of 100 , the f i t t ing results wc ’ m’ e’ rc~ected. Th is cva s done to pr’ e’ vent the

occur rence of p hy s i c - d i v  m ) on — m e a n i n g ful  soiLit ie)fls. The f ac to r  of 100 was chose-mi ,
because in the low attenuation r’cgion. f a i r l y large f m c c t o r s  mc i- c’ re ’ m c s o m u able. In me dd i -

tion to these tests , mmnot he i ’  f e a t u r e  of q u m i l i t  m i s su n -a n c e  of the s v s t en i i  desen -c-c s

mention here. If the reference sign al is low , the h igher  optical depths would corres-
pond to a very smm uil  numbe r of counts. leading to innpr ec -isio n, h - o r  this n’ e ’m us o n , the —

system does not prod uce data for the highest va lues  of T REI - for cert aini es ’mmn ’clen gths
for which the result would be based on an essentially insignificant number  of count
sa mples. The method of at-i n i e ’v ing this cvas covered in Set - lion 3. 2. 4 . With in  the
f r ame  of qualit y checks and data f i l ter ing discussed next, regions of re ’lativc -lv poo r’
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d a t a  quali ty ear n still be use’d to ext ract wht ~t t evc ’  i’ u st ’fui informat ion n i m e v  be’ con—

t ,d i mtc ’ch , without m ’ i s k i n n g  in ia c tver t e i it  m c ’c’e’p t a m n c e ’  of ern ’ommeous  results is a consequence’.

For values of I 
~~ ‘F fo r’ w h i t e -hi data m ir e  produe ’ed . tine i , mt te ’  r include idcnt if ic ’mmti on

of the s tandard  ‘i-n -o r conlmput e !d , to provide q m c e m r t i t m m t i v t ’  i n format ion on ci , m t ~c qua l i ty .

3. 3,4  ~~A’l’ A i - l [ . T i -  IUN (

Uata f i l t e r in ng  fo n  t r - m m r r s m m  s5icni c’rron’s , stuck b i t s . a rid so on. is nin c ere ’ complex

fo r the ’ optic -m d depth computa t ion  t i t m e n t  for  t i ic ~ m’ e’fe ’i’en i c -c ’ si g nim el  de t er ni i inm mtion . :~ S

the count sample’ drops, the magnitude of the ’ t ’ n’ro r tha t  wi l l  danni age the m c i i m i l v s i s

, i l s cm d m-ops. This flie ’,cf lS  that for  high s ignals .  ,m Ieee’ —o n - cit - i -  bit error wil l  not affect  —

t he  results s ign ific~m mn t l y ,  t hm c t  15 , t i le ’ e ’f fec t  cc ill be rio more than that of the n iorma l
st a t i s t i ca l  f luc tua t ion  of the ’ e ’r r o r—f  rc’e c lm ct mi . h o we -vt- i’ , ms the signal drops due to
attenuation, the s , ennnt -  low—order ’  bit erm-o i~ m r c , d \ ’  c’orm-e ’spon d to an c-r roneous signal - 

-

cehi ~’h could be sect ’  ral o edt ’ rs of magni tude greaten ’ than the , m e - tum i l  signal. The ’n ’ e - —

fore , .ms the sigrr ~i I drops , the risk of signiii ’in ’ant e’rrors increases and it tn e c’onw s -:

n n e ’c c’sS,d n v  to h a v e ’ a c h v n m i r n i c - se’t of l imi t  filte n’s. th i s  is discussed next.

‘i’tne ’ mtbsorption m e n a i v a i s  data r-eduction syste -m u ses mc p air  of f i l te rs  for c’aeh

cvavelvngt h , one high linnit and one low l imit .  l- mc ch l imit  is essentially mc predicted
signal , plus on’ minus  several  chev imit ions ,  m e n d is changed whent ’c ’e’r the r ’egm-t- ssion

has m ec ’compllshed d m c t m m  for one’ of the stand mi  rd opt ica l  depth poinits. T h e ’ signal pre-

diction fo r  these limit computations is subj ect to the s;emc’ (actors t h i m c t  cle ’t crnni ine
the  fit t ing intern-al , that is. the wavelength , the m t t t c ’ m n m n m e t i o n  le ’ce ’i ,  mend t ime’ rate of

c hange of the latter. The dis t inct ion of w mm v e l e n g t h s  has al re m i ch y been t m m k e ’n  into

account because each wm cc-t ’lengt h inas its own set of upper and lower limit fil ters.
Si nce the ’ optic - m c i depth is m e m n me ’ mes un ’e  of the at tenuation level, mill that is required for ’
the opt ical dept h pn ’edie tiort is an es t i m a t e  of rate of change of the optical depth.
This estincate is based on tine solar :entith ann gle . I -or  not too large zenith angles ,

‘- m i n ’cc’(es 0. 1. the mcdopt ed system m i ssumes  that the signal n l m m y diminish to m e c-attic

as low ~ms that for ’ t hin - c-c’ steps of I - - mm bo ve  the almne ’ of r , just attained. ThatRi-~i’
is , when once opt ical depth point has been filled , t h e ’ twxt is then sought and the new
low limit is adjusted to pass mcppr opm ’imct ely lowe’rcd signals. The c’on’ n’ e’sponding

optical depth displacement for  th e’ n- meng es an’ccos 0. 1 < \ 9 50  and \ “ 95 ° . is four
mi nd five steps , re -spe et ive ty .  The pm’e diet ionn s need neve’ r be set to mm m c optical depth
higher than the mme xin nun i  of T = 4. 5 listed (Sc ’e’ l’m i blc ’ 2) . \\ lien that point is
f i l le d , no more data of that  wave-length in the given pass will be proc’es se’d. l’iie’
me c t e,tm n l filter progressinmn is based on passing c-m i n ations within a stm et c d permitted
range of deviations as disc ’u ssed below.

Onc e’ them estimate of p n oj e c te d  value,  ~ est ’ is obtained , i t is used to dett ’rniine

.n signal by the equation

5est S e T est .
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F’ rom this signul. the lower limit is obtained by subtracting a certain number of
deviations. hach deviation is defined as the square root ~f the predicted low signal.

The actual numbe r of deviations is an input parameter but was set equal to S for n e ll
routine data production.

The estimate of , eni appropriate upper limit is obtained by using the I }j~~F
_p oinnt

j u st  ,mtt ,ml ned (with no offset I. The new upper l imit  is then obtained by adding the
afon-ementioned number  of deviations to the signal determined for the ’ last I
c-aloe. The process for updating u n i t s  when the optical depth is dc-creasing (sunrise)
is enma log ou s . i- lO W eVc - m , inoct t h e ’ upp e- r limit hi nts the offse’ts of three’, four , or ii c-c

steps in I REF and time lowe- n’ l imit is based on t h e’ I REF point just att ained. -\ ga i n ,
it is not necessary to go beyond the boundaries of the I l~~ F’ list (see ‘Fable 2). If
it an time the predicted lower limit of a signal is less thain 60 count s, that limit

i ’m set to zero . Lmmcclim mt t ’ lv  a f te r  the computation of the unattenu nete ’d r ef c-r enmc’e
signal, the limits are set ,is wide as possible (lower is zero , upper - is S~ p lus
S ci eViiit lOflS) because’ the f irst  optical depth point to be mi t ta ined  is unknown until it
is n-cached and th e ’ l imi t  updating procedure aboc-e takes over , 1’~mch t i m e a v i o l m c t i o n ~
of c)ii C of the limits occurs , the point is rejected and the recorded count of viol.etions
is increased by one. Sepa rate counts are mainta ined for upper and loa’ei- l imi t
v iolations. There is also a counter for “fil l ” dat a , that is . where  TM data of geo-
physical significance’ do not exist (having been replaced by mm specifi c flag indicating
that condition) . All three of these eountt ’r values a i’e cmi rried into the data f i le
record produced.

-I. PK OUUCTI(E ’e OF ALTEIl N ATlV1~ OPTI CAL lWIl’lI I)ATA (LMCB5)

4.1 hnrhrndi ncti on

The l~U\ ’ S absorption-data production p rogram named IJUC85 creates records
of considerably greater detail than those p roduced by the standard progn- mim named
LMCSO which create’s data for up to sixteen standard values of optical depth s only.
T he two programs diffen’ in several important aspects. Tine program L.~~I( ’85 creates
time-ordered records of optical depths for input-cont rolled fixed steps in time ,

- - 

I 
- whereas LrcI ( ’80 creates records for the times of occurrence of certain standard

optical depths only . Typical values of the fixed-time increment chosen for LMC85
are 5 or 15 seconds, selected to facilitate the comparison with the so-called
‘United Abstract Data ” (UA data) on results of other AE-satellite experincents given

with a standard granularity of 15 seconds. Results of EU V S observations are not
conducive to this type of presentation, mainly because of the need for a total n u m ber
of words per timepoint in excess of the acceptable allotment for each experiment.
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Therefore , it was de’cided t im et st andard U:~ f i le  records would not be writ ten for
the i- :uv s experiment.

There ’feare .  the i- c-cords created by the pi’og n - ann l , \ I C H 5  represent a superior
subs t i tu te  tom ’ otherci ise ’  n o n m — e ’x i s t -nc t  U - ~ file dm i tm i  on h - U ’e ’S mebsorpt ion results.
Howe- c e -i- . for  economnic ’al re,isons , no atten-ept cm en be made at any quasi-duplicate-
ep p l i c m c t i t e n m  of 1 \1C85 approaching tn - en  rem ni ote - lv  the com plete coverage provided

by the standard opt ica l-depth-data  p roduction of LM( ’6O. l-’ortunately, the latter
represent s quite adequate-  scientific  inform ation for onost purposes, Hence , the
e’xecut ion of the prog n -mem 1,\ ICBS is expected to remain i-e’st i-ieted to special cases.
The output of l~MC85 rt ’ p m - ese’nts “ s tmund-a lone  f i l es .  “ This means that these ’ file
n’ c’ct crds. wri tten in l- 1t( ,’[) IC f o r mat , contain mill of the impo rtant geophysical param-
eters  of inte rest for e ach point inn t ime for cvhich the optical depth was evaluated ,
t hat is . the effort  of scientific access  to the-se results (stored on magnetic tape)
does not require m i m i c  m e a d  p i-ograrn with access to any  additional data such as orbit-
atti tude or solmi i- ephe -m e-r i s  data. The format of these files is specified in Section 4 .3.

U nlike L M C8O . the p r o g i - i n i  LMC85 produces opticze l depth data for uniformly
sp ae -t ’cl t in e points of thu ci et iC e period of observations made during a given pass.
Both the unatten emated reference signal (S0

) and the optical depths are computed
fro m t ime-based l inear regressions. The optical depth data reduction can be
specified to start m e t some specific data and time , with optical depths being extracted
for  uniform t ime i nt ervals which a re u s u a l ly  specified as 15 or 5 sec , depending on
the desired resolution. Thus, the results of this portion of the analy sis may be
direct ly  compared with other t ime-based regular data bases such as the Unified
Abstract  ( (IA) files from the Atmosphere Explore r project. The results of this
analy s i s  are c-specially use ful in the very low attenuation region where the standard
data p roduction program LMC8O is not particularly useful. For these case’s the
data-f i t t ing range of LM C85 may be expanded and the form of the linear regi-ession
for  low attenuation usua l ly  matches the true change in the date more closely than
does the exponential regmession used by LM(’80. In addition, LMC85 incorporates
model-based corrections for data on S0 taken from mu region where the signals are
significantly attenuated , in or -der to provide a better value of optical depths cal-
culated with the so corrected value of the unattenuated reference signal S0. Anothe r
import ant application of the program 1. MC8S is its occasional use for diagnostic
compa rison of its results with those obtaine d by the standard prog ram LMC8O. This
p rovides a valuable check on the results of both s~-stems , as they both operate on the
same observational data base.
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4.2 1)t~ruiUi~t iei~ cci “t naitenuaied ” K,ierence Sipial (S0)

4. 2 . 1 RANGE SELEC I’lON

As in tine- standard data reduction sy s t e m l1 MC8O), the reference signal fo n’ eme e - h i
wave length  processed b~ the ’ spe’ c i m & 1  p rogram L~\ lCtI 5 nm nm c v be el e -t c- r mined in sec- en-al

ci a’, 5; however , e e m n l v  one- S —el i g ib le-  region is used fo n- e ’_ e ch i  cc ac - e l e ’nigth . and a l l  of
the ce e v e -l e ’ngths u sing me s pec i fi c  method also share a common S - e l i g i b l e -  region .
i - e  ~-hr wavelengt h i u u a ~ have i ts  n- c-fe r e - t i c - c - signa l c e e m n i p u t e ’ e h  t o :  t o )  d i rec t  c-ni t m -~ of the
n-ace reference signal,  U n ) automatic selection of ar m S ;e - l ig ib l e  m-egio n, del’  (c- )  ennt rv
ci the t ime t.in d t i m e - span) of an “S 0 - el ig ib l e  1-eg iomi from w h i c h  the ’ reference
signal S will be ext racted. F o m -  the t - m m t m - v  of an ) eligibl region , tine experimenter
enters the el ,ete and t ime of the ~‘enter of t he chosen region as well as the s m . e  of the’

i me- mnte rn-al for -  the corresponding el~i t ,t f i t .  ‘l’he resulting process m mm g t ime inte- i-v~d
the m i m m c l u t d c s  the ’ gin-en mnt em -c- al b~-foi-e the given l i n a c  annd t ine int erv ~el m el t t ’ n ’ i t .  All
w ec- e ’le ’ng-ths fo r  which  this nnn eth od has been chose -mn Use ’ th is  same in t ei -va l .  l’vp ic ’m tl
i r i te r y a l a  aver  a loch S

~ 
is ccemputed am- c  of the o rder of 15 sec . co rresponding t o  m e

to t a l  S0-e ligible region of 30 seconds. l’he’ inte n - c - m el  used is cmi n- n ed into the file
along c e i th  a n n indicat ion of tine method of S —range selected. [-‘or the d m n e c t entm-v

— of a n- mew unm ittenu at ed sig nn ~el , m e da te and t ime must  be included for use in obtaining
t he orbit e1-it~i for the absorption correction described in Section 4. 2 . 3. Each wan -c-
length w m t h  the cli re’,-t ent i-v of a n-me cm u i i , ct t e’nuated signal ~mi m m han - c’ a diffe rent date
and t ime .  The f t n n ~e 1 met hod of S0-t -Iigible region selection (automatic selection by
t in t ’ p rogram)  is aucomplisl ed by selecting the t inn e  of minimum solar zenith angle.
S in n ce ’ this se ’ct io nn of the sy s t e m  is used p r i m a r i ly  for near  equatorial c i rcu l a r  orbit
c t e n n d i t i o n t s , the region of 1e’ast attenuation can be simply selected by this  method,
l’here is no at tempt to ensure a max imum tole’i’m m ic c e ’ of attenuation, since all S0

v m e l u e ’ s  receive -i c’o n - n - e’~~t iann for this (see Section 4. 2. 3) amnd the magnitude of th is
correction is car r ied  into the m’esulting data files. The exact S0-time for the fitted
c- c lue  i s  then taken ~is the nearest 15-sec point to the time of minimum solan ’ zenith
ang le’ . The size of the time interval  is determined the smifl ie way as for a direct
e’nt ry . A gain , the given t ime range (in seconds) is taken both befo re and aft e r’ the
center of the region. If the center point of the region is less than the given int ern -mel
f rom eithe r end of the pass , or if the i - U V S  ins t rument  Is scanning for  a flux study
at that time, the S0-eligible region is repositioned miccording ly , again to a whole
I ’ ~-se’c poi nt. .-~s is the e’ase for the direct entry method, all wavelengths for which
this method has been specified will share the same S0-eligible region. but this
region need not be the same as that of the wavelengths processed with the direct-
ent ry method , nor any of those wavelengths where the raw signal and a reference
date and time have bee’ ‘iven by the experimenter.
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4. 2 . 2 Rl -~~ U1-~~S~ 
)~c A LC O H I T I I M

fim c ~ej ut - c e t  t h e ’ i- acm u m i a t t e n n u a t  e d  s ig m u me I f u n  each cc -~ ve’lei ig t  ii is dt ’t ermi i ie-d  I cy

- e  s t e i i c f a  n- cl L inear  ic - i  st squm i i- c-s i e-g re ’ssieou of the  t o  n m

S - ~-\ • it ~~t . t 9 )

in t h i s  equat ion , S is the  n-~ece si g n a l .  .~ t is the elapsed  t im e -  in se conds t i -ceuc  the
s t . e  ml of t h e - t i t t i u i g  i nte  n - n - e l . ar m - i  A and B a n- c’ the regressic n i e - o e - f l i c -it- nt s .  ‘l ine - sm i l l i e

, h e ’ck ~ for  th e- n i u i n i n i u m  number -  of points and for  the im isi g n i f i c - mu nit d e t e i - n u u i n i m e n t s  m e z e ’
pe r formed mis in the standa n -d da ta  reduction sv s te ’x t n  ILM ( ’80) .  The un at te mnuated
n - a nn s i g n u a t  is t aken fr onu th e cc ’n m t c  n cef the f i t t i ng  int e i’val , and the standard e rro r
iS s e e i n p u t e ’d ~mnd kept in the- so m O e ’ re -curd cc ith  the d _ e t m c .

4 .2 . 3 I~I N A L  ~~ 1 ) l : l i : U M I N A l - R ) N  A N t )  l tA ~ -k ; f t o U N i )
C~~i h i ~EC ’FR )N

( )mn ce the rm iw unat tenuat ed si gnal is ext i’~e c - ted for  e’m ic h  wave len g th ,  it is con - —
rected for background Lw the same algo m- ithrn US  W a s used in the regular dte ta  pro-
duction sv ste ’m ( se’e’ Se ’ctt on c 3. 2 . 3), [ lowe ’’,- c- i - , mu t e  r this h a  a b e c i i  do ne, the i-esul t —

m g  s i gna l  is c- o r n e c t e ’d  for  n-esidual a t tenuat ion  by the a tmosphere. This correction
is obtained by th e ’ use’ of one of the models nn ie-ntione d below to p i - e-cli c - t par t ic le
nunibe r dens it i t s  of *~ ~~ ~~~~~~ N 2 • and I te. F n-cnn thes e - , consti tuent —associa t ed  optical
depths mnr e computed and summed  to f ind - i  predicted total value of optic el depth for
“S0.

” Once thi s optical depth . T has been obtained , tine corrected value of
tS ) is obtained f rom the relationo corr

I

( S ) S e . ( 10)O cOl’r 0

Three different ~itmosphe i-ic- models may be used to gene rate the predicted va lue ’ of
r (S ). that is , the \ ISIS  model, see Uedin et el , the Jacchia 197 1 model , or ml

0 0

cle ’fau lt model which uses ~in input t empera tu re  and set of densities at me given refer-

L 

ence hei ght ~i hnng cr i th  an assumed exosphere tempe rmetui - e  m ind “ shape factor ” to
generate the fin ,cl densities using mu “ Bates profile. ” The constituent optical depths
a nd an indication of the model used to c-onnp ute ’ them are carr ied  into the output, so

3. Uedin , A . E. , Salah. J . E . ,  Evans . J. V . ,  Rebei - . u, .  A • Newton. CL 
—

Spencer,  N. W. • K m e y a e m - . D. i , • Al~ m e v d e , i . • Bauer,  P. . Cogget’ , La. . and
~iIcClur e , J. P. 1 1 9 7 7 )  A global thermospheric model based on mass spectrom-
eter and Incoherent scatter data . ~u lS t S  1. N 2 dt ’nm s itv and temperature ,
J. Geophys . Re’s. 82 (N o .  l6) :2 139- 2 [4 7 ,

4 . Uedin , A . E . ,  Rebem- , C. A . ,  Newton, G. P.. Spencer , ~~~~ • Brinton, I L C..
M o y r . U. G. • mind l’ott er ,  W . E. ( 1 h 1 T 7 )  A global thermospheric model based
on mass spectrometer and incoherent scm u t t t ’r  data , ~ehSlS ~~. composition.
J. Geophys. Hes. 82(No . l6 ) :21 48 - 2 l5 6 .
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t h a t  the - c e n i i - e - c t l c c ri n i i av  bt’ removed and a nothe~- r’ ann e ’ ~u ihs t m t~n tc-d using a h i f f c - ren t
model ~c I n c - ic e - y e n -  t his may t ’e ’ c- e > u n c -  dc -si  i e t c l e ~ - i t  s o n n u , - l e t , -  n - t in ) ,’ . i - o r  most pu r —
P- c St - S . th i ~- \ h ~- m I S model w m c m -  used . ,en d the ’ - c i t - f a u l t  i , i n e d e ’ l  uv as  used , in l ~ for  te st imig
purpose -s . Althoug h t im , - i r mecch -l used has c - i - i - cnn -s in t ine - p i e - ch ic -t e d  m i u n m h a - r  d l e -ns i t i , ’S
t h a t  c_ inn be q ui t e  1_ i n-ge . t h u  effect upon the S0 data is u s u a l l y  small .  i:,, m . S regions
cc lus h u rn- nw~u , - tv  un at tenu ated , tin e predic ted o p t i c - m e l  depths will bc so small that the
d eLi will be u n n m c f f , - s-t e -d  e v e -n i  if th e -  p r e ’ dx c t e - d  op t i ca l  depth were doubled, in regions
whe ’rt ’ e s ignu f ie -me nt  abso rption co i m - c- c’t ion is z-equired , there  wil l  b -  ,~ more sig-
n i i f i e u i i t  e f fe ct upon the dat a .  If the ’ t ru ne  , - cc i i- t - c t m c , u u  required was  13 percent and
t h e ~ model us 30 pen -cent off , the resulting vm cluc  of S would the- n st ill be onl y 5 per—
cent ,~nc ,c y f ro m the t rue  v m c l u e  of S .  :\s the -orrect ion required for metmospheric
absor ption increases , the m ic ’t e- r ror  due to model i n n e c c u n ’ m e c v  wi l l  of course increase.
Therefore  L~cICS5 was  indeed not use ’d for m e n n - p m ess e -s  where  the raw S

0-signa l 
—

required m e n m _ i s  s i ne ’  cur n~e’c’t ion.
In o t-de n- to conc-ert the nn ~odt ’1-pr edic -t ed par t ic le  number  densi t ies  for  each

constituent (j )  into optical depth , the ’ following relat ion was used

7’ - = ci .n U t -  . c l i )) ) J ) )

In this equation, n . is the p m-edicted p a r - n i le rm u in nb e r d ens in n - , is the absorption
cross section for the wavelength being corrected for that constituent , U~ is tine
par t ia l  pressure scale height of tha t  constituent , and F. is the so called optical-
depth factor required to convert the’ ver t ica l  optical dept h , I~ ~~~ = a~n . lL) to
the optical dept h for  the given slant  column . ( T ~ = T

c j  
I-
i
). Th e scale h eight s

II .  are computed fro m the re ’lmet ion

U. = J~~~, ( 12)j  m~g

where k is the Boltzmann constant , T is the kinetic gas temperature predicted by
the model , m

1 is the mass of the constituent j , and g is the gravitational accelera —
tion adjusted l’or the al t i tude of tine measurement.  The function F’~ c-a ries depending
upon the solar zenith angle \ ,  and the scale height . -

F’o r ’e,~ 70’

F. 1 =  se’c- 
~ , (13)

For 700 
~ ~ [Q50

l-~. 
R~~+ hQ ( 1 ~ 

h8~~~hQ 

[~ - erf ~~~ ~ ~ 
] 

( 14)
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For X~~ 105 0 

-

F’ . = 
ir Re~~~~Q 

+ ~ ~~~ + e r fJ
s

H
Q 

] .  ( 15)

These equations assume me spherical atmosphere, and compute a correction to the
optical depth at the point of minimum ray height . hQ. The point Q is called remote
probing point for X > 90° , whereas Q is identical with the actual satellite point for

90’ (see Figure 1), 
- 

-

Upon the completion of the above correction process , (summing T for all
constituents) , t he S va lue , its date and time , its corresponding orbit data , and the
experimenter input cont rols are written to the output file. All of the orbit data used
in the computations and for output have been corrected for possible instrumental
misalignment by a p roce’ss described in detail in Section 4. 5.

t~3 Opts-al t)eptlm Connput~tions

4.3. 1 RANGE SELECTION =

Optical depth data are computed , regressions performed , and the resulting
fitted values met the requested t ime intcz-vals a z-c reported , along with mmssoc iated
orbit parameters. The format  of each entry generated in the data file is specified
in Table 5. There can be any number  of these entries following the ent ry for S0
and its associated pa rameters. Two time intervals in sec are given by the user of
the program LMC85 . The first is the data-taking interval , T. The system takes
data starting from the given starting date and time through the ending date and time
on ce in each interval. These times are synchronized to 0 sec on the starting date .
that is , the first point occurs for mm time t = N. T, where N is the lowest integer
value that will give data within the pass. The volume of data received depends solely
upon this parameter. Intervals which are fractions or multiples of 15 sec are par—
ticularly useful , as they enable direct comparisons of EUVS data wit h the Atmosphere
Explore r Unified Abstract data base. The actual parameter used for any given
reduction is given in the last section of the S0 ent ry for that pass. This interval is
the same for all wavelengths under analysis and has no effect upon the length of the
fitting Interval which may overlap the adjacent ones, The latter is determined by
the second time interval given by the program user and it works in the same way as
that for the S0-computation, This means that all data from that interval before, to
the interval after , are included in the regression. The latter interval selection is
also reported In the S -associated ent ry. It is Independent of the corresponding
interval selected for the S0-computation.
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Table 3. t ile I -o r nm at  f om - t i p t i e -a l  i ) v 1’ t l tm Sp ec ia l  S t m i c h i c ’ - , F lIc~ 3d e cnmt

Record 4 -- F 10 . Ap, amid input  pa i- m n z m m e ’ t  on - s

l-’5. I ~~~ Dai ly A c- c ’ 1- m ego Ion’ S da t e
15.  1 

~~~ -~ I~ ;eiIv Avei ’ag e ’  for l ) m e v  p r een ’  to c i m e t e ’

13 -\ c-v t a g e  /t p va lue  fun ’ ~ I .e ()  ii i- p n -b r tc ~ I imc

13 - - \ v e ’ n m ege  A l ’  v ;e lu e  f e e t ’  6 t e ~ 3 1 m m -  p t ’ i o i -  to ~~ t h o ~-

13 -\ c’e’ n-age -\ p ~-a bic ’ fe el ’ 3 t o  0 h r  t c n i e m r  to S~ t ime

13 i\c- e’ rage A p va lue  fu r  :3 to 0 hr  p r i e c  r te) S t i m e

16 R efe ren ce file key II  3 v v m n n m m n d d )

16 Model and t ’ ross Se c t i o n  l4 ru i ’r en n c c  I ~lo k ey  I I  m v v m i t m e c , l d )

16 Date of System I- xce -u t i c m  t~-~- m u m n m n e 1 c I )

1 - 4 . 1 Range (In s ’c)  around eente n- data _ ind  t l m m n e

1”4. 1 Range (in sec) around ee ~et ( c _ i l  c l e i ’ t l m  d u d e ’ mi n d I ( n u n -

1’4. I I i _ i t _ i  taking inte rval for opt ic-al  dep ths  ( a c e 3

F_ i ch Optical Depth 1-~n n t t-y comp rises two cc’,- , ’ cit a of the tel  low n ag  Co n - n u n _ i t

and are  indefinite in number  fe e t ’ each S ent n - v .
C) -

Optical Depth Record I — Optic-al Depth end Re’grc ’sslon U c a m i l l a

15 l)cmte of Optical Depth Point ( y v t l d d l

18 t’ ime ’  of Optical Dept h l’olnt (nr i SOc ’1

1” ~~. Optical l)epth Value
I Ph- i t O.  :3 i-u order re gi-essb oim e’ c e o f f i c ’ i o n m t

1PE 10. 3 Fl i s t  order m ’ e’g t - essic m e e e e ’ f f l i ’ n e m u t

Ol’ l”G.  2 Standard en-ro t- eel n - e g n - e n m s i c t m l u

13 N dmmbe r of points ii i  r cg i ’e s s i onu

13 Number  of upper limit c ’iolat ions

13 Numbe r of lowe r limit c - iol m ct i on ms

Optical Depth Record 2 - Optical Depth Orbit 1’u c , - m c n t o t - s

F’6. 2 Solar Zenith Angle (deg)
I- ’?. 2 M inImum Ray  Height (km )

1-7 .  2 Satellite Ilelg imt km )
F’6. 2 Remote Probing Point I m t m t t t n e h e  (deg)
1-7. 2 Remote Probing Point 1-~ast I ongtt n ic he  (deg)
F’6. 2 Remote l’vobing Point Dipole Latitude (deg)
16 Remote Probing Point I eec _ i l  Solar Time

( hhmm sa :houn’s minutes sc’ e ’o mmds )
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4. 3, 2 REGRESSION ALGORiTHM

Optical depth data are obtained front standard linear least squares regressions
of the form

r = A + 13 ~t , (16)

In this equation, ~ t is the time in elapsed seconds since the start of the fitt ing
interval , and A and B a n-c’ regression coefficients. As in the standard p rogra m
(LM C 8O ) ,  the optical depths, 1 , at each poi nt are determined as

— ln (S0/S) . (17)

where is the corrected unattenuated signal discussed above. The same’ checks
for a minimum numben- of data points or singular system are made as in t he S

regression, and the standard error is also computed and m-cported in each opt ical
depth entry made in the resulting da ta files.

-1.4 Data I’illerrng

In keeping with the special nature of the program LMCB 5 , the upper and lower
limits for data acceptance are left somewhat wider than they are for the standard
program LMCBO. Only for the S0 computations, the data filtering is performed in
the same way as in LMC8O , that is , reference values of upper and lower limits are
used for each wavelength. Afterwards, in the optical depth computations, the lower
limit is set to zero, and the upper limit is set to a value given as

Supper limit 
= s0 ~~~~ . (18)

This method Is used to eliminate, not merely so-called fill data, but also data which

are grossly aberrant , for example , due to transmission errors of “stuck-bit ”
problems.

As was the case In the standard data production (LMC8O), the magn itude of the
instrumental count sample for S0 determines the practical maximum value of optical
depths that can be evaluated. Again, data for optical depths corresponding to a

signal of less than five counts (after background correction) will not be placed In
the output files.
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4 5  Alipmmrnt (iorreet ion~ to Orbit Data

4. 5. 1 RATIONALE

The EUVS instrument is pointed by the Solar Pointing System (SPS) at any one
of 256 different target points covering -a square angular field slightly gx- en ater than
the solar disk. For routine geophysical observations, the target is selected close

to the center of the solar disk. Due to finite mechanical tolerances , there are some
slight departures from exact co-alignment for eac h of t he 24 monochromators of

the EUVS instrument. As a result, each monochi’omator entrance axis has some
slight angular departure (on the order of several minutes of arc) from the axis of

SPS pointing, and thus , for narrow-field monochromators . a slightly diffe i- e-n t
effective value of solar zenith angle. These srnmell differences in the solar ie-nj th
angle lead to correspondingly small changes in the minimum ray height (hQ) at which
data are taken by each monochromator (see Figure 1). This effect is negligible’ for
those monochromators with full disk view of the sun. Even for na r row-field
monochromators, these departures are quite significant for  large values of hQ
(where the scale height is large). However , for high solar zenith angles , the effec-
tive value of the remote-probing height hQ 

from that of perfect coalignment may be
several kilometers. This effect is obviously more serious for wavelengths pene-
trating deeply into the atmosphere, for example. H Ly-n , where the scale heights

are low and the absorption increases rapidly once attenuation begins. Thi s problem
is handled by computing corrected solar zenith angles and minimum ray heights
separately for each monochromator, that is , for each wavelength. All other orbit
parameters included in the data file (latitudes , longitudes, local solar time , and

- : so on) are also computed for these corrected values of aol_ i n - zenith angle, althoug h
the small differences in the latter are usually not significant.

4.5.2 ALGORITHM

In order to compute the true solar zenith angle for those wavelengths which can
have a significant deviation , a data set of offsets is provided (one each for the c -

and y- directions respectively) for each. These offsets cvere determined from

occasional diagnostic modes of operation called “raster scan,” where the SPS target

point raste rs across the solar disk. An evaluation of the responses of the various
mon-tochromators during such a raster then allows one to determine the offsets of
each monochromator-entrance axis with respect to the ideal point direction. The

resulting offsets expressed in SPS steps were then converted to angular offsets in
the ~ - and y - direct ions and placed in a table for use by the program LMC85 and
other programs (see Table 6).

Detailed discussion on the correct ion for solar alignment of monochromators
and the effects of fields-of-view are shown in Appendix A , Sect ions A l and A2 ,
respectively.
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‘rmible 6. Alignment Offsets for AE-C  in Radians

Wavelengt h Epsilon 
- 

Gamma

1 175 :\

2 465

3 584 No correction required
4 765
5 855

6 1609 -0. 00206 +0.00124

7 1457 -0.00206 40,00124

8 1700 -0,00206 +0.00124

9 1730 -0. 00206 +0. 00124

10 1835 -0,00206 *0.00124

11 256 -0.00204 +0. 00162

12 304 -0.00204 ÷0,00019

13 610 -0. 00204 +0. 00117
14 465 -0.00204 +0.00099

15 584 -0.00219 +0.00158

16 1026 -0. 00198 -0. 00147
17 C177 -0, 00204 -0. 00195

18 1216 -0. 00097 -0. 00007 - -

19 1600 -0. 00369 +0. 0002 2
20 1775 -0 . 00369 +0. 0004 7

NOTE: For :\E-( orbits after  860 , the EUV S instrument
was offset 7 arc mm in the positive epsilon
direction to improve the pointing of the narrow
field-of-view monochromators , that is to have
them point more closely to the center of the
solar disk. Therefore, this offset (0. 0020362175
radians) was added to the epsilon offset for
these orbits.

5. MOIThI, (~OMPARISON (PRO(;RAMS LMCtJILSI and I,NICIACA)

5.1 Introduction

The purpose of the model-comparison programs (LMCUH SI which arcesses
LMC 8O produced data and LMCIAGA which accesses 1 MU 85 produced data) is to

provide a comparison of several atmospheric models with the EUVS-derived results

on optical depths for varying conditions. To accomplish this , the model-predicted
particle number densities for atomic oxygen , molecular nitrogen, molecular oxygen,
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and helium are converted to both a total optical depth and a three-consti tuent optical
depth (adding contributions by 0, N 2, and 02 on ly)  us ing a standard data set of

absorption c ross sections. The ratios of these model-values of optic~J depths to
the- v mlues derived f rom the EUVS observations are then determined. rI me -se ratios ,
along with all other associated details including identification of model and list of
all n ’ - lt -van it  geophysical  par ametei-s for each point in time , az-c then sent to output
f i le- s  in the E I3CI)lC format . In addition to the ratios , each ent ry contains the ’ date
and t ime,  the constituent optical depths generated fn-om the select -d modeL the

total optical depth fro m EUVS, the helium contributed optical dept lm used with ~t .
and the associated orbit parameters, An example of the actual output of the pro-

gra m lM(~UHS1 is given in Table 7.

:\ntv one of three models may be selected by the expen-imenter, and the result-

ing file entry indicates which model was selected. These are: the MSIS model3;

the ’ 197 1 Jacchia model ((iRA 1972); or a so called “default ” -model which is a
simple tc~ i model in which the user of the programs selects a refen-ence altitude,

the constituent particle numbe r densities, and temperature at that reference alti-
tud~ ~is well as a shape factor (using a “ Bates ” profile) and an exosphere tempera-

ture. These input parameters are then used by the default  model to generate the
constituent densities and scale ’ heights at any other altitudes fo n - which mode -I-based
values of optical de pths an -e desired. It should be noted that this default  model
provides no adjustment s for diurnal, latitudinal , sea sonmal , or othe r types of atnnos-

spheric van-iabili t i es.  This means that  this defaul t  model is strictly an ad hoc
uti l i ty allowing experimentation wit h various sets of model inputs such as may be
desin-ed fo r a detailed study of one spec- ific set of observations.

3 2  Optical t)cpt h Generation and Model ConaidcraIion~

Althoug h the programs LM C UR SI  and LMC IAGA produce ’ a similar n-e sult ,  they
ope rate on differer ’t data bases,

I \1CU RSI uses so-called “GU fi les , ” that is . the binary files generated by th .’
— standard program LMC 8O. Due to the compact Ion-rn n-equired for these GU file

records, they have none of the associated orbit parameters a ntd they do not provide
regular  coverage in time. However, due to the ’ compactness of these GO files and
the regula r coverage provided , a wide range of geophysical conditions can be’
explored in a single execution of I~M CU RSI.
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“ 1

Since many of the S0-eliglble regions were directly input, that is, selected in
spite of significant residual optical depth to Increase the rate of data return, a
correction for these residual optical depths , T~~ (S0

), Is performed at thi s level.
The optical depth of each S0 date and time Is computed from the model-predicted
densities and temperature s by using the same algo rithm described In Section 4. 2. 3
and is used as the -r (S ). That is, the value of ‘r 0 CS0) is added to the standard
optical depth values of each GIl file ent ry within that pass. Thus the program
LMCU H SI generates values of corrected optical depths correspondin g to more trul y
unattenuated S0 values. For double passes, whe re two S values are availabl e,
bot h residual optical depths are computed , and the final ‘

~ 11 used for each optical
depth point is the linearly interpolated value between them. For the sake of con-
sistency, the same model is used for the ~ ~ 

computation as that requested for the 
—

ratio comparison.
Since the LMC85 -created special stud y files alread y contain a residual optical

depth correction, the model-comparison program LMC 1AGA operating on these
files first removes the LMC 85-inser ted model correc tion , and in its place, a new
corre ction is performed with that model which is specified for the pres ent execution
of LMC IAGA.
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Appendix A

Correction for Solar Alignment of Monochromators
and Effects of Fields-of-V iew

Al. CORRECTIONS FOR SOLAR ALIG NME NT OF MO NOC II ROMATORS - -

The solar pointing subsystem (SPS ) establishes a reference -target point on the
solar disk with an accuracy of about 0. 0003 radia n . Figure Al  gives a schematic
overview of geometrical relationships. The actual dimensions of the f ields-of-view
of the so-called “narrow-field monochromators ” are st ill re lat ively lar ge, for

example, 0, 001 radian for the monochromators No . 12 , No. 23 , and No. 24 i n both
elevation (€)  and cross-elevation ( y )  and range up to 0. 003 radian for some other
narrow -field MN’ s of the EUVS instrument. Detailed illustrations of all relevant
geometrical aspects are given in Figures A2 , A3 , and A4 . Therefore the absolute
SPS-associated pointing accuracy is indeed quite adequate. However , som e of t he

narrow-field MN’ s on the AE-C sateLLite were found to have individual entrance axes
departing from the SPS -pointing direction by angles ranging up to 0. 003 6 radian in
€ direction and about 0. 002 radian in the y direction (see Figures Al  and A2) for
the worst cases. The actual values of the MN-peculiar misalignment angles hav e
been deter -mined by evaluation of data obtained in diagnostic modes of operation of
the SF5, that is, from 16-step € -scans , 16-step y-scans and 256-step full raster
scans. The accuracy of this determination is estimated to be equal to that of the SF’S
accuracy, that is, also about 0. 0003 radian. Within that accurac y, no changes of
these misalignment angles were expected (considering the design) and none were
indeed observed. The accuracies quoted had to be accepted as adequate for the
objectives of aeronomical EUV absorption analysis planned for the EUVS experimen t ,
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even though they would of course be considered unacceptably poor for instruments
with truly narrow fields-of-view.

Whereas the selection of fields-of-view of less than about 1 arc mm would have - 
-

. een clearly undesirable for aeronomica l EUV absorption analysis (see Garriott
et a 1)~ , fields significantly narrower than those of the EUVS instrument for AE
would of course have been desirable , along with a better accuracy of monoci-i romator -

co-alignment and somewhat better absolute accuracy of verifying SP S-por nti ng
directions. H owever , the actual EUVS -design choices had to be made within rather
strict constraint s of cost, size, weight , power consumption, and lead-time to corn-
pletion of instruments for flight , aside from the emphasis on full-disk measure- I -

ments. These constraints necessitated certain otherwise undesirable compromises - -

the consequences of which are analyzed in Sections Al  and A2 . The latter deals
with the problems due to the relatively large fields-of-view per- Se , that is . p rob-
lems which would remain even if co-alignment and SPS pointing had been absolutely
perfect. 1:

The situation of monochromator co-alignment in the E(JVS instruments on AE-D

(the spacecraft failed in January 1976) and AE-E (still operating) was significantly
better than that for AE-C (operated until December 1978) . Only for the AE-C
EU V S , the departures of MN-peculiar pointing directions from the SPS-established
reference direction exceed the possible error of experimental verification sig-
nificantly, The )eE-C monochromators also showed a signi ficantly asymmetric
pattern of target points around the SI’S-established reference target. Therefore,
geophysical routine observations from AE -C. originally planned to be ma~de with
center-pointing of the SPS (NE = NG = 8 in Figure A l) .  were changed to use a

standard offset of two elevation steps , that is , N E = 10, NG = 8 in Figure Al , re-

suiting in values of = 0. 002036 radian and 0. For this mode of opera-
tion , retained for all geophysical observations after AE-C orbit 860 (March 1974),
the pattern of MN-peculiar target point s characteristic of the AE-C instrument
represents optimum symmetry around the center of the solar disk and also shows
significantly reduced extreme-values of MN-pointing departures from the solar

vector, that is, none in excess of about 0. 0015 radIan. For both AE-D and AE-E,
the corresponding optimum was indeed that of no offset from sun-center pointing of
the SPS, with individual MN-misalignment angles eventually no greater than the
estimated accuracy of their verification. Therefore, Section A I is important for

— AE-D and AE-E data only because of its use in the evaluation of effects of the finite
fi elds-of-view--discussed in Section A2 .

- - :- Our correction of effective solar zenith angles and remote-probing heights.
accounting for the known departures of the individual monochrornator-entrance axes

5. Garriott . O.K. , Norton, R. B. ,  and Timothy , J .G .  (1977 )  Molecular oxygen
concentration and absorption cross sections in the thermosphere derived
from extreme ultraviolet occultation profiles. J. Geophy s. Res ,
B2tN o. 32) :4973-4982 .
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fro m the d1r~~-tzon of th~- so lar  vector (S
1 is defined to point fro m the satelliteposition to the ct-nter of the solar disk) are based on the relatj on~

‘ a~~) / ~~ ‘

(Al )= 

~~ l S l ~~l ‘~l~ ’ / 
~~ l ‘(a u

whe r-~- the geomt - t i -~ of th~~ e unit vectors 
~ l’ ~~~ and a 1, is illustratedschematt ~-~~1~- in F igure -\ 1, with all re levant details shown in Figures A2 . A3 ,a nd \4 , lh c  spacecraft .sp in axis~~1, point ing outward f rom the EU\ ~~-mountingsu rface. also represent s the outward_pointing direction of the “azimuth axis” of thehia x i~ l Sl-’S. The spacer i-aft spin axis was constrained to be perpendicular to thesatellite-orbit plane , not exactly, but at least to an accuracy of about 1-2° for thoseperiod s for w~~ch E~~VS observations have been validated as geophysical , that is.exclud ing data taken during certain operations for purposes of instrumental diag-nostics , during periods of “spacecra ft_ t (~rnaroun d~ (explained below) or duringimperfect pointing . More sp ecifically , this restriction in geophysical validationexcludes an ~ obser~ atj ons made during times when the SF’S was either too close tothe physical stop of elevat ion motion (around G = 5° . referring to Figure A 1(b) ortoo close to G 90° , where the view of the solar disk may be partia lly or fullyobstructed , Since the true orientation of the spin axis in the standard inert ial  frameof reference was often known only to an accuracy no better than that of the afo re-mentioned constraint to be perpendicular to the orbit plane (± 1-2°) , the validationof observations as geophvsicai is restricted to the sa.fe range of 7° < G  < 8 7 °  evenfor orbits for which attitude data on were reliable to better than 0. 5° . The exclu-sion of values of G 7° of course also removes the occurrence of undeterminateexpressions for and 

~ 
in the relations (Figure A l )  above .The actual amount of data rejected by the exclusion of those for (1 ~ 87° hasbeen very small indeed . The maneuver of “spacecraft turn-around” (changingOrientation of spin axis by 180°), required to prevent the otherwise inevitableincrease of the angle 0 beyond 90° due to the precession of the satellite orbit, wasordina rily initiated at a time for which the nominal value of the SF’S-gimbal angle Gwas not yet too close to 90° , say around 88° . During several orbits before andafter the scheduled time of spacecraft turn-around, the E U \ S  experiment was there -fore ordinarily switched off. As a result, the existing small amount of data fororbits with G > 87° reflects la rgely inadvertent observations due to errors inscheduling (fo r example , errors in orbit predictions for a week in advance),Use of the simplifying approximation of assuming the spin axis to be trulyperpendicuj a~ to the orbit plane (identified the unit vector ’ of its normal.
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Ill-

a1 = n 1 (n 1 s 1
) I In 1 ‘ a u = n 1 sign (n 1 (A2)

may appear crude, but the actual consequences for our purposes of calculating t
1

and from the relations [Eq. ( l ) J  are readily acceptable. The angle s formed by
the directions of and 

~ 
with some fixed refe rence direction in the plane

perpendicular to the sola r vector, for example, the direction of the projected solar

axis of rotation, do not need to be known very accurately— say to a few degrees. $

For instance, a rotation of and 
~ ~ 

by a full 5° in this plane which is the plane of

drawing in Figure Al (a) .  would change the offset coordinates of a nominal target
point only by about 0. 0001 or 0. 0002 radian if that target point is offset from null 

—

by 0. 001 or 0. 002 radian respectively, corresponding to 1 or 2 steps of SPS-offset.
Since none of the MN-misalignment angles relative to the solar vector were greater

than 0. 003 radian even for the worst case of the AE-C MN’ s, the adoption of rela-

tion (Eq. (A2)) is indeed justified as long as one excludes the region of angles
G < 7 . for which the instrumental accuracy of offset pointing by the SF’S also
begins to become marginal.

Defining the angle E as the elevation of the sun measured from the satellite ’s
orbit plane and defining the sign of E as positive (negative) when the sun is on the

positive (negative) side of the orbit plane, one finds sin E s 
~l ‘ and can write

the relations (Eq. (A 1)) with adoption of the approximation (Eq. (A2 )J as

± X ~1/cos E ,
(A3)

= * ~1/cos E~~ ~1It anEl

where the upper or lower signs must be used for E > 0 or E > 0. respectively.

Defining the instrumental target point on the solar disk as the center of the area
of the solar disk viewed by a given monochromator, one finds the unit vector of the
direction from the satellite to that target point (briefl y called “target vector” below)

to be given as

= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(A4)

where ~ = ~~~
‘ + and y = + are the offset coordinates of the instrumental

point of a given monochromator relative to the center of the solar disk; € ‘ and v ’ are

the corresponding offsets relative to the SF’S-established reference target; € and

~‘ 

~ps are the coordinates of the SF’S target relative to the center of the solar disk.
This expression of the target vector (Eq. (A4)J in connection with the relations

(Eq. (A3)j defining the chosen offset-coordinate axes, has been used in all of our
computer programs where solar zenith angles (x) and remote-probing heights (hQ)
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a i-c rt’qtrt i-,~iI to be referred to that pa x ’t ic t i  l~t r  so lar  i a  wh ich cont a- .-t a I hi - cent. - r
of the Inst rumentall~- v ti’wed a rca of the  5oI:~ disk w ith t h e  ~.oiut of ohs,- i -v at  j o l t  - 

-

(satellite), It should be noted that the sum.- relations , Eq. (A3)) and Fq . t A4 ) J ,  - -

also serve as the basis for th e  assessment of the cftvct~ of finite f ie ld s  of v iew
discussed In ~ t’~~t(ott  A2 .

The ~vn lth angle associated with a g i ven  t arge t  point Is th en dcl , -  t-ui l iu ’d by the
re lat ion $

roe ~~• ‘ (A S)

where I’ (with P — I ~I ) Is the unit vector-  of the dli’et-tlon fro m the corth ’~
renter ’  to the satellite and is the tar’get vet-toe (also unit vector) Introduced above.

The “remote—prob ing point ” assot ’tuti ’tI with that to rgt’t point on the so l a r -  disk
is then det er-mined by the geocentr i c  position vet -toe given us

Q ~ - Y’ roe ~; Q (~~ 
‘ 90°) s P (A6)

and the geocentric distance of the prob ing point Is given  by its absolute magni tude ,

Q s I~ I — I’ sln ~;Q(~ 90°) * I’ . (A 7)

The “probing height ’ is ObtalnVd OH

h
Q 

Q - H E
(
~ Q): hQ (\ 900) 5 hsA r ,

where the standard referent -i ’ ellipsoid Is used to approximat e the sea— level  sut-fo~-e
required for th e ca lcula tion of the guoccnt i’it - distance of the sub point.
The latitude of the prob ing point Is given us — u t-c s in (Q 1/Q), where Is the
nor th—pol a r component of Q in the standard inertial referen, - ,’ fra me. I - -

To Illustrat e the pecular it ics of diffe rent “fiet -t e of e)t ’v at t .n i  o f fse t s (t ) :riul ‘

cross—elevation offsut~ (y ) ,  one can set the ii t ’n t t i aat ion  ter-ni (I ~ ~ 
2~— I / 2

appearing in Eq. (A4) equal to unity, without h i t  reducing any s ignificant  ri - i -or - In
the calculation of the offset corre ction.

Using the relation roe cue E -os (I, cos ~ cos (E ~ .-os(~3 -+ ) - )  fro m
L”Lgurv A2 ,  this correction may be obtained us

~~cos x ~ ccx X C(t 5  \ ~~t roe x0 Itan KI  y ruM I-~ Isin ,i I , (A t ) )

where the upper (lower) signs ,‘elr ’ r to E > 0 ( l  ‘~ 0) ; is the uncut’ret-ted valut ’
of ~ for t  • y 0. and the expression

4 1  
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2 1 / 2sin /3 = P 1 [s~ X n11/cos E = + [1 — (roe ~ Icos E) (AlO)

wit h the same assignment of signs (upper for E > 0), defines the quantity ~ as the
angle between the geocentr ic satellite -position vector and the proje ctIon of the solar
vector ont o the plane of the satellite orbit (see Figure A2) .

The relations (Eq. (A9)) and [Eq. (A10 )J  show that for each orbit the re are four
characteristic positions distIngu ished by vanishing or extreme values of the offset-
related corrections as follows.

For one pair of opposite position s defined by sin /3 = sin ~ 2 0, only the
t -offsets have an effect on x.  For these two positions the zenith angle goes through
its extremes, that is. x~ ~ 

= x~, mm = I E l (generally not Important since
hQ = hSAT) and X0 2 ~o. max = 180° — I El (satellite either in the dark or at posi-

t ion for lowest positive value of hQ near sunset or sunrise depending on specific
values of h AT and E). For these positions , the correction equals
A cue 

~ 
= -€ cos tart E (see Figure A3) .

The othe r pair of characteristic positions is defined by the condition
sin /3 

~~~~~ 
= ± I . For these positions, only the y -offset s h~.s’e an effect . It is given

as ~~cos x = ±  y (since = 90°) (see Figure A4).

F rom the foregoing relations for the angle /3 and the offset coordinate axes
and y 1. one find s that the expression

cos ~ s ± Itan  El tan (x0 — 90°) ( A l l )

defines the quantity e as the angle between the “vertical ent rance plane” of the —

instrument (containing the vectors ‘t~~ and ~~) and the “meridional entrance plane”

(containing the vectors t 1 and r~ ~~~
‘ This meridional entrance plane also represents

the “ plane of dispersion” of the gratings in all EUVS monochromators. The entrance
plane formed by 

~

‘ and 1 is called “sagittel ent rance plane” (parallel to the ruled
lines of the plana r diffraction grati ngs).

The Eqs. (A9) and (A l l ) ,  combined with the relatio n A roe x = — sin X0 AX,

can be used to express the “ vertical angular shift ” due to offsets of ~ ~ 0 and

~ 
0 in a more comprehensive form , that is.

= — ~ roe c4 — y sin € • 
(Al2)

where cos (~9 was given by Eq. (All) and sin ®is , correspondingly, given as

sin € =  ± (1 — (cos ~~ /cos E) 2
1

112 / smn 
~~ 

. (A 13)
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The cor respond ing effect In the remote-pr obing height Is then given as

AhQ = (t roe (~~ + y sin P$) P sin U • (A 14)

where U S — 90° is the nominal solar depression angle, the quantity d I’ sin U
repr esents the distance of the remote-probing point from the satell ite instrument .
and ~ is the angle between the vector and the t -offset coordinate ax is. Since

thIs angle Is not requ ired to any accuracy better than a few degrees, the simplified —

calculation of its value (for X - x 0 and~~1 = ± a1
) imp l ied by the expressions for

cos W (Eq. (A1l)1 and sin ~ (Eq. (A 13~ above, is perfectly adequate. Our equation
for AhQ [Eq. (A 14) 1 is equivalent to Eq. (6) of the description of the EUVS exper l-
meat published before launch ( L -ti n ter egger et at ( 19?3) noting that the Eq. (5) In the
same report should show roe ~ Instead of tan j written erroneously).

This section is concluded by giv ing an illustrat ive example In which the required
corrections for offset pointi ng approach a magnitude cha racteristic of “worst cases. —

that Is, A E-( ’ observations made from high satellite altitudes and with solar’ de-
press lon angles close to 30° . Taking x~ * 118° , P = 8500 km, and I- 60° with

-

- - 
t 23 = —0 . 00l0~, y 23 = 0 . 00022 for MN No. 23 and e 12 = —0. 00002, V 12 0.00124
for MN No. 12. respectively , one finds, with 0 22. 935 0

, and d • 3990 km)

~~hQ (MN No. 23) & —5.72 km and Ah
Q (MN NOe 12) + 1.85 km corresponding to a

diffe rence of almost 13 km for the corrected probing height s for simultaneous
observations by MN No. 23 and MN No. 12.

In Figure A l. the plane of drawing (a) is perpendicular to the direction toward - -

- : the center of the solar disk. The offset-pointing subsystem alLows selection of any
one of 256 ta rget points. The elevation and cross elevation offset angles relative
to central solar pointing are given as • (NE-8 )~~ and ~~~~ = (NG - 8)~~y ,
respectively (~~ = = 0. 001018 cad / step). The positive directions of the and
v axes are uniquely determined from the known directions of the spacecraft spin

- 
:

- 
axis (unit vector of +Z~~ axle equal to outward point ing unit vector of SI’S azimuth

.4 -°— 
- axis designated a 1) and unit vector of direction to center of solar disk (a,). for

.4 .4 .4
example, y~ = s1 ~ a 1 / sln G. as shown In the schematic (b). Since the spin axis
-4
a1 was routinely held within ± (~~20 of the normal direction to the orbit plane , one
finds G ~ 900 — I El with 1-: > 0 (E <0) expressi ng the solar elevation over the
sate llite ’s orbit plane (E <0 when sun Is on the negative side of that plant ’) , that Is,
setting — sign (~~~ ‘ ~~~~ where Is the normal vector of the orbit plane.

—
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Various quantities used in the text are illustrated in Figure A2. Sc = space-
— craft, 0 cente r of earth, Q remote probing point, H — radius of earth.

hQ = height of remot e prob ing point . x sola r zenith angle of the target point ,

~~~~~ 
zenith an gle of the center of the solar disk .

Figure A3 shows the spacecraft (SC> at the position where /3 = 0° , = l80-E.
Thus the y-offsets have no effect on \ .

F i gure A4 shows the space craft (Sc) at the position where /3 = 900 . = 90° .
Thus the ~ -offsets have no effect on 
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Figure A2. Various Quantities Used in Text

____________ -
~ 

_____________________________

~ ~~ ~_.Aii~~~~~Ias.&.a.. , ~~~ ~ 1 ~~~~~~~~~~~~~~~~~~~~~~~ ~-~--~



~~— •‘7_— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----,-- -- 

-- - - ~~~~- -

-- - --- .-__— —~~~~- - ~- - - —~~ - 
~j — -—

~

J

~~1 
I

1

SUN

EARTH

—

K 
( ° 

7 
$

-

~~~~~~

SC ro tOt , o ~~

Figure A3. Spacecraf t (SC) at Posit ion Whe re /3 = 0° , = 180°~-E I -

SUN

E A R T H  
/

l~~~~~~t

S 
—

- 
—

~~~~~ 

— — — ‘ ~~~~~ 
X~9o’

— — 

0 ~~
_ ~~~~ ~

—‘— 1c~~ -S ~~ 
-

R Sc ‘OSoho n

SC Orbul

Figure A4. Spacecraft (SC) at Positio n Where /3 = 90° . = 90°
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At EFFEC TS OF FIELDS .OF -% JEW

The effects of the f i e ld—of—view (1-~ )V ) for the so—called ‘ fu l l—disk mono-
chrom ator s” and ‘ reduced-field monuchromators ” are discussed sepa rately below.
The monochromaturs of the first  group had been designed with emphasis on the
measurement of incident EU V fluxes at all wavelengths, that Is, using a wavelength—
scanning mode of 128-steps for each of the scan-capable monoehronu~to rs. h ow-
ever , these scan observ a tions have been scheduled onl y for thos e part s of an or -b it
for which the combination of solar zenith angle and satell ite height has been favor-

able in the sense of expecti ng only reasonably small corrections for atmospheri c
attenuation. For the remaining time of instrument ope ration , all monochromators

have been kept in fixed wavelength settings, corresponding to certain standard steps
(step 64 for alt EUVS- t MN ’ s, steps 64 , 24 , 86, 96 , or- 124 for all E U V S - 2  MN ’ s)

to provide the data desired for EUV absorption analysis of atmospheric struct u re.
Conversely, the i-educed-field inonocheo niators had beers designed wit h primary

emphasis on EU V absorption anal ysis, and their use for observing temporal varia-
tions of incident solar i- :Uv at these fixed wavelengths reflects only a secondary

objective in terms of aeronomical Interest. The latter ’ lnt ert-st would of course
have preferred full-disk flux data rather- than observations restricted to some small
central pa rt of the area of EUV sources on the solar disk.

A2. I FuII-th~~ MonocJ~om.tnrs

Approximatet> one-half of the monochromatoi-s used in the H U V S  ins t rument  on

the Atmosphere Exp lore r satellites AE -C.  D, and H a re  called “full-di sk MN’ s. ”
since their unencumbered fIeld-of-view extends beyond the sola r - disk in both the
c -direction (unencumbe red meridional acceptance width of ~ r ~ 0. 0 114 cad) and
the y-direction (saglttal width of ~- 0.0174 r ed). As can be seen in Figur-e A l ,
these unencumbered widths ar e greater than the angle subtended by the photospheric
disk (AeSUN = AV SUN ~ 0. 0092 red). This excess of in strumental acceptance

widths Is sufficIent to guarant ee full—disk response even for observat ions made with

Intended or inadvertent offset angles greater than those actually used in all geo-
physical routine turn ons of the E UVS experIm ent on all of these AE satellites. The
cente r of the instrum ent ally viewed field of sola r 1-~U\ sour ce is then of course

Identical with the renter of the solar disk , and the algorithms developed in Section

A I are relevant only for the assessment of the spread of zenith angles (A\ ) and
remotely probing heights (Ah Q

) associated w ith the spread of solar source—point

coordinates, o k I ~ 0. 0046 end 0 ~ I 0. 0046. regardless of SI’S target

offsets If any (up to at least 2-3 offset steps as illustrated in Figure A l )  and regard-
less of individual monochromator misal ignment  angles of va lu es  even exceeding the
worst actual cases of c 4 0 and y MN ~ 0 in the AE -t ’ Instrument.
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For these full-disk MN’ s the expression (Eq. A l4)  for AhQ is, therefore ,
replaced by the simple relation -

AhQ ?~ 0, 0092 P cos ( 180° -x 0) ; AhQ (X z 90°) r 0 , (A 15) -

where P cos ( 180° - 
~~0

) is the distance of the remote-probing point from the satel-
lite, and the total spread of zenith ang les associated with all source points on the
solar disk becomes

0. 0092 cad (Al 6)

for all values of the solar zenith angle associated with the ray from the center of 
- 

-

the solar dish (x 0) . 
S

_

~~

IT
— — I ~~. — L... ~~ I


