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I .  Summary 

The f o l l o w i n g  r e p o r t  i s  a d e s c r i p t i o n  o f  a c t i v i t i e s  performed and r e s u l t s  

ob ta ined  over t h e  pas t  yea r  12/84-12/85 by The Co l lege of W i l l i a m  and Mary under 

coopera t i ve  agreement (NCC1-91). 

Th is  g ran t  was awarded p r i m a r i l y  f o r  deve lop ing  an adequate techn ique t o  reduce 

t h e  Halogen O c c u l t a t i o n  Experiment (HALOE) da ta ,  set .  The HALOE exper iment w i l l  b e g i n  

s h o r t l y  a f t e r  launch of t he  Upper Atmosphere Research S a t e l l i t e  (UARS) i n  l a t e  1989. 

The successful  r e t r i e v a l  o f  atmospheric parameters f rom r a d i o m e t r i c  measurement 

r e q u i r e s  no t  o n l y  t h e  a b i l i t y  t o  do idea l  r a d i o m e t r i c  c a l c u l a t i o n s ,  b u t  a l s o  a 

d e t a i l e d  understanding o f  i ns t rument  c h a r a c t e r i s t i c s .  

amount o f  t ime was spent p a r t i c i p a t i n g  i n  ins t rument  c h a r a c t e r i z a t i o n  i n  t h e  form of 

t e s t  da ta  a n a l y s i s  and mathematical fo rmula t ion .  

There fore  a cons ide rab le  

Both e l e c t r i c a l  and o p t i c a l  c h a r a c t e r i z a t i o n  a re  impor tan t  f o r  accura te  s i g n a l  

processing. Analyses o f  s o l  a r - to - re fe rence i n t e r f e r e n c e  ( e l e c t r i c a l  c r o s s - t a l  k )  , 
d e t e c t o r  non-un i fo rmi ty ,  ins t rument  balance e r r o r ,  e l e c t r o n i c  f i l t e r  t ime-cons tan ts  

and no ise  cha rac te r  were conducted. Op t i ca l  s t u d i e s  i nc luded ,  beam u n i f o r m i t y  ana ly -  

ses, i n t e r f e r e n c e  between gas-and-vacuum paths ( s p e c t r a l  c ross  t a l  k )  and i n - o r b i t  

s i gna l  est imates.  Consu l t i ng  r o l e s  were p layed d u r i n g  t e s t s  t h a t  i nc luded  f i e l d - o f -  

view measurements, gas c e l l  response, spec t ra l  f i l t e r  measurements, and s igna l  d r i f t  

measurements t o  name a few. A second area o f  e f f o r t  was t h e  development o f  

techn iques  f o r  t h e  i d e a l  r a d i o m e t r i c  c a l c u l a t i o n s  r e q u i r e d  f o r  HALOE data  reduc t i on .  

The computer code f o r  these c a l c u l a t i o n s  must be ex t remely  complex and f a s t .  Dur ing  

t h e  year ,  a scheme f o r  meet ing these requirements was d e f i n e d  and t h e  a l g o r i t h m s  

needed f o r  implementat ion are  c u r r e n t l y  under development. 

area has been i n  t h e  development of a new t ransmi t tance  code. 

"exac t "  (commonly r e f e r r e d  t o  as "1 ine-by-1 i n e "  o r  "LbL") 1 imb pa th  t ransmiss ion  p r o -  

f i l e s  w i l l  be p o s s i b l e  i n  one program execut ion  a t  p r e v i o u s l y  u n a t t a i n a b l e  speeds. 

Most o f  t h e  work i n  t h i s  

When completed, 
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I n  a d d i t i o n ,  t he  fo rmu la t i on  fo r  a less  accurate,  f a s t e r  rad iance c a l c u l a t i o n  method 

has been de f ined.  This method w i l l  be combined w i t h  t h e  " L B L "  method i n  t h e  o v e r a l l  

r e t  r i e va 1 sc h eme . 
A t h i r d  area o f  work i nc luded  c o n s u l t i n g  on t h e  imp lementa t ion  o f  t h e  EGA (emis- 

s i v i t y  growth approx imat ion)  method o f  abso rp t i on  c a l c u l a t i o n  i n t o  a HALOE broad band 

radiometer channel r e t r i e v a l  a1 gorithm. 

Most o f  these areas o f  work w i l l  be d e t a i l e d  i n  t h e  f o l l o w i n g  repo r t .  
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11. I n t r o d u c t i o n  t o  HALOE 

11-1 Experiment Overview 

The bu lk  o f  t h i s  s e c t i o n  has been taken d i r e c t l y  from the  HALOE sof tware  re lease  

I document. It i s  inc luded here on ly  f o r  t he  u n f a m i l i a r  reader. 

The Halogen O c c u l t a t i o n  Experiment (HALOE) i s  a s a t e l l i t e  s o l a r  o c c u l t a t i o n  

experiment be ing developed as p a r t  of t h e  Upper Atmosphere Research S a t e l l  i t e  (UARS) 

program. The o b j e c t i v e  of UARS i s  t o  s tudy  t h e  phys ica l  processes a c t i n g  w i t h i n  and 

upon t h e  s t ra tosphere ,  mesosphere, and lower  thermosphere o f  t he  Earth.  

f a c t o r  i n  meet ing t h i s  o b j e c t i v e  i s  the development and launch o f  a f r e e - f l y i n g  s c i -  

A c e n t r a l  

e n t i f i c  observa tory  t o  p rov ide  needed measurements. Scheduled f o r  launch i n  1989, 

. t h i s  UARS observa tory  w i l l  have a complement o f  11 s c i e n t i f i c  ins t ruments  and w i l l  

operate a t  an a l t i t u d e  o f  600 km and an o r b i t a l  i n c l i n a t i o n  o f  57 degrees. As p a r t  

o f  t h i s  ins t rument  complement, HALOE w i l l  p rov ide  measurements o f  key species i n  t h e  

C I O x ,  NO,, and HOx chemical cyc les  (i.e. 0,. HC1, HF, NO, NO,, CH,, and H,O), 

and the  HALOE team w i l l  p rov ide  s c i e n t i f i c  s t u d i e s  w i t h  these and r e l a t e d  data. 

The HALOE exper iment i s  based on t h e  concept o f  measuring t h e  abso rp t i on  o f  

s o l a r  r a d i a t i o n  by atmospheric c o n s t i t u e n t s  a long a 1 imb-viewing pa th  d u r i n g  s u n r i s e  

and sunset (i.e. o c c u l t a t i o n )  events (F ig .  1). V e r t i c a l  scans o f  t h e  upper atmos- 

phere a r e  ob ta ined by t r a c k i n g  the  so la r  d i s k  d u r i n g  an o c c u l t a t i o n .  From these ver -  

t i c a l  abso rp t i on  scans, assoc iated atmospheric temperature data,  and o r b i t a l  in fo rma-  

t i o n ,  species concen t ra t i on  p r o f i l e s  as a f u n c t i o n  o f  pressure (and a l t i t u d e )  can be 

i n f e r r e d .  

due t o  l o n g  absorb ing paths,  h igh  v e r t i c a l  r e s o l u t i o n  due t o  we igh t i ng  o f  t h e  absorp- 

t i o n  near the  ray  tangent  a l t i t u d e  (Ho i n  Fig. l ) ,  and a s t rong  r e l a t i v e l y  cons tan t  

i n t e n s i t y  r a d i a t i o n  source i n  the  sun. 

This  s o l a r  o c c u l a t i o n  technique o f fe rs  t h e  advantages o f  h i g h  s e n s i t i v i t y  
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As i l l u s t r a t e d  i n  Fig.  2,  the  HALOE instrument uses gas f i l t e r  c o r r e l a t i o n  r a d i -  

ometry fo r  measurements o f  HC1, HF, CH4, and NO and uses broadband f i l t e r  rad iomet ry  

f o r  measurement o f  tangent p o i n t  pressure ( f rom CO, abso rp t i on ) ,  03, H,O, and NO2. 

The gas f i l t e r  c o r r e l a t i o n  concept s based on c o r r e l a t i o n  between t h e  spec t ra l  con- 

t e n t  o f  t h e  s o l a r  r a d i a t i o n  passing through the  atmosphere and tha t  i n t roduced  by a 

gas c e l l  c o n t a i n i n g  t h e  species o f  n te res t .  It p rov ides  t h e  h i g h  e f f e c t i v e  s p e c t r a l  

r e s o l u t i o n  needed f o r  i s o l a t i n g  spec t ra l  s ignatures  o f  a t a r g e t  gas from the  e f f e c t s  

o f  i n t e r f e r i n g  absorbers. The broadband f i l t e r  rad iometer  concept i s  s i m i l a r  t o  t h a t  

used successful  l y  on t h e  Nimbus s a t e l l  i t e s .  

The HALOE i ns t rument  p rov ides  four  types  o f  ope ra t i ons  d u r i n g  t h e  science da ta  

p o r t i o n  o f  an o c c u l t a t i o n  event:  balance, s o l a r  scan, c a l  i b r a t i o n ,  and atmospheric 

da ta  c o l l e c t i o n .  The f i r s t  t h r e e  opera t ions  occur w h i l e  HALOE i s  v iewing  t h e  sun 

above t h e  atmosphere. I n  t h e  balance opera t ion ,  e l e c t r o n i c  ga in  adjustments a re  made 

t o  match, t o  some o f f s e t ,  t h e  s i g n a l s  f rom t h e  two separate pa ths  i n  each gas c o r r e -  

l a t i o n  channel. The s o l a r  scan mode prov ides  f i v e  complete scans (down and back) o f  

t h e  sun t o  c h a r a c t e r i z e  t h e  s o l a r  r e l a t i v e  i n t e n s i t y  curve. I n  t h e  c a l i b r a t i o n  oper -  

a t i o n ,  a c a l i b r a t i o n  wheel c o n t a i n i n g  gas c e l l s  f o r  t h e  f o u r  gas f i l t e r  t a r g e t  gases 

and a s e r i e s  of n e u t r a l  d e n s i t y  f i l t e r s  a re  cyc led  th rough t h e  o p t i c a l  path. Th is  

p rov ides  a check on gas response, rad iomet r i c  c a l i b r a t i o n ,  and ins t rumen t  balance. 

F i n a l l y ,  i n  t h e  atmospheric da ta  c o l l e c t i o n  opera t i on ,  HALOE t r a c k s  t h e  sun th rough  

t h e  atmosphere t o  o b t a i n  modu la t ion  (gas c o r r e l a t i o n  channels)  and rad iance ( r a d i -  

ometer channels ) p r o f i l e s .  For  a sunset event, a l l  f o u r  ope ra t i ons  a re  i nc luded ;  

f o r  a s u n r i s e  event, t h e  balance i s  omitted. 

I n  e f f e c t  t h e  HALOE techn ique attempts t o  d i f f e r e n t i a t e  between t h e  abso rp t i on  

o f  t h e  gas o f  i n t e r e s t  and t h e  t o t a l  broad band abso rp t i on ,  which can be as small as 

one p a r t  i n  100. This one p a r t  i n  100 then i s  des i red  t o  be kr,own t o  a t  l e a s t  10% 

accuracy,  r e q u i r i n g  knowledge t o  .l% o f  the  t o t a l  adsorp t ion .  Since t h e  HALOE s igna l  
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i s  p r o p o r t i o n a l  t o  t ransmiss ion  (where t ransmiss ion  = 1 -absorp t ion)  and t r a n s m i s s i o n  

i s  t y p i c a l l y  >.9,  t h e  t o t a l  s i g n a l  must be measured w i t h  a p r e c i s i o n  o f  .01% o r  b e t -  

t e r .  As can be seen by t h e  above d e s c r i p t i o n ,  t h e  measurement i s  done by t h e  d i f f e r  

enc ing of  two l a r g e  s igna ls .  

s i g n a l s  must be mainta ined by t h e  inst rument  and es t imated by c a l c u l a t i o n s  t o  b e t t e r  

than .01%. Th is  accuracy can be obtained o n l y  by c a r e f u l  c h a r a c t e r i z a t i o n  o f  t h e  

ins t rument  and h i g h  r e s o l u t i o n  c a l c u l a t i o n s  of the  s p e c t r a l  c o r r e l a t i o n  between 

atmospher ic and gas c e l l  a b s o r p t i o n  features.  

Th is  i m p l i e s  t h a t  t h e  cons is tency  o f  these two l a r g e  

Both of these general  tasks  have been addressed over  t h e  prev ious  year .  



111. HALOE I n s t r u r s n t  S i g n a l  

As d iscussed above, t h e  success o f  HALOE w i l l  depend on tiovr :ell t h 2  s i g n a l  c a n  

be modeled. Therefore considerable e f f o r t  das g iven t o  p u t t i n g  the  HALOE s igna l  

equat ion  i n t o  a form t h a t  would produce i n s i g h t  and understanding. This  would a l !2 , . i  

t e s t  r e s u l t s  t o  be i n t e r p r e t e d  w i t h  more conf idence, ins t rument  s p e c i f i c a t i o n s  t o  be 

b e t t e r  eva lua ted  i f  necessary, and poss ib le  ideas t o  sur face  on t h e  b e s t  a t t a c k  of  

t h e  r e t r i e v a l  problem. 

HALOE a t tempts  t o  produce a signal  t h a t  i s  h i g h l y  c o r r e l a t e d  w i t h  t h e  atmos- 

p h e r i c  a b s o r p t i o n  o f  a s p e c i f i c  gas. This i s  done by e f f e c t i v e l y  d i f f e r e n c i n g  two 

o c c u l t a t i o n  rad iometer  measurements. The i n p u t  fo r  one o p t i c a l  p a t h  measurement has 

s p e c t r a l  r a d i a t i o n ,  i n  reg ions  o f  the s p e c i f i e d  gas absorp t ion ,  removed by pass ing 

t h e  i n p u t  through a gas c e l l .  

except f o r  s e n s i t i v i t y  t o  atmospheric absorp t ion  by t h e  type  o f  gas i n  t h e  c e l l .  

The s tudy  o f  t h i s  concept prompted a few quest ions.  1. Can t h e  s i g n a l  nV 

The idea i s  t h a t  the  two measurements w i l l  be s i m i l a r ,  

(commonly r e f e r r e d  t o  as modulat ion)  be formu a t e d  i n  a way analogous t o  a radiome- 

t e r ?  2. I f  not ,  what i s  t h e  d i f f e r e n c e ?  3. W i l l  a change i n  f o r m u l a t i o n  a l l o w  

rad iometer  techniques t o  be a p p l i e d  t o  t h e  HA OE r e t r i e v a l  problem? 

The HALOE modulat ion equat ion i s :  

V.Y 
A V  = ' S f r a T c ( G r  T - r 2 ) d v  

9 1  
1 V 

where S = source f u n c t i o n  ( inc ludes n o r m a l i z a t i o n  ( o r  convers ion c o n s t a n t ) )  

G = g a i n  f a c t o r  necessary f o r  balance 

f = broad specta l  f i l t e r  func t ion  

A V  = v o l t a g e  

r a  = atmospheric t ransmiss ion 

T~ = inst rument  response common t o  bo th  vacuum and gas path 
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r i  = ins t rument  r (2sponse m i q u e  t o  gas path 

T~ = ins t rument  response unique t o  vacuum pa th  

A l l  v a r i a b l e s  a r e  a f u n c t i o n  of v (wavenumber) except G which i s  cons tan t .  Also 

v2 > VI and f ( v )  = 0 f o r  v < v l  and v > u2. The i n t e g r a l  w i l l  be assumed over 

t h e  non-zero range o f  f ( v ) .  

The ins t rument  i s  balanced under c o n d i t i o n s  o f  Ta = 1, o r  

where 

A V B  = 1 S f ' ( G ' r g - l ) d u  

G' = G - r 1 / ~ 2  

f '  = f T c r 2  (Vacuum path i n s t r i m e n t  s p e c t r a l  response) 

One can show t h a t  (see appendix A )  

AV = A V B  - (3 - 1) ( V v o  -VvI) + F I Sf'<a<gdv 

Term 1 Term 2 Term 3 

where V v o  = vacuum path  s igna l  viewing above t h e  atmosphere 

= vacuum path  s igna l  viewing through atmosphere 
. v v I  

( 5 )  

5, = 1 - T a  

S g = l - . r  9 - 
G = 1/Tg 

9 
- 
T = I S f '  rgdv /  I S f ' d v  

Term 1 i s  s e t  t o  zero a t  balance, l e a v i n g  o n l y  terms 2 and 3. Term 2 i s  p ropor -  

t i o n a l  t o  minus t h e  average broad band abso rp t i on  w h i l e  term 3 i s  p r o p o r t i o n a l  t o  t h e  

average abso rp t i on  over t h e ' e f f e c t i v e  gas f i l t e r ,  f ' c g  (see Appendix A ) .  

i n t e r e s t i n g  t o  no te  t h e  broad band absorp t ion  term goes t o  zero f o r  F = 1. Th is  

cou ld  have been achieved by balancing t h e  ins t rument  w i t h  an empty c e l l  i n  p lace  then 

s w i t c h i n g  t o  a f i l l e d  c e l l  f o r  recording data. This would have a l lowed t h e  l u x u r y  o f  

s p e c t r a l  c a l c u l a t i o n s  be ing  necessary on l y  where C g  i s  s i g n i f i c a n t l y  non-zero. 

It i s  



However, t h e  advantage o f  t he  HALOE balance i s  t h a t  abso rp t i on  sources w i t h  zero 

c o r r e l a t i o n  t o  s g  w i l l  balance t o  zero (i.e. wide f i l t e r  and gas f i l t e r  average 

abso rp t i on  a re  equal ). 

spec t ra l  f ea tu res  a r e  minimized by the HALOE balance. 

The e f fec ts  o f  p o o r l y  known c o n t i n u s  o r  randomly d i s t r i b u t e d  

Our f i r s t  two ques t i ons  a r e  now answered. Term 2 and term 3 o f  equa t ion  5 a r e  

analogous t o  s imp le  radiometers.  

v a l e n t  t o  two rad iometers  w i t h  s l i g h t l y  d i f f e r e n t  broad band f i l t e r s  ( G ’ f  & f ’ ) .  

Term 3 of equat ion  5 i s  fo rmula ted  i d e n t i c a l l y  t o  an emission rad iometer  where t h e  

f i l t e r  i s  G ’ f t g  and t h e  Plank func t i on  i s  replaced by S, t h e  s o l a r  source 

func t ion .  However, t h e  t h i r d  quest ion i s  s t i l l  i n  doubt. Although the  fo rmu la t i on  

i s  adequate, t h e  broad band f i l t e r  c a l c u l a t i o n  techn iques  may n o t  be capable o f  

model i n g  term 3 adequately. 

As we w i l l  see i n  t h e  nex t  s e c t i o n ,  term 2 i s  e q u i -  

To g a i n  more i n s i g h t  i n t o  t h e  A V  s igna l ,  t he  va r ious  components o f  equat ion  5 

were eva lua ted  f o r  each o f  t h e  HALOE gas f i l t e r  channels us ing  a model atmosphere. 

The c a l c u l a t i o n s  were performed f o r  s i x  paths w i t h  tangent  a l t i t u d e s  o f  62, 50, 40, 

30, 20, and 10 k i l omete rs .  The computations were s i m p l i f i e d  by co laps ing  t h e  o p t i c a l  

mass i n t o  t h e  tangent  l a y e r ,  so t h e  c a l c u l a t i o n s  a re  in tended o n l y  f o r  a rough s tudy  

. o f  r e l a t i v e  magnitudes. The m i x i n g  r a t i o  p r o f i l e s  used, a re  i n  Table 1. The r e s u l t s  

2d. As can be seen, t h e  terms o f  

by 2 x lo”.  

2 x 10 -’ Vvo. 

as t .  Th i s  i s  an a t tempt  t o  

bsorber  ( t h e  gas o f  i n t e r e s t )  

Th is  p u t s  them 

The o n l y  

were removed from t h e  atmosphere. 

e x c l u d i n g  t h e  gas of i n t e r e s t .  

p o s s i b l e  s i g n a l  due t o  t h e  gas o f  i n t e r e s t .  

That i s  Vivl i s  t h e  e v a l u a t i o n  o f  VVI 

Therefore, t h e  l a s t  column represents  t h e  l a r g e s t  

of t h e  c a l c u l a t i o n s  appear i n  Tables 2a, 2b, 2c and 

equat ion  5 have been normal ized by V,, then  d i v i d e d  

i n t o  i ns t rumen t  no ise  l e v e l  u n i t s  which are  rough ly  

column i n  t h e  t a b l e s  t h a t  needs exp lanat ion  i s  t h e  

e s t i m a t e  t h e  s igna l  change i n  VVI i f  the  p r i n c i p l e  

10 
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I f  the  i n t e r f e r r i n g  absorbers have z e r o  c o r r e l a t i o n  w i t h  the  gas f i l t e r ,  w i t h  

l i t t l e  ove r lap  o f  spec t ra l  l i n e s ,  one would expect column 2 and 6 t o  be n e a r l y  

equal. I f  t h e r e  were very l i t t l e  spect ra l  absopt ion by i n t e r f e r r i n g  gases i n  reg ions  

o f  gas f i l t e r  absorp t ion ,  then one would expect co l  umns 4 and 6 t o  be n e a r l y  equal .  

By i n s p e c t i n g  Table 2a-2d we see t h a t  one o r  bo th  c o n d i t i o n s  may e x i s t  above 30 km, 

bu t  below 30 km t h e r e  i s  s i g n i f i c a n t  non-zero c o r r e l a t i o n  and/or s p e c t r a l  l i n e  

over lap.  Th is  imp1 i e s  t h a t  r e t r i e v a l  c a l c u l a t i o n s  w i l l  need t o  i n c o r p o r a t e  d e t a i l e d  

c h a r a c t e r i z a t i o n  o f  l i n e  shape a t  the lower  a l t i t u d e s ,  e s p e c i a l l y  when Doppler s h i f t  

e f f e c t s  are inc luded.  To handle these e f f e c t s  w i t h  broad band techniques,  l a r g e  

emp i r i ca l  adjustments w i l l  be necessary and/or a l a r g e  i nc rease  i n  p r e c a l c u l a t e d  da ta  

t a b l e s  a long w i t h  increased complexi ty i n  t h e  t a b l e  u t i 1  i z a t i o n  a lgor i thms.  
I 

M ix ing  Ra t io  P r o f i l e s  Used i n  S imula t ions  

TABLE I 

Mixing Ra t io  Pgas/Pai 

ALT (km) HF HC1 CH4 NO "20 N2O 03 NO2 

62 2.9E-10 1.3E-9 8.OE-9 3.OE-9 3.OE-6 107E-11 0.96E-6 1.OE-10 

50 4.5E-10 1.3E-9 1.OE-7 1.OE-8 5.OE-6 3.1E-6 3.1 E-6 1.OE-9 

40 4.OE-10 1.5E-9 4.OE-7 1.2E-8 4.6E-6 1.6E-8 7.3 E-6 3.5E-9 

30 3.OE-10 1.OE-9 8.OE-7 2.5E-9 4.8E-6 9.OE-8 6.6E-6 7.5E-9 

20 6.OE-11 5.OE-10 1.3E-6 2.5E-10 4.4E-6 2.4E-7 2.6E-6 9.OE-10 

10 6.OE-13 2.4E-11 1.6E-6 3.OE-10 4.OE-5 3.2E-7 1.3E-7 3.OE-10 

I 
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TABLE ~a 

HF Channel 

i Tangent Term 2 Term 3 
Ht. km A V  (Eq. 5) (Eq. 5) vvo-vvI VI% 

62 011 -e23 . 34 2.27 .16 

50 .72 -2.07 2.79 21  . 44 1.18 

40 3.39 -6.27 9.66 62.00 4.52 

30 11.95 -16.61 28.58 164.10 ' 13.42 

20 23.45 -51 08 74.53 504.60 25.50 

10 35.23 -441.69 476.92 4362.90 12.60 

( u n i t s  o f  2 x 10-~ vv0) 7: = 1.1012 

TABLE 2b 

HC1 Channel 

Tangent Term 2 Term 3 
Ht. km A V  (Eq. 5 )  (Eq. 5) 

62 .52 -.02 .53 

50 2.26 - e 1 7  2.43 

40 8.74 -1.64 10.38 

30 28.45 -12.15 40.60 
43.40 -75.72 119.13 20 

10 -45.65 -438 55 393.89 

i 
vvo-vvI V I - ~ V I  

.84 .52 

9.11 2.33 
88.23 9.43 

653.80 33.61 

4073.72 81.69 

23592.86 63.40 

( u n i t s  o f  2 x 10'' V v o )  7: = 1.0186 
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TABLE 2c 

NO Channel 

i Tangent Term 2 Term 3 
H t .  km A V  ( E q .  5) (E% 5) vvo-vv I  VI% 

62 -05 -1.72 1.77 41.32 1.41 

50 16.17 -7.65 23.83 183.00 21.61 

40 84.61 -18.33 102.94, 438.30 90.78 

30 164.27 -49.25 213.52 1177.50 ' 200.00 

20 94.96 -176.38 271.34 4217.04 210.76 

10 42.17 -948.01 990.18 22665.87 247.66 

( u n i t s  o f  2 x 10'' Vvo) 3 = 1.1418 

TABLE 2d 

Tangent 
H t .  km A V  

62 .27 

50 14.53 

40 201.68 

30 815.02 
20 2921.96 

10 6775.10 

-. 25 

-10.06 

-143.96 

-732.17 

-291 5 51 
-11749.35 

Channel 

Term 3 i .  
(Eq. 5) vvo-vv I  VI-~VI 

.52 .48 .22 

24.59 19.09 17.00 

345.65 273.19 251.13 

1547.18 1389.27 1191.21 

5837 . 47 5532.08 5193.62 

18524.45 22293.99 21596.13 

( u n i t s  o f  2 x Vvo)  7: = 1.5270 
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I V .  Fast  Broad-Band Method - A p p l i c a t i o n  o f  EGA 

( E m i s s i v i t y  Growth Approximat ion) t o  HALOE 

Limb geometry remote sensing experiments have the  a b i l i t y  t o  i n f e r  unique m i x i n g  

r a t i o  p r o f i l e s  from measured radiance p r o v i l e s  over s i g n i f i c a n t  v e r t i c a l  a1 t i t u d e  

ranges, a t  l e a s t  t o  t h e  v e r t i c a l  r e s o l u t i o n  of t h e  instrument.  Th i s  v e r t i c a l  r e s o l u -  

t i o n  i s  determined by v e r t i c a l  f i e l d - o f - v i e w ,  sample spacing and noise.  For HALOE, 

i t  should be about 2 km th roughout  the s t ra tosphere .  Because o f  t h e  ex t remely  non- 

l i n e a r  na tu re  o f  t h e  r a d i a t i v e  t rans fe r  equat ion ,  accura te  s o l u t i o n s  a re  ob ta ined  

o n l y  th rough i t e r a t i v e  procedures i n v o l v i n g  many successive c a l c u l a t i o n s  o f  t h e  fo r -  

ward problem. 

a r i z e d  about an atmospheric s t a t e  assumed "c lose"  t o  t h e  t r u e  s o l u t i o n .  Th is  neces- 

s i t a t e s  an a p r i o r  knowledge and/or assumption about t h e  t r u e  s t a t e ,  g i v i n g  unre-  

l i a b l e  r e s u l t s .  The a b i l i t y  t o  do 

many f a s t  and accura te  fo rward  c a l c u l a t i o n s  becomes the  key t o  c r e d i b l e  i n v e r s i o n  o f  

t h e  measured radiance p r o f  i 1 es. 

(Th is  i n v e r s e  problem can be so lved i n  a c losed  form o n l y  i f  l i n e -  

(The method i s  unaccepatable i n  our op in ion . )  

The most successful  method, t o  date, f o r  do ing  t h e  broad band fo rward  c a l c u l a -  

t i o n  has been t h e  EGA. 

t h e  St ra tosphere)  experiment opera t iona l  da ta  processing w i t h  exce l  l e n t  r e s u l t s .  We 

a re  now i n  t h e  process o f  app ly ing  the techn ique t o  t h e  HALOE modu la t ion  c a l c u l a t i o n .  

This method was a p p l i e d  t o  t h e  LIMS (Limb I n f r a r e d  Mon i to r  o f  

Very s imp ly  s ta ted ,  t h e  EGA method c a l c u l a t e s  broad-band abso rp t i on  or emiss ion  

over  inhomogeneous paths us ing  t a b l e s  c o n s i s t i n g  o f  broad-band e m i s s i v i t i e s ,  

E(U,T,P), f o r  homogeneous paths. These homogeneous e m i s s i v i t i e s  rep resen t  a wide 

range of mass pa th  "U", temperature "T"  and pressure "Pl' values. The broad-band 

e m i s s i v i t y  i s  de f i ned  as: 

- 
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where F = Broad-band spec t ra l  f i l t e r  

B = Plank f u n c t i o n  

5 = Monochromatic absorpt ion 

u = wavenumber 

F = 0 ou ts ide  o f  range u1 t o  u2 

The use o f  these t a b l e s  i s  descr ibed i n  Gordley and Russe l l ,  1981. 

Equat ion 6 descr ibes  t h e  t a b l e s  t h a t  would be used f o r  an emiss ion c a l c u l a t i o n .  

For abso rp t i on  c a l c u l a t i o n s ,  as f o r  HALOE, the  Planck f u n c t i o n  B(v,T) i s  rep laced 

w i t h  t h e  s o l a r  source f u n c t i o n  B(v,6000°K). 

procedures can then be used t o  c a l c u l a t i o n  absorbed s o l a r  radiance. 

The same forward emiss ion c a l c u l a t i o n  

From equat ion  A4 o f  appendix A we see t h a t  

(where A V B  i s  assumed balanced t o  0). 

t i o n  us ing  t h r e e  separate radiometer channels wi th f i l t e r s  F1, F2 and F3 where 

This  i s  t he  e q u i v a l e n t  o f  measuring absorp- 

The development o f  t h e  a lgo r i t hm t o  use t h e  EGA techniques i n  e v a l u t i n g  equa- 

t i o n  7 i s  underway wi th a p re l im ina ry  func t iona l  code l i k e l y  t o  be complete by e a r l y  

1986. 
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V. R e t r i e v a l  Scheme 

As a l ready  dicussed, t h e  accurate model ing o f  t h e  HALOE s igna l  must i n c l u d e  

e f f e c t s  t h a t  o r i g i n a t e  from t h e  sharp spec t ra l  f e a t u r e s  i n  b o t h  t h e  gas c e l l  and 

atmospheric spectra. When t h e  re1 a t i v e  spec t ra l  p o s i t i o n  o r  shapes o f  these f e a t u r e s  

change due t o  Doppler s h i f t i n g ,  pressure broadening, etc., t h e  A V  s igna l  can i n c u r e  

l a r g e  r e l a t i v e  changes. The a b i l i t y  t o  i n c l u d e  these e f f e c t s  i n  an EGA a l g o r i t h m  

w i t h  c o n s i s t e n t  and s u f f i c i e n t  accuracy over a1 1 atmospheric and measurement scenar- 

i o s  i s  no t  o n l y  u n l i k e l y  b u t  d i f f i c u l t  t o  v a l i d a t e .  Only exac t  LbL c a l c u l a t i o n s  

appear t o  be adequate f o r  t h i s  requirement, b u t  t h e i r  use i n  i n t e r a t i v e  r e t r i e v a l s  i s  

p r o h i b i t i v e l y  expensive and t i m e  consuming. 

t h a t  w i l l  combine t h e  accuracy o f  t h e  LbL method and 

e c i rcumvent ing  t h e i r  r e s p e c t i v e  disadvantages o f  

We have developed a scheme 

t h e  speed o f  t h e  EGA method whi 

t i m e  and inaccuracy. 

F i g u r e  3 d i s p l a y s  t h e  r e t r  

reasoning i s  t he  source of t h i s  

eva l  procedure i n  f l o w  diagram form. The f o l l o w i n g  

scheme. 

The EGA fo rward  c a l c u l a t i o n s  are  f a s t  and p r e c i s e  and w i l l  be used i n  the  c a l c u -  

l a t i o n  i n t e n s i v e  i t e r a t i v e  r e t r i e v a l  a lgor i thm.  However, it i s  assumed t h a t  g i ven  

t h e  c o r r e c t  atmospheric s ta te ,  t h e  s igna l  l e v e l s  c a l c u l a t e d  by t h e  EGA w i l l  be i n  

e r r o r .  Th is  e r r o r ,  i n  our experience, i s  t y p i c a l l y  a sys temat i c  f u n c t i o n  o f  p ressure  

and masspath. Therefore,  g i ven  some measured s igna l  as i n p u t ,  t h e  EGA a l g o r i t h m  w i l l  

r e l a x  t o  an i n c o r r e c t  so lu t i on .  The LbL a l g o r i t h m  can be used t o  spot-check t h e  EGA 

e r r o r  a t  several  t a r g e t  a l t i t u d e s  by us ing  t h e  EGA s o l u t i o n  as i n  p u t  t o  an LbL f o r -  

ward c a l c u l a t i o n  o f  s igna l .  

es t ima ted  s igna l  i s  then used t o  i n f e r  a needed adjustment o f  t h e  s i g n a l  p r o f i l e  t h a t  

was i n p u t  t o  t h e  EGA r e t r i e v a l  program. S ta ted  another way, an adjustment i s  made t o  

the  measured s igna l  t h a t  e f f e c t s  t h e  c o r r e c t  r e t r i e v e d  s o l u t i o n .  

i n f e r e d  and c o n t i n u a l l y  r e f i n e d  by p e r i o d i c  and/or sparse LbL ca l cua t ions .  

n 

The d i f f e r e n c e  between t h e  measured s i g n a l  and t h e  LbL 

Th is  adjustment i s  



1 7  

= Adjusted Modulation 

= Mixing  Rat io  

Adjus t  MeasuLe Modulation 
Me(') = p\ '('1 4 

I = Measured Moduat i on 

~ ~~ 

Use l ine  by l ine  t o  . 
Calcula te  ML(Z) from Q ( Z )  

1 1 4 

I t e r a t i o n  
Req'd 

= Cal cul a t e d  Modul a t  ion v 

Figure 3.- Modulation invers ion  procedure 

I t e r a t i o n  Req'd Yes 
f rom ( M L  - M) - 

t 4 

Update x 
from ML(Z), M(Z)  

+ 
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The measurement adjustment concept may a t  f i r s t  seem non- r igorous  and unset -  

t l i n g .  

i n  which an EGA code i s  used as a very s o p h i s t i c a t e d  r e l a x a t i o n  and i n t e r p o l a t i o n  

scheme. 

an adjustment f u n c t i o n  "A". 

However, viewed from another pe rspec t i ve ,  it i s  i n  r e a l i t y  i n  LbL r e t r i e v a l  

To see t h i s ,  l e t ' s  l o o k  a t  a l i k e l y  procedure i n  de te rm in ing  and m a i n t a i n i n g  

The problem i s  t o  f i n d  an adjustment ''A'' which w e ' l l  assume i s  a f u n c t i o n  o f  

tangent  pressure P. 

Me = A ( P ) b ( P )  

Mm = t h e  measured modulat ion 

where Me = t h e  modu la t ion  t h a t ,  when i n p u t  t o  an EGA code w i l l  e f f e c t  

t h e  c o r r e c t  r e t r i e v a l  

I n i t i a l l y  we w i l l  assume A = 1, r e t r i e v e  a m i x i n g  r a t i o ,  then use t h e  m i x i n g  

r a t i o  as i n p u t  f o r  an LbL c a l c u l a t i o n  o f  modu la t ion  ML(P). I f  t h e  EGA c a l c u l a t i o n s  

a re  reasonably accura te  w i t h  systematic e r r o r s ,  one m igh t  assume t h a t  a change o f  

AMe(P) w i l l  e f f e c t  a change AML(P) w i th  t h e  f o l l o w i n g  r e l a t i o n s h i p .  

AM,(P) AML(P) v = m  
Using equat ions  8 and 9 one can show t h a t :  

( 9 )  



A s t a r t i n g  scenar io  may be as  f o l l ows :  

1. 

2.  Ret r i eve  a m ix ing  r a t i o  Q(P) us ing  Me(P) = A(P)Mm 

3. Stop i f  JA(P) -AL(P)  < E (E = convergence c r i t e r  

4. Set AL(P) = A (P)  

5. 

6. 

Set A(P) = 1 and AL(P) = 0 

Use Q(P) f o r  LbL c a l c u l a t i o n  o f  ML(P) 

Set A(P) = Me(P)/ML(P) and go t o  s tep  2. 
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The above sequence cou ld  i n v o l v e  many LbL execut ions  , depending on re1 a x a t i o n  ra tes .  

However, on subsequent r e t r i e v a l s ,  the i n i t i a l  adjustment would be done w i t h  t h e  

p r e v i o u s l y  es t imated  A(P). 

number o f  tangent  pressures. 

LbL c a l c u l a t i o n s  cou ld  be l i m i t e d  by do ing  o n l y  a sinall 

The update o f  .A(P) a t  these few pressures cou ld  be used 

t o  i n f e r  t h e  o t h e r  l e v e l s  through an i n t e r p o l a t i o n  o r  f i t t i n g  procedure. I t  may be 

found t h a t  even these sparse update ca l cu la tons  need n o t  be performed every  o r b i t  

s i nce  o c c u l a t i o n  tangent l a t i t u d e s  very s l o w l y  w i t h  time. There are  many p o s s i b i l -  

i t i e s  f o r  h o l d i n g  LbL c a l c u l a t i o n  t o  a minimum w h i l e  m a i n t a i n i n g  r e t r i e v a l  i n t e g -  

r i t y .  The most impor tan t  aspect o f  the method i s  t h a t  l i n e - b y - l i n e  s i g n a l  simu- 

l a t i o n s ,  u s i n g  r e t r i e v a l  m i x i n g  r a t i o s ,  a r e  r e q u i r e d  t o  match measured s igna ls .  

i s  t h e  e q u i v a l e n t  o f  a l i n e - b y - l i n e  r e t r i e v a l .  

Th i s  
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V I .  The LSL Code 

It should be c l e a r  from t h e  previous s e c t i o n  t h a t  t h e  q u a l i t y  a f  t h e  I n o d u l j t i o n  

r e t r i e v a l  r e s u l t s  w i l l  be s t r o n g l y  dependent on the  e f f i c i e n c y  o f  t h e  LbL code. 

Speed, f l e x i b i l i t y  and accuracy are  the r e q u i r e d  i n g r e d i e n t s  f o r  an adequate LSL 

a lgor i thm.  I n  view of these requirements, a s i g n i f i c a n t  e f f o r t  was made i n  des ign ing  

was t o  develop and developing a new Lbl  code f o r  t h i s  s p e c i f i c  app 

a code w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

a )  E f f i c i e n t  t a b l e  look-up Voigt f u n c t i o n .  

b )  No i n p u t / o u t p u t  of cross-sect ions.  

c )  Complete l i n b  s i g n a l  p r o f i l e .  

i c a t i o n .  The goa 

d )  Cross-sect ion c a l c u l a t i o n s  independent of number o f  tangent  paths.  

Ninety  percent  o f  t h e  t i m e  and expense o f  c u r r e n t l y  a v a i l a b l e  LbL codes can be t r a c e d  

C n  Lu + h m  blIc c a l c u l a t i o n s  o f  t h e  Voigt  func t ion  and t h e  read ing  and w r i t i n g  o f  c a l c u l a t e d  

cross s e c t i o n  values. Therefore these opera t ions  must be acce le ra ted  o r  reduced i n  

number be fore  a f a s t e r  code can be rea l i zed .  

V I .  - 1 Table Look-Up Vo ig t  Funct ion 

The Vo ig t  f u n c t i o n  can be viewed as t h e  c o n v o l u t i o n  o f  two separate symmetric 

f u n c t i o n s  about a c e n t e r  frequency. These two f u n t i o n s  a r e  a Doppler broadening 

f u n c t i o n  and a Lorentz  (p ressure)  broadening func t ion .  The f i r s t  i s  a Gaussion and 

t h e  second takes t h e  form o f :  
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':in;?re i i s  3 cons tan t  equal l i3  l !~ ,  1 i s  t h e  t r a n s i t i o n  ha1fwid"h a t  STP (s tandard  

temperature and p ressu re )  and ( J  - v0)  i s  the  wavenumber d i s tance  froin t r a n s i t i o n  

cen te r  v0. ' j ,  v0  and a r ?  i n  u n i t s  o f  cm-1. 

The h a l f w i d t h s  o f  t h e r e  two funct ions d e r i v e  f r o m  two d i f f e r e n t  phys i ca l  phenom- 

ena. 

va r ious  dopp ler  s h i f t s  o f  the  t r a n s i t i o n .  The Lorentz  i s  due t o  c o l l i s i o n a l  warping 

o f  t he  quantum s t a t e s  causing a change i n  energy l e v e l s .  The Doppler broadening i s  

t h e r e f o r e  temperature dependent while the  Lorentz  broadening i s ,  t o  f i r s t  order,  

d e n s i t y  dependent. The range o f  tempera ture /dens i ty  combinat ions i n  t h e  atmosphere 

can be extreme, r e q u i r i n g  c a r e f u l  p lanning and v a l i d a t i o n  o f  any t a b l e  look-up scheme 

used f o r  t h e  Vo ig t  f u n c t i o n  evaluat ion.  I n  a d d i t i o n ,  t h e  behav io r  o f  t h e  Doppler and 

Lorentz  broadening f u n c t i o n s  i n  the  "wings" ( l a r g e  d i s t a n c e  i n  wavenumbers f rom 1 i n e  

c e n t e r )  i s  q u i t e  d i f f e r e n t ,  exp[-(vo - v ) ~ ]  versus a 1 / ( v 0  - v ) ~  t y p e  behavior.  

I l lel e l ~ , [  e, t h e  Lorentz  f u n c t i o n  w i l l  always dominate a t  l a r y e  d i s tances  from i ine 

center .  

The Doppler i s  due t o  t h e  d i s t r i b u t i o n  o f  mo lecu la r  k i n e t i c  mot ion  causing 

--L - -- I- -- 

The p r imary  o b j e c t i v e  was t o  develop a code t h a t  would eva lua te  t h e  Vo ig t  func- 

t i o n  as q u i c k l y  as p o s s i b l e  w i t h  a t  l e a s t  t h e  minimum accuracy requ i red .  The goal 

f o r  minimum accuracy was s e t  a t  1% r e l a t i v e  accuracy f o r  p o i n t s  oh t h e  Vo ig t  cu rve  

w i t h  .1% i n t e g r a t e d  accuracy. These were met w i t h  t h e  scheme descr ibed below. 

Normal ly t h e  Vo ig t  f u n c t i o n  i s  expressed as a f u n c t i o n  o f  two parameters x and 

"L = Lorentz ha1 f w i d t h  

C ~ D  = Doppler h a l f w i d t h  
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If the t a b l e  look-up i s  t o  be f a s t ,  the  scheme must a l l o w  l i n e a r  i n t e r p o l a t i o n  over 

subsets o f  t he  tab les .  The l o g i c  t o  f i n d  t h e  proper subset must be f a s t ,  i m p l y i n g  

few subsets. 

made it d i f f i c u l t  t o  choose t a b l e  subsets t h a t  accommodated easy 1 ook-up i n t e r p o l  a -  

t i o n s .  There fore  a d i f f e r e n t  mapping fo rmu la t i on  was used i n  which t h e  independnt 

parameters were de f i ned  as, 

It was found t h a t  the  v a r i a t i o n  of t he  f u n c t i o n  over t h e  x, y p lane 

N/ A 
.1 

.1 

.1 

X I  = ( v  - v o ( / ( a L  + OD) 

y '  = u /a L D  

Unl i m i  t e d  

5 < Y '  < 11 - 
.1 < Y '  - < 5 
0 < Y '  < .1 - 

Note: y '  = y 

x '  = x / ( y  + 1). 

With t h i s  t r a n s f o r m a t i o n  o f  independent v a r i a b l e s ,  it was found t h a t  t h e  domain of x '  

and y '  coul-d be p a r t i t i o n e d  i n t o  4 reg icns ,  as described in Table 3. 

I n  t h e  f i r s t  reg ion  a s imple Lorentz f u n c t i o n  c a l c u l a t i o n  i s  performed. It was 

found t h a t  t h e  e v a l u a t i o n  o f  the Lorentz f u n c t i o n  was f a s t e r  than t a b l e  look-up l o g i c  

f o r  extended x '  regions. I n  add i t ion ,  t h i s  a l l o w s  f o r  d i s t a n t  Loren tz  wings. The 

l a s t  3 reg ions  a re  done us ing  t a b l e  look-up and l i n e a r  i n t e r p o l . a t i o n  between ad jacen t  

x '  and y' values. F igu re  4 i s  a contour o f  percent  e r r o r  over  t h e  domain o f  x '  and 

X '  

Region 1 

Region 2 

Region 3 

Region 4 

TABLE 3 
TVOIGT Rout ine Table 

P a r t i t i o n i n g  

Y '  

L i m i t s  Spacing I L i m i t s  

XB = (11.0 - Y)/(Oe6875(Y + 1)) 

Spacing 

.002 
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V I . -2  L-b-L C a l c u l a t i o n  Procedure 

Reducing L-b-L c a l c u l a t i o n  t i m e  requ i res  m in im iz ing  cross s e c t i o n  c a l c u l a t i o n s  

and i n p u t / o u t p u t  operat ions.  To achieve t h i s  goal w i t h  t h e  a d d i t i o n a l  requi rement  

t h a t  t ransmiss ion  f o r  m u l t i p l e  paths be c a l c u l a t e d  w i t h  a minimum o f  computat ional  

overhead, we have ordered and separated t h e  necessary opera t ions  i n  a unique fashion.  

F i r s t ,  t h e  i n t e g r a t i o n  over spect ra l  frequency i s  done as the  ou ts ide  loop.  

That i s ,  - a l l  computat ions i n v o l v i n g  cross sec t i ons  over an i n t e r v a l  A V  a r e  

completed be fo re  proceeding t o  t h e  next spec t ra l  i n t e r v a l .  Th is  avo ids  t h e  n e c e s s i t y  

o f  w r i t i n g  c ross -sec t i on  va lues t o  disk o r  s t o r i n g  l a r g e  numbers o f  c ross -sec t i on  

va lues f o r  l a t e r  use. 

Second, t h e  spec t ra l  c a l c u l a t i o n s  are  kept  t o  a minimum by c a l c u l a t i n g  c ross-  

sec t i ons  a t  pressure and temperature c o n d i t i o n s  associated w i t h  va r ious  a t t i t u d e s  o f  

t h e  atmosphere being analyzed. 

can be modeled s u f f f c i e n t l y  f o r  each tangent  path by a combinat ion o f  these 2, T 

It i s  then assumed t h a t  t h e  i n t e g r a t e d  t ransmiss ion  

c o n d i t i o n s  and an assoc ia ted  o p t i c a l  mass. 

sure and m i x i n g  r a t i o  p r o f i l e s  and tangent ray  a l t i t u d e s ,  w i l l  determine , the  needed 

A separate code, g iven  temperature,  pres-  

P, T c o n d i t i o n s  f o r  c ross-sec t ion  c a l c u l a t i o n s  and a corresponding o p t i c a l  mass a r r a y  

f o r  each ray  path. 

T) f o r  c ross -sec t i on  c a l c u l a t i o n  and t h e r e  are  M ray  paths t o  be modeled, it w i l l  

Therefore,  i f  the L-b-L program rec ieves  N comib ina t ions  o f  (P, 

rec ieve  an MXN a r r a y  o f  o p t i c a l  mass values, f o r  each absorb ing gas. 

F igu re  5 shows a pseudo FORTRAN code used t o  descibe the  o rde r  o f  c a l c u l a t i o n .  

F igu re  6 g r a p h i c a l l y  d e p i c t s  t h e  poss ib le  r e l a t i o n  between l e v e l s  se lec ted  f o r  tem- 

pera ture /pressure  c o n d i t i o n s  (TPC's) and the  mass i n t e g r a t i o n  a long t h e  tangent  ray. 

The masspath i s  i n t e g r a t e d  a long the  ray  i n  f i n i t e  elements determined by t h e  dashed 

curve  borders.  The mass of each element i s  p a r t i t i o n e d  i n t o  t h e  two nearest  
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TpC's. The p a r t i t i o n i n g  i s  done by a Loren tz  h a l f  w i d t h  we igh t i ng  scheme. For 

i ns tance  i f  Ti, P i  and T2, P2 a r e  t h e  temperature and pressures o f  TPC l e v e l s  

1 and 2, then t h e  mass Ue i s  p a r t i t i o n e d  as  f o l l o w s :  

where 

= a -CTo/TiIY 'i 
i o  P 

a = h a l f w i d t h  a t  standard pressure and 296 K. i o  

y = a gas dependent cons tan t  t y p i c a l l y  .5<y<?. 

To,Po = standard temperature and pressure.  

It i s  obvious t h a t  t he  ray  t ransmission e r r o r  should approach zero  as t h e  TP'C's 

become more numerous and c l o s e l y  spaced. This i m p l i e s  t h a t  t h e r e  shou ld  be a spacing 

t h a t  g i v e s  t h e  maximum e r r o r  t h a t  can be t o l e r a t e d .  S tud ies  a r e  planned f o r  d e t e r -  

ming t h i s  spacing. Also no te  t h a t  t o  achieve t h i s  d e s i r e d  accuracy a t  a few s e l e c t e d  

tangent  l e v e l s ,  t h e  optimum TPC spacing w i l l  l i k e l y  be nonuniform. 

The code f o r  per fo rming  a l l  o f  these L-b-L c a l c u l a t i o n s  i s  i n  t h e  f i n a l  stage of  

development and a p r o t o t y p e  should be ope ra t i ona l  by 3/86. 
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I n i t i a l i z e  Arrays 

DO 90 n = 1, N 

DO 50 i = 1, I 

DO 40 k = 1, K 

Cal c u l  a t e  J cross-sec t ion  f o r  

Segment n, SCBi ,  gask--C(j) 

DO 30 m = 1, L 

DO 20 j = 1, J 

A( j ,m)  = A ( j , l )  - u(m,i,k)*C(j) 

20 CONTINUE 

30 CONTINUE 

40 CONTINUE 

50 CONTINUE 

DO 70 m = 1, L 

DO 60 j = 1, J 

60 

70 CONTINUE 

80 CONTINUE 

T(m) = T ( m j  + exp(A(j,mj) 

N - - - # o f  spec t ra l  segments 

K - - - # of  gases 

L - - - # o f  raypaths 

I - - - # o f  spec t ra l  c a l c u l a t i o n  boundar ies 

J - - - # o f  spec t ra l  p o i n t s  i n  a segment 

C - - - Cross s e c t i o n  a r r a y  

A - - = Absorp t ion  c o e f f i c i e n t  m a t r i x  

U - - - Masspath m a t r i x  

T - - - I n t e g r a t e d  transmission a r r a y  

F igu re  5.- Cal c u l  a t  i o n  Procedure 
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V I I .  Instrument C h a r a c t e r i z a t i o n  Stud ies  

No i ns t rument  i s  t h e o r e t i c a l l y  pe r fec t .  Therefore imper fec t i ons  must be charac- 

t e r i z e d  th rough t e s t i n g  and modeling. 

have performed s t u d i e s  o f  o p t i c a l  and e l e c t r o n i c  " c r o s s - t a l  k "  , d e t e c t o r  non-uni- 

f o r m i t y ,  and balance o f f - s e t  e f fec ts .  

sec t ions .  

V I I - 1  "Cross-Tal k "  E f f e c t s  

I n  the  pas t  yea r  W i l l i a m  and Mary personnel 

These s t u d i e s  a re  desc r ibed  i n  t h e  f o l l o w i n g  

"Cross- ta l  k "  i s  an express ion  used t o  imp ly  t h e  i nseparab le  m i x i n g  o f  s i g n a l s .  

I n  t h e  HALOE ins t rument  t h e r e  are  t w o  general mechanisms f o r  c r e a t i n g  c r o s s - t a l k ;  

o p t i c a l  r e f l e c t i o n s  and inexac t  e l e c t r o n i c  demodulation. 

The f i r s t ,  o p t i c a l  c r o s s - t a l k  i s  caused by r a d i a t i o n  be ing  r e f l e c t e d  i n t o  

unintended paths. Th is  causes rad ia t i on ,  nomina l l y  in tended t o  f a l l  on a gas 

(vacuum) p a t h  de tec to r ,  t o  be p a r t i c u a l l y  r e f l e c t e d  from a t  l e a s t  two elements i n  

swh a Ljay t h a t  some s i g n i f i c a n t  p o r t i o n  o f  t h e  r e f 1 2 c t 2 d  energy i s  d i r e c t e d  o n t ~  a 

vacuum (gas) pa th  de tec tor .  

The second mechanism, e l e c t r o n i c  c r o s s - t a l k ,  causes d e t e c t o r  ou tpu t  due t o  

e x t e r n a l  source rad iance ( i n t e r n a l  b lack body rad iance)  t o  be i n t e r p r e t e d  as o u t p u t  

due t o  i n t e r n a l  b l a c k  body radiance (ex terna l  source rad iance) .  The i n t e r n a l  b l a c k  

body i s  used as a cons tan t  radiance source f o r  m o n i t o r i n g  t h e  r e l a t i v e  system a t t e n u -  

a t i o n  between gas and vacuum paths. When the  r e l a t i v e  a t t e n u a t i o n  va r ies ,  as 

de tec ted  by a change i n  t h e  gas-vac re fe rence s i g n a l ,  a g a i n  i s  a p p l i e d  t o  t h e  gas 

pa th  s i g n a l  by a feed-back l o o p  c a l l e d  t h e  automat ic g a i n  c o n t r o l  (AGC) .  The s i g n a l  

due t o  t h e  i n t e r n a l  source i s  d i s t i ngu ished  from e x t e r n a l  s i g n a l  sources by chopping 

t h e  two beams of rad iance a t  300 hz and 150 hz r e s p e c t i v e l y ,  then e l e c t r o n i c a l l y  

demodulat ing t h e  s igna ls .  

demodulator, t h e r e  occurs a s l  i g h t  mixing of s igna ls .  

Due t o  unavoidable imper fec t i ons  i n  bo th  t h e  chopper and 
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VII-1.1 Opt i ca l  Cross-Tal k 

Op t i ca l  c r o s s - t a l k  occurs i n  a given gas f i l t e r  c o r r e l a t i o n  channel when a f r a c -  

t i o n  o f  t h e  s igna l  from one pa th  (gas f i l t e r  pa th  o r  vacuum pa th )  i s  r e f l e c t e d  i n t o  

and i n t e r p r e t e d  as s igna l  i n  t h e  o ther  pa th  (vacuum pa th  o r  gas f i l t e r  pa th ) .  The 

amount o f  e r r o r  in t roduced i n t o  t h e  modulat ion s igna l  by o p t i c a l  c r o s s - t a l  k depends. 

upon two f a c t o r s :  t he  magnitude and the s p e c t r a l  con ten t  o f  t h e  c r o s s - t a l  ked s i g n a l .  

The HALOE modula t ion  s igna l ,  M, i s  g iven  by: 

M = (GVg-Vv ) /Vvo ,  where 

G 

vvo - - exoatmospheric s igna l ,  vacuum p a t h  

= m u l t i p l i e r  ga in  = Vvo/Vgo; 

Vgo = exoatmospheric s i g n a l ,  gas f i l t e r  pa th  

Vv = endoatmospheric s igna l ,  vacuum pa th  

Vg = endoatmospheric s i g n a l ,  gas f i l t e r  pa th  

Two t ypes  o f  o p t i c a l  c r o s s - t a l k  were studied. "Gas i n t o  vac" ( G V )  c r c s s - t a l k  

occurs when s i g n a l  f rom a gas f i l t e r  path i s  recorded as s i g n a l  i n  t h e  vacuum path. 

"Vac i n t o  gas" (VG) c r o s s - t a l k  occurs when s i g n a l  from a vacuum pa th  i s  recorded as 

s i g n a l  i n  t h e  gas f i l t e r  path. 

I f  o n l y  GV c r o s s - t a l k  i s  present, (va lues  w i t h  a pr ime denote values w i t h  

c r o s s - t a l  k). 

Vg'  = vg 

vgo' = vgo 

v v '  = v, + fVg  

V V O '  = VVO + f,Vgo, and 

M' = (G'Vgl - Vv')/Vvo' 

fo = f r a c t i o n  o f  energy on gas path d e t e c t o r  c r o s s t a l k e d  a t  balance 

f = f r a c t i o n  of energy on gas path d e t e c t o r  c r o s s t a l k e d  d u r i n g  event 

Note t h a t  f v a r i e s  w i t h  tangent a1 t i t u d e  observed. 
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Expressing M' i n  t e r n s  o f  the  V s igna ls  w i t h o u t  c r o s s - t a l k ,  t h e  f o l l o w i n g  

r e a l  t i o n  can be o ta ined :  

GVg - V v  ( f  - foPg 
vvo t foVgo vvo t foVgo 

M' = - 

1 2 

Term 1 i s  very n e a r l y  t h e  modulat ion, M y  w i t h  no c r o s s - t a l k  present.  Term 2 

represents  t h e  source o f  t h e  g rea tes t  modu la t ion  e r r o r .  The f r a c t i o n  o f  gas p a t h  

energy c r o s s t a l k e d  d u r i n g  t h e  event, f, i s  g r e a t e r  (assuming a non-negat ive 

modu la t i on )  than the  f r a c t i o n  o f  c ross - ta l  k du r ing  balance , f,. Th is  i s  because 

s p e c t r a l  f e a t u r e s  i n  t h e  atmosphere c o r r e l a t e  w i t h  specra l  f e a t u r e s  i n  t h e  GV 

c r o s s - t a l  k path. 

The importance o f  s p e c t r a l  content i n  GV c r o s s - t a l k  can be seen i n  t h e  f o l l o w i n g  

Table 4 p r o f i l e s  s imu la ted  f o r  t he  HC1 channel o f  HALOE. The modu la t ion  va lues  are  

expressed i n  u n l t s  o f  no i se  equ iva len t  moduiat ion,  o r  nem, w i t h  1.0 nem be ing  t h e  

des i  red 1 eve1 o f  agreement. 

Tan He igh t  

62 

50 

40 

30 

20 

10 

Crosswal k l e v e l  : 

TABLE 4 

GV x Talk E f f e c t s  

' M 1  M2 

.5198 .520 

2.277 2.278 

8.657 8.658 

27.019 27.022 

48.026 48.045 

6 . 298 6.362 

0.0% .7 33% 

M3 

.5199 

2.271 

8.534 

26 . 065 

42.1 81 

-3.623 

.505% 
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Case M 1  has no o p t i c a l  c r o s s - t a l k  and represents  the  nominal modu la t ion  f o r  a 

standard atmosphere. 

M3 has .505X o p t i c a l  c r o s s - t a l k  a t  balance. 

M~ was chosen t o  have a h i g h  magnitude b u t  low spec t ra l  con ten t .  On t h e  o t h e r  hand, 

case M3 has a low magnitude b u t  a high spec ta l  con ten t  achieved by a c r o s s - t a l k  

p a t h  t h a t  makes 3 passes th rough t h e  methane b l o c k i n g  c e l l .  

Case M2 has o p t i c a l  c r o s s - t a l k  of .733% a t  balance, and case 

However, t he  c r o s s - t a l k  pa th  f o r  case 

C l e a r l y ,  modu la t ions  

M 3  a re  much d i f f e r e n c t  from the  nominal values M 1  than a re  t h e  values M2. 

These cases i l l u s t r a t e d  t h e  need t o  know t h e  o r i g i n  of t h e  c r o s s - t a l k  i n  t h e  HALOE 

ins t rument  i f  the  modu la t ion  i s  t o  be c o r r e c t e d  p r o p e r l y  f o r  c r o s s - t a l k .  

V G  c r o s s - t a l k  can be analyzed i n  a manner s i m i l a r  t o  t h a t  f o r  gas i n t o  vac c r o s s  

t a l k .  For vac i n t o  gas, de f ine  (again, t h e  prime denotes va lues  w i t h  c r o s s - t a l k )  

v"o '  = vvo 

vgo ' = vgo + fo vv, 

vv I = v, 
V g '  = v + f V v  

g 

G' = vVo I "VO 
+ v  vgo fo  vo 

G ' V g '  - 
M' = I '", which can reduce t o  

vVO 

v + f V v  vV 

"v 0 
$0 + v  fo vo 

M'  = - -  

I f  M denotes modu la t ion  w i thout  c r o s s - t a l k ,  t h e  express ion  f o r  M '  can be 

w r i t t e n  



M' = M/(1 + fo? )  + -  qf 
L V  

+ 
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< 2 )  

1 2 

where 

Here, fo i s  t h e  f r a c t i o n  o f  energy on t h e  vacuum path  d e t e c t o r  c r o s s t a l k e d  a t  

balance; f i s  t h e  f r a c t i o n  o f  energy on t h e  vacuum path  d e t e c t o r  c r o s s t a l k e d  d u r i n g  

t h e  event. Note t h a t  f does no t  equal fo except a t  balance. 

Term 1 above i s  n e a r l y  t h e  modulat ion w i t h o u t  c r o s s - t a l k ,  as G i s  on t h e  o r d e r  

o f  .75, f o r  HC1 fo i s  on t h e  o rde r  of .002. 

Term 2 i n d i c a t e s  the  modulat ion e r r o r  i n t roduced  by the  VG c r o s s - t a l k ,  and 

p r e d i c t s  t h a t  aT1 modu la t ion  values with o n l y  VG w i l l  be l a r g e r  than t h e  modu la t i on  

values w i t h o u t  c ross - ta l k .  The Table 5 below l i s t s  ihe resii:is f o r  a YG c ross - ta : k  

case i n  t h e  HC1 channel f o r  .2% c r o s s - t a l k  a t  balance. 

TABLE 5 

VG Cross-Tal k E f f e c t s  

Tangent Heights M, (nem) M2 (nern) 

62 0.5198 0.5198 

50 2.277 2.278 

40 8.657 8.706 

30 27.019 27.423 

20 48.026 50.351 

10 6.298 9.728 
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Column ;,ll r , ? p r e s e n t s  the noirl inal inodulat ions f o r  no c r o s s - t a l  I< and column ;I2 

represents  the  modulat ions for .Z:L vac i n t o  gas c r o s s - t a l k .  Note a l l  M2 e n t r i e s  

a re  g r e a t e r  than o r  equal t o  11, e n t r i e s  as  p r e d i c t e d  by equat ion  2. Note t h e  

e r r o r s  a re  l e s s  than 2 nem above 20 km. 

It should be po in ted  o u t  t h a t  a l l  atmospheric t ransmiss ion  p r o f i l e s  were ca l cu -  

l a t e d  us ing  spec t ra l  l i n e  parameters from t h e  1982 A i r  Force Geophysics l a b o r a t o r y  

tape and 1 ine-by-1 i n e  t ransmi t tance  code. 

o p t i c s  t ransmiss ion )  was determined by us ing  vendor supp l i ed  t ransmiss ion  curves f o r  

a l l  o t p i c a l  elements. 

The HALOE ins t rumen t  response ( i  .e., 

These s imu la t i ons  of t h e  HC1 channel demonstrated t h e  need t o  reduce t h e  magni- 

tude o f  any GV c r o s s - t a l k  w i t h  h i g h  spec t ra l  con ten t .  The HC1 channel i s  unique i n  

t h a t  i t  conta ined a methane gas f i l t e r  i n  t h e  o p t i c a l  p a t h  immediately f o l l o w i n g  t h e  

broadband f i l t e r .  S imu la t ions  showed t h a t  c r o s s - t a l  ked paths making several  passes 

threugh th i s  cel l  cw!d  be responsible f o r  i n t r o d u c i n g  large r?.odu!ation errors due t o  

t h e  h igh  spec t ra l  con ten t  o f  these paths. 

paths th rough the  b l o c k i n g  c e l l ,  in te rchang ing  t h e  l o c a t i o n  o f  t h e  b l o c k i n g  c e l l  and 

broadband f i l t e r  was proposed. 

t i o n  e r r o r s  due t o  c r o s s - t a l k  paths through t h e  b l o c k i n g  c e l l  were g r e a t l y  reduced, 

due t o  t h e  reduc t i on  i n  c r o s s - t a l k  magnitude achieved by f o r c i n g  t h e  c r o s s - t a l k  beam 

To reduce t h e  magnitude o f  c r o s s - t a l k  

Studies of t h i s  new c o n f i g u r a t i o n  showed t h a t  modula- 

t o  more than 2 a d d i t i o n a l  passes through t h e  broadband f i l t e r .  

change was adopted. 

The c o n f i g u r a t i o n  

Dur ing  t h e  course o f  t h e  c ross - ta l k  analyses, it was r e a l i z e d  t h a t  any c ross -  

t a l k  beam w i l l  have an e f f e c t  i n  bo th  gas and vacuum paths,  rega rd less  o f  i t s  o r i g i n .  

This i s  because any o p t i c a l  t r a i n  i s  d i v i d e d  by a b e a m s p l i t t e r  i n t o  t h e  gas and 

vacuum paths,  and the re  i s  no d i r e c t  way f o r  any s igna l  r 2 f l e c t i n g  back ou t  o f  t h e  

gas (vac) p a t h  t o  get i n t o  the  vac (gas) pa th  wihoat f i r s t  encounter ing  t h e  gas-vac 

b e a m s p l i t t e r .  Therefore,  any and a l l  c r o s s - t a l k  beams a re  d i v i d e d  i n t o  t h e  vacuum 
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and gas paths. T h i s  should g r e a t l y  reduce t h e  e r r o r  i n  modu la t ions  ob ta ined by 

i n c l u d i n g  c r o s s - t a l k  e f f e c t s  i n  j u s t  on path. I n  t h i s  s tudy  we assumed t h e  beam 

s p l i t t e r  would d i v i d e  c ross - ta l ked  energy i n  t h e  same p r o p o r t i o n  as p r imary  beam. I n  

r e a l i t y  t h e  r e f l e c t e d  energy w i l l  f avor  t h e  d i r e c t i o n  f rom which i t  came due t o  t h e  

p o l a r i s i n g  e f f e c t s  o f  t h e  beam s p l i t t e r .  Th i s  w i l l  f u r t h e r  reduced t h e  t r u e  c ross-  

t a l k  e f f e c t s  r e l a t i v e  t o  our est imates.  

A s i m u l a t i o n  o f  gas-vac c r o s s - t a l k  i n c l u d i n g  t h e  component o f  t h e  beam t h a t  

remains i n  the  gas pa th  was c a r r i e d  out f o r  a h i g h  s p e c t r a l  con ten t  and h i g h  magni- 

tude (4.5%) c r o s s - t a l k  pa th  i n  t h e  HC1 channel. L i s t e d  below i n  Table 6 a re  t h e  

modul a t  i o n  V a l  ues c a l  c u l  ated. 

TABLE 6 

Combined Cross-Tal k E f f e c t  

Tangent Height (km) M, (nem) M, 

62 0.5198 0.5215 

50 2.277 2.251 

40 8.657 7.630 

30 27.019 18.199 

20 48.026 -2.869 

10 6.298 -68.8 15 

M, jnem) 

0.5202 

2.280 

8.652 

26.895 

47.063 

4.100 

Once again,  M l  corresponds t o  t h e  nominal (no c r o s s - t a l k )  modu a t i o n  l e v e  . Case M, 

i s  t h e  modu la t ion  c a l c u l a t e d  i f  o n l y  the componet of c r o s s - t a l  k sp l  i t  i n t o  t h e  vacuum 

pa th  i s  included. Note t h e  ex t remely  l a r g e  changes. Case 'M3 i s  t h e  modu la t ion  

c a l c u l a t e d  i f  bo th  components o f  c r o s s - t a l k  a r e  included. Note t h a t  t he  agreement i s  

b e t t e r  than any prev ious  case where only one component o f  c r o s s - t a l k  was s tud ied ,  

e s p e c i a l l y  cons ide r ing  t h e  l a r g e  magnitude of c r o s s - t a l k  i n  t h i s  l a s t  case. 

The e n t i r e  c r o s s - t a l k  a n a y l s i s  was s i g n i f i c a n t  i n d e f i n i n g  t h e  importance o f  t h e  

mechanisms (magnitude and spec t ra l  con ten t )  t h a t  c o n t r i b u t e  t o  modu la t ion  e r r o r s  o f  
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o p t i c a l  c r o s s - t a l k  i s  present.  The study a l s o  r e s u l t e d  i n  t h e  r e a l i z a t i o n  t h a t  any 

c r o s s - t a l k  beam w i l l  add t o  the  gas and vacuum pa th  s i g n a l s ,  rega rd less  o f  i t s  

o r i g i n .  I n c l u d i n g  t h e  c r o s s - t a l k  e f fec ts  i n  bo th  gas and vac channels s i g n i f i c a n t l y  

reduced t h e  expected e r r o r  i n  modulat ion and a l s o  p rov ided  a more accura te  represen- 

t a t i o n  o f  t h e  ins tuments 's  expected performance. 

VII-1.2 E l e c t r o n i c  Cross-Tal k 

The two types  o f  e l e c t r o n i c  c ross - ta l k  a re  r e f e r r e d  t o  as s o l a r - t o - r e f e r e n c e  and 

re fe rence- to -so l  a r .  I n  general,  t h e  so l  a r - to - re fe rence  i n t e r f e r e s  w i t h  t h e  AGC, 

g i v i n g  ga in  c o r r e c t i o n  e r r o r  and, t he re fo re ,  A V / V  (modu la t ion)  e r r o r .  

t o - s o l a r  causes a cons tan t  o f f s e t  e r r o r  i n  t h e  vacuum and gas pa th  s igna ls ,  a l s o  

The re fe rence -  

r e s u l t i n g  i n  modu la t ion  e r r o r .  For a d e r i v a t i o n  o f  t he  e l e c t r o n i c  c r o s s - t a l k  

equat ions  see Appendices B and C. 

VII-1.2.1 S o l a r - t o  Reference Cross-Tal k 

The e r r w  i n  modu la t ion  6sM due t3 so?ar= t= - re fe rence  c r o s s - t a l k  cari be 

s u f f i c i e n t l y  approximated by t h e  folowing: 

b s M  = X',rg[e(l - T ~ )  - Mm + M!] 

where i s  t h e  vacuum pa th  c r o s s - t a l k  l e v e l  d e f i n e d  as: 

modulat ion,  AP/P i s  t h e  measured s o l a r  vacuum 

i s  t h e  measured A V  s igna l  ( i n  t h e  same u n i t s  as V s v o ) .  

a t  balance. Tg 5 v ! ~ / $ ~ ~  and can be s u f f i c i e n t l y  approx 
"e" i s  a system cons tan t  t h a t  can be determined by t h e  f o l  

SVO. svo 
m 

Note t h a t  re fe rence s igna l  vo l tage i s  designated by Vr, ins tead  o f  R. 

Vm i s  t h e  measured vacuum path re fe rence  vo l tage  a t  balance and Vrv0 i s  t h e  
m r v o  

measured vacuum path  re fe rence vol tage w h i l e  v iewing  c o l d  space. M i s  t h e  measured 

s igna l  a t  balance and AP 
Mm i s  measured modu la t i on  
0 

mated by (hum + V&)/Vtv0. 
owing equat ion  : 
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where 

(i.e.,  6 = G /G 

i s  the measured vacuum reference signal  during space dwell. A R ~  i s  the balance AR 

value. 

over V r v ,  then A R  must be divided by 60. 

combination w i t h  balance and space dwell d a t a  t o  completely define a modulat ion 

correction during track mode due t o  sol ar-to-reference cross-tal k. 

i s  the observed g a i n ,  from AGC readout, between balance and space dwell 

where Gs = g a i n  a t  space dwell and Go = g a i n  a t  balance). V r v o  s o  

Again, voltages must be i n  the same units; i.e., i f  A R  

Equations V - 1  and V-3 can be used i n  

has a g a i n  of 60 

Preliminary estimates of the  effect of solar-to-reference cross-talk can be 

found i n  Table 7. 

VI I .-1-2-2 Reference-to-Sol ar Cross-Tal k s  

The error i n  modulation, b R M  due t o  reference-to-solar cross-talk, is  suff i -  

approximated by : 

y,' is the vacuum p a t h  cross-talk level defined by: 

v m -  
Y,' = svo " vsvO = q " ( o f f ) / [ q v o  - $,(off)] 

svo 

where c v ( o f f )  

(of f  the Sun) .  ~g and fl are defined as before. "d" can be found by 

i s  the vacuum p a t h  solar measurement while dwelling on cold space 
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ALT., km 

- 
‘Mg 62 

A 
B 

- 
50 ‘Mg 

A 
B 

- 
40 ‘Mg 

A 
B 

- 
30 

A 
‘Mg 
B 

- 
20 ‘Mg 

A 
B 

- 
10 ‘Mg 

A 
B 

- 
ig 6 

A 
B 

TABLE 7 - ESTIMATED EFFECT OF SOLAR TO REFERENCE CROSS-TALK 

CH4 HC II NO HF 

,99999 .99996 .99863 99994 
.269 .517 . 045 .ll -. 0022 -e018 -- -. 002 
-.0002 -9.2 x 1 0 - ~  -- -- 

.99960 . 9985 .9952 .9995 
14.53 2.26 16.17 .72 
-013 -e038 -- -e015 
- e o 1  -.034 -- -- 

.9946 .9892 .9896 .9986 
201.68 8.74 84.61 3.39 
-2.0 -0132 -- .077 
-.12 -e247 -- -- 

.9739 .9607 ,9707 ,9964 
28.45 164.27 11.95 

-?,a4 - * 4 7 2  -- -. 270 
-052 - a  884 -- - 093 

815.02 

.8952 .8499 . 89 30 .9887 
2921.96 43.40 94.96 23.45 
-25.84 -0637 -- -e528 
-1.93 -2.938 -- - 0  310 

5838 47 28 .4821 .9007 
6775.10 -45.65 42.17 35.23 
-39.1 . 372 -- -.722 

-2.356 -5.0 -5 . 745 -- 

-- -- -0176 -472 -- -- -- -- -- -- -- -- -- -- -- -- 

- 
T = Average gas channel atm. t ransmiss ion ;  M = Modu la t ion  (NEM) 

9 
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where # ( o f f )  i s  t he  measured modulat ion w h i l e  d w e l l i n g  on c o l d  space. Equat ions 

V-5 and V-6 can be used i n  combination w i t h  balance and of f -Sun data t o  d e f i n e  a 

c o r r e c t i o n  t o  t h e  t r a c k  mode data, necess i ta ted  by re fe rence - to -so la r  c r o s s - t a l  k. 

For a d e t a i l e d  d e r i v a t i o n  o f  t h e  e l e c t r o n i c  c r o s s - t a l k  equat ions,  ,see appendices B 

and C. 

VI I -2.  Balance O f f s e t  E f f e c t s  

As was seen i n  s e c t i o n  111, the  HALOE ins t rument  balances the  gas and vaccum 

path  s o l a r  s i g n a l s  so t h a t  t h e  vol tage d i f f e r e n c e  i n  ou tpu ts  i s  zero. 

ope ra t i on  i s  performed w h i l e  v iewing unat tenuated s o l a r  energy, t h a t  i s , . v iew ing  t h e  

sun exos tmospher ica l l y .  

s igna l .  A f t e r  t h e  balance, t he  so la r  s i g n a l s  w i l l  change due t o  atmospher ic 

abso rp t i on  d u r i n g  sunset o r  sunr ise.  Therefore,  i n  o rde r  t o  m a i n t a i n  t h i s  balanced 

c o n d i t i o n ,  an unat tenuated i n t e r n a l  blackbody re fe rence s igna l  i s  moni tored and 

main ta ined a t  i t s  balance l e v e l  by vary ing t h e  ga in  on t h e  gas pa th  s i g n a l .  

re fe rence s igna l  i s  produced by passing t h e  blackbody emiss ion rad iance through t h e  

This  ba lance 

The s i g n a l s  are matched by app ly ing  a ga in  t o  the  gas p a t h  

Th is  

same o p t i c s  as t h e  s o l a r  i n p u t ,  t o  the e x t e n t  poss ib le .  It i s  chopped a t  a 

d i f f e r e n t  f requency than t h e  s o l a r  i npu t  i n  o rde r  t o  separate s o l a r  from re fe rence 

through demodulat ion e l e c t r o n i c s .  

The succesfu l  maintenance o f  balance depends on severa l  factors .  F i r s t ,  t he  

changes i n  ins t rument  response t o  gas and vacuum s i g n a l s  must be t h e  same f o r  b o t h  

re fe rence  and s o l a r  sources. The v a r i a t i o n  of system response must no t  be t o  f a s t  

f o r  t he  AGC t o  fo l l ow .  F i n a l l y ,  t h e  requ i red  ga in  changes must n o t  go pas t  system 

capab i l  i t i e s .  
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This  l a s t  requirement i s  important when cons ide r ing  i n i t i a l  ga in  s e t t i n g s  and 

balance r e s o l u t i o n .  I g n o r i n g  c ross - ta l  k ,  t he  re fe rence and s o l a r  d i f f e r e n c e  s igna l  s 

can be modeled w i t h  the  equat ions 

AR = GRg - R, 

A V  = GVg - Vv 

- re fe rence gas pa th  s ignal  

R, - re fe rence vac pa th  s ignal  

- s o l a r  gas pa th  s igna l  

V, - s o l a r  vac pa th  s igna l  

G - a d j u s t a b l e  gain.  

Rg 
where 

The ins t rument  i s  i n i t i a l l y  set ,  i n  the  l a b ,  so t h a t  A R  = A V  = 0 f o r  G = 1. G 

However, AR i s  i s  a l lowed t o  vary,  as needed d u r i n g  the miss ion ,  from .75 t o  1.25. 

d i g i t i z i e d  and moni tored on ly  over a range - + .03 RVL where RVL i s  t h e  i n i t i a l  

l a b o r a t o r y  s e t t i n g  of Rv. 

The balance i s  ma in ta ined over an event by a d j u s t i n g  G so t h a t  

9 G = (AR, + R v ) / R  

where A R ~  i s  t he  balance va lue o f  AR. I f  AR, = 0 it i s  easy t o  see t h a t  AVO would 

be main ta ined a t  zero f o r  any inst rumenta l  s igna l  pa th  response change i n  t h e  form: 

and/or 

vv -+ K V V V  

Rv + KvRv 
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This  i s  not  t he  case however, i f  the  K and/or K, are  d i f f e r e n t  f o r  re fe rence and 

s o l a r  s igna ls .  One must a l s o  consider the  balance procedure. A t  balance, G i s  

ad jus ted  t o  s e t  A V ~  = 0, i.e. 

9 

G = ( A V O  + V v ) / V g  

Where A V ~  and V 

I f  Kg and Kv vary  by 3% o r  more between re fe rence and s o l a r  s i g n a l s ,  AR may move 

ou ts ide  of i t s  d i g i t i z a t i o n  l i m i t s .  The system ba lanc ing  techn ique requ i res  t h a t  A R  

remain w i t h i n  t h e  d i g i t i z a t i o n  l i m i t s .  

away from 0 (i.e. A V ~  f 0) bu t  t h i s  w i l l  cause necessay c o r r e c t i o n s  t o  the  data. 

One more cons ide ra t i on  t h a t  should be addressed i s  what i s  t h e  impact o f  an 

are  t h e  prebalance exatmospheric values. 
9 

One can change these l i m i t s  and/or balance 

imper fec t  AGC? I n  o t h e r  words, can co r rec t i ons  be made f o r  t h e  e f f e c t s  o f  A R  no t  

be ing main ta ined a t  t he  balance cond i t ion .  

Appendix D addressed these quest ions r e s u l t i n g  i n  t h e  f o l l o w i n g  c o r r e c t i o n  

formul a : 

6BM = 

6gM - 
M m -  

v -  
T 

vvo - 

Rvo - 

A R ~  - 

vvm - 

Rvm - 

6R - 

6 R ( P  + rV)  + (RVm- R v o )  (fl- T v AR m m  / R  v )  

V 
Ab + 

Cor rec t i on  t o  t h e  measured modu la t ion  t o  o b t a i n  t h e  t r u e  modulat ion 

measured modulat ion nV/Vv0 

V,m’VVo 

vacuum s o l a r  s igna l  a t  balance 

vacuum sol  a r  s igna l  

vacuum re ference s ignal  a t  ba l  ance 

vacuum re ference signal  

d e l t a  R s igna l  

( A R ~  - A R ~ )  where bRo = A R ~  a t  ba lance 

Note t h a t  equat ion  V-7 conta ins  on ly  measured q u a n t i t i e s .  
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Pr imary p o i n t s  of i n t e r e s t  are:  

1. 

2. 

3. 

4. 

F a i l u r e  t o  ma in ta in  the  balance c o n d i t i o n  (6R # 0) can be co r rec ted  t o  t h e  1 NEM 

l e v e l  s ince  GR/(RVm + A R ~ )  should be known t o  1 NEM as long as AR s tays  

w i t h i n  the  d i g i t i z a t i o n  range. 

The e f f e c t s  o f  l a r g e  o f f - s e t s  i n  A R  a t  balance are  small i f  

( ( R v m  - Rvo)/(ARm + Rvm)) I K v  - 11 i s  smal l .  For example, i f  A R ~  v a r i e d  

by i t s  f u l l  range o f  0.03, then a 1 NEM o r  g r e a t e r  e f f e c t  would r e q u i r e  

PL 
I K Y  - 11 > (2 x 10'5/.03) - 33 

The de te rm ina t ion  o f  Kv - 1 should be accura te  t o  

i s  25 NEM. Therefore,  cons idera t ion  should be made 

Equat ion V-7  assumes n e g l i g i b l e  change i n  the  r a t i o  

NEM 

5 x (l/ZOOO) which 

t o  extend the  range o f  AR. 

d u r i n g  an event. 

I f  6R = 0 (AGC main ta ins  hRm = AR,) t h e n  GBM = 0 i f  Kv  = 1. It i s  insen-  

s i t i v e  t o  K 
9' 

V I  1-3. Cor rec t i on  Formula Interdependence 

The modulat ion e r r o r  formulas der ived i n  appendices B, C, and D app ly  f o r  SRXT 

(So la r  t o  Reference Cross- ta l  k )  , RSXT (Reference t o  Sol a r  Cross- ta l  k )  and ba l  ance 

r e l a t e d  e r r o r s ,  r e s p e c t i v e l y .  These d e r i v a t i o n s  were done independent ly ;  bu t ,  i n  

r e a l i t y ,  a re  i n t e r r e l a t e d .  The e f f e c t  o f  SRXT on t h e  RSXT e r r o r  formula i s  

negl i g i b l e ,  as can be seen by formulas C20 and C21. However, a1 1 t h r e e  formulas have 

terms t h a t  a re  dependent on the  measured modulat ion,  imp ly ing  t h a t  the  c o r r e c t i o n s  

must be a small f r a c t i o n  of the  modulat ion t o  be v a l i d  when used independent ly.  

Reviewing the  c o r r e c t i o n  formulas,  we have: 



SRXT Cor rec t i on :  

RSXT Cor rec t i on :  

Bal ance Re1 a ted  Cor rec t i on  : 

~ R ( M "  + 2 )  t ( R , , ~  - R ~ ~ ) ( M ~  - v m  AR /RJ 
tiBM = 

(AR'" + 

An impor tan t  p o i n t  t o  remember i s  t h a t  t he  SRXT and BR (Balance Related)  forrnu- 

l a s  a re  caused by AGC d r i v e n  ga in  changes (except f o r  t h e  6R t e r m ) .  One i s  induced 

by v a r i a t i o n  i n  t h e  SRXT s i g n a l ,  t h e  o ther  i s  induced by system response changes i n  

the gas and vacuiim p a t h s ,  

cause v a r i a t i o n  i n  the  apparent vacuum reference s i g n a l ,  i.e., 

Xoyever, SRXT changer; and system response changes ca:! b o t h  

This  suggests the  quest ion,  w i l l  c o r r e c t i o n  C i n c l u d e  any p a r t  o f  c o r r e c t i o n  A? 

The answer i s ,  yes. Since R w i l l  change due t o  t h e  v a r y i n g  SRXT s igna l  d u r i n g  an 

w i l l  become non-zero w i t h o u t  K o r  K, d e v i a t i n g  from 1. Th is  event,  Rv - Rvo 

should be accounted f o r  i n  the  f o l l o w i n g  way. 

m 
9 
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due t o  c r o s s - t a l k  i s :  R v m  - Rvo The p o r t i o n  o f  

To remove t h e  e f f e c t  of c r o s s - t a l k  f rom equat ion  C y  one should rep lace  i t  w i t h  

equa t ion  D l O A  from appendix D 

The v a l i d a t i o n  o f  these equations must u l t i m a t e l y  come from s t a t i c  model c a l c u -  

The f i r s t  two a re  i n  progress.  l a t i o n s ,  l a b  da ta  ana lys i s ,  and o r b i t a l  performance. 

One f i n a l  comment on these c o r r e c t i o n  f o r m u l a s - - i t  would be a e s t h e t i c a l l y  s a t i s -  

f y i n g  i f  a formula t h a t  r i g o r o u s l y  couples t h e  t h r e e  e f fec ts  cou ld  be der ived. The 

d i f f i c u l t y  w i t h  a t tempts  a t  a general f o r m u l a t i o n  i s  t h e  complex i ty  o f  t h e  algebra.  

The c ross  terms make i t  d i f f i c u l t  t o  i d e n t i f y  terms t h a t  can be r e l i a b l y  neglected. 

It i s  a l s o  d i f f i c u l t  t o  pu t  i n  a form t h a t  i nc ludes  o n l y  te lemetered  parameters. 

I n d i c a t i o n s  f rom p r e l  im ina ry  Val i d a t i o n  e f f o r t s  a re  t h a t  a general f o r m u l a t i o n  w i l l  

be unnecessary. 

It should be noted t h a t  t he  t ime dependence of t h e  AGC response w i l l  tremen- 

dous ly  impact t h e  a p p l i c a t i o n  of t h e  above c o r r e c t i o n  formulas. 

v a l i d  f o r  d i r e c t  use o n l y  i n  a s t a t i c  s i t u a t i o n ,  which w i l l  be v i r t u a l l y  non -ex i s ten t  

d u r i n g  t h e  miss ion .  

response and bas i c  b u i l d i n g  b locks  f o r  a dynamic c o r r e c t i o n .  

These formulas a r e  

However, they  serve as t o o l s  f o r  unders tand ing  t h e  HALOE 

The p o i n t  should be made t h a t  i f  a l l  g a i n  changes d u r i n g  an event a r e  determined 

t o  be f a l s e  (i.e., due t o  c r o s s - t a l k  and system ba lanc ing  i m p e r f e c t i o n s ) ,  then t h e  

AAGC can be used t o  develop a s imple scale f a c t o r  c o r r e c t i o n  i n  a d d i t i o n  t o  t h e  

d i r e c t  use of equat ion  B. 



~ ~~~ ~~~~ ~ ~ 

a4 

Appendices 8, C, and D can a l s o  be used t a  develop more exac t  c o r r z c t i i i n s ,  

should c r o s s - t a l  k and imbal ance becolne 1 arge. 

A f i n a l  p o i n t  worth cons ide r ing  i s  a planned c a l i b r a t i o n  sequence f o r  i iALOE 

d u r i n g  h i g h  8 angle (no sunset)  t imes t o  det2rmine syste:n response changes as a 

f u n c t i o n  o f  t ime  and temperature. The f u l l ,  una t tenuated  Sun can be observed f o r  

extended cont inuous t i m e  pe r iods  t o  cal i b r a t e  system response changes. These 

c a l i b r a t i o n  curves can then be used i n  combinat ion w i t h  c r o s s - t a l k  c o r r e c t i o n s  d u r i n g  

o c c u l t a t i o n  events. 

p e r i o d i c a l l y  scanning o f f  t he  Sun dur ing  these c a l i b r a t i o n  o p p o r t u n i t i e s  as w e l l .  

Cross- ta lk  changes as a f u n c t i o n  o f  t ime  cou ld  be determined by  

I n  conc lus ion ,  we f e e l  t h a t  undesired system response c h a r a c t e r i s t i c s  as a 

f u n c t i o n  o f  t ime and temperature can be determined and mon i to red  i n  o r b i t .  However, 

it i s  c r i t i c a l  t h a t  these responses be we l l  understood, c h a r a c t e r i z e d  and rn in in i zed  

th rough a thorough fnstrument t e s t  campaign i n  t h e  l ab .  



' I !  T 1. ' k t a c t o r  t o  Bear3 Non-uni f a r r : i i t j  Studies 

Other processes which may induce modu la t ion  e r r o r s  a re  beam movement on t h e  

d e t e c t o r s  a s  we1 1 as the  s p a t i a l  u n i f o r m i t y  of t he  i n p u t  bean and de tec to rs .  

Beam movements may induce modulat ion e r r o r s  i n  the  f o l l o w i n g  way. I f  a d e t e c t o r  

has a non-uni form response versus p o s i t i o n  over i t s  a c t i v e  area, moving t h e  beam t o  

another l o c a t i o n  on t h e  d e t e c t o r  may make t h e  s igna l  ou t  o f  t h a t  d e t e c t o r  i nc rease  o r  

decrease, depending on how t h e  average response of t he  ill uminated d e t e c t o r  area 

changes. Thus, t h e  same i n p u t  radiance may g i v e  many d i f f e r e n t  ou tpu ts  i f  t h e  beam 

,naves on a d e t e c t o r  having non-uniform s p a t i a l  response. 

very  c r i t i c a l  t o  HALOE, s ince  the  response f rom two d e t e c t o r s  i s  d i f f e r e n c e d  t o  

de termine t h e  s i g n a l  ( n o d u l a t i o n ) ,  and s l i g h t  (1 percen t )  changes i n  r e s p o n s i v i t y  can 

induce a s i g n a l  e r r o r  500 t imes grea ter  than t h e  noise. 

Beam movements c o u l d  be 

De tec to r  u n i f o r m i t y  data a re  a v a i  1 ab1 e i n  the  form o f  response versus p o s i t i o n  

across t h e  a c t i v e  area o f  each HALOE detec tor .  The da ta  i s  spaced every  24 microrne- 

t e r s  and was produced by a l a s e r  spot scan across the  de tec tor .  

d e t e c t o r  f o r  a nominal s i z e d  i n p u t  beam ( o f  d iameter 360 pm) i s  j u s t  t h e  average o f  

t h e  spot scan responses i n  t h e  area f i l l e d  by t h e  i n p u t  beam. 

The response o f  a 

S tud ies  were done moving the  beam a maximum o f  24 microns t o  t h e  l e f t ,  r i g h t ,  

above, and below d e t e c t o r  cen te r  f o r  a l l  f o u r  gas f i l t e r  channels, gas and vacuum 

paths. To study movements o f  l e s s  than 24 microns, t h e  spot scan da ta  were l i n e a r l y  

i n t e r p o l a t e d .  Fo r  s i m p l i c i t y ,  bo th  gas and vacuum beams were assumed t o  move i n  t h e  

same d i r e c t i o n s ,  and by t h e  same amount. A standard rad iance and modu la t ion  p r o f i l e  

was used as t h e  nominal response f o r  beams centered  on t h e i r  de tec tors .  To s imu la te  

t h e  e f f e c t s  of beam movement, t he  gas and vacuum path  radiances were ad jus ted  by t h e  

percentage response change from t h e  center p o s i t i o n  t o  the  new l o c a t i o n .  

were then  c a l c u l a t e d  us ing  t h e  new radiances w i t h  t h e  m u l t i p l i e r  ga in  c a l c u l a t e d  f o r  

Modu la t ions  
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the nominal cond i t i ons .  Using t h e  nominal m u l t i p l  i e r  ga in  assumes t h e  beam movements 

a re  too  f a s t  f o r  t he  Automatic Gain Control t o  account f o r .  

Below, i n  t a b l e  7, i s  a l i s t  o f  expected modu la t ion  values f o r  each HALOE gas 

f i l t e r  c o r r e l a t i o n  channel a t  20-km tangent he igh t ,  f o r  a movement o f  1 micron. The 

c e n t e r  va lue  i s  t h e  nominal modulat ion l e v e l  i n  NEM. These s t u d i e s  show t h a t  small 

(1 micron o r  l e s s )  movements can induce modu la t ion  e r r o r s  on t h e  o rde r  o f  severa l  

NEM, depending on t h e  d i r e c t i o n  o f  beam motion. The methane (CH,)' channel appears t o  

be a f f e c t e d  l e a s t  by t h e  movements. This i s  because the  two d e t e c t o r s  f o r  t h i s  chan- 

ne l  a re  more un i fo rm than t h e  o t h e r  de tec tors ,  and bo th  gas and vacuum path  d e t e c t o r  

responses change about t h e  same amount f o r  a g iven  movement. 

Th i s  s tudy  was undertaken i n  pa r t  as an e f f o r t  t o  i d e n t i f y  p o s s i b l e  sources of 

no i se  observed i n  t h e  instrument.  

Table 7 

V Signal Change f o r  1-Dm Beam Movement 

The f o l l o w i n g  i s  a l i s t  o f  modulat ions c a l c u l a t e d  f o r  a 1-pm beam movement: 

91.752 
f 

c 
117.358 87.719 + 57.398 

81 . 224 
38.386 

f 
36.327 + 48.026 + 48.498 

$. 

46.315 

34.025 
.t 

34.346 + 22.981 -+ 23.651 
c 

48.169 

NO channel 

HCR channel 

CHI, channel 

HF channel 
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The second study concerning accurate de te rm ina t ion  of t h e  HALOE modu la t ion  

s i g n a l s  was prompted by l a b o r a t o r y  measurements o f  no i se  and dea ls  w i t h  t h e  poss i -  

b i l i t y  of beam non-un i fo rm i t i es  be ing imaged on the  de tec to r .  Th is  w i l l  occur i f  the  

ins t rument  i s  n o t  p r o p e r l y  focused. In p a r t i c u l a r ,  i f  beam non-un i fo rm i t i es  e x i s t ,  

and if those u n i f o r m i t i e s  vary wi th time, then s igna l  v a r i a t i o n s  may be produced. 

The cause of  beam f l u c t u a t i o n s  would most l i k e l y  be a f l u c t u a t i n g  amount o f  water 

vapor i n  the  10-m path  between the  l abo ra to ry  r a d i a t i o n  source and the  inst rument .  

The NO channel i s  most suscep t ib le  t o  water vapor absorp t ion ,  as a 10-m unpurged p a t h  

absorbs about 14 percent.  Absorpt ion i n  the  10-m unpurged pa th  fo r  t he  o t h e r  t h r e e  

gas f i l t e r  c o r r e l a t i o n  channels i s  about 1 percent  o r  less .  Non-un i fo rmi t ies  a r i s e  

i f  the  amount o f  water v a r i e s  w i t h i n  the beam and across i t s  diameter. It should be 

po in ted  ou t  t h a t  t h e  abso lu te  absorpt ion l e v e l  i s  n o t  impor tan t  i n  producing s i g n a l  

v a r i a t i o n s  b u t  it i s  the  range of absorp t ion  over t h e  beam diameter t h a t  produces 

s igna l  v a r i a t i o n s .  I n  a d d i t i o n ,  t he  NO channel d e t e c t o r s  have the  l a r g e s t  s p a t i a l  

non -un i fo rm i t i es  o f  t he  f o u r  gas f i l ter c o r r e l a t i o n  channel d e t e c t o r  pa i r s .  Vary ing 

beam u n i f o r m i t y  on a non-uniform de tec to r  w i l l  a l so  y i e l d  modulat ion f l u c t u a t i o n s ,  

even i f  t h e  average beam i n t e n s i t y  remains constant .  

To s imu la te  beam i n t e n s i t y ,  non -un i fo rm i t i es  and t h e  r e s u l t i n g  modu la t ion  

s i g n a l s ,  t he  d e t e c t o r  spot scan data was used again. It was assumed t h a t  t h e  beam i s  

on t h e  cen te r  of  t he  d e t e c t o r  and t h a t  i t  doesn ' t  move. 

u n i f o r m l y  weighted average o f  t he  de tec tor  response over t h e  area f i l l e d  by the  beam, 

a weighted average o f  t h e  d e t e c t o r  response was ca l cu la ted ,  w i t h  the  weights  be ing  

between T~ and 1.0, where T~ represents the  lowest  t ransmi t tance  i n  t h e  10-m path  

f o r  a g iven l a b o r a t o r y  r e l a t i v e  humidity. The procedure was as f o l l o w s :  

Ins tead o f  t a k i n g  a 

For each o f  t h e  f o u r  gas f i l t e r  c o r r e l a t i o n  channels:  

1. Determine T~ f o r  va r ious  r e l a t i v e  humid i t i es .  
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Generate, us ing  a random number generator ,  a se t  o f  weight< (beam non- 

u n i f o r m i t i e s )  between T~ and 1.0. 

Ca lcu la te  t h e  weighted average o f  t he  gas f i l t e r  and vacuum path  de tec to rs .  

Th is  represents  t h e  'ba lance '  cond i t ions .  From these cond i t i ons ,  t he  r a t i o  o f  

t h e  gas and vacuum path  responses (Vvac/Vgas) represents  the  m u l t i p l i e r  ga in,  G. 

Generate another  s e t  o f  weights  between T~ and 1.0. 

C a l c u l a t e  another  se t  o f  responses f o r  bo th  the  gas f i l t e r  and vacuum p a t h  

de tec to rs .  

M u l t i p l y  t h e  gas f i l t e r  de tec to r  response from s tep  5 (above) by G and 

s u b t r a c t  t h e  vacuum path  response from step 5 (above). Th is  represents  t h e  

q u a n t i t y  GVg - V v  

M u l t i p l y  GVg - Vv by 60. (This s imu la tes  t h e  magnitude o f  A V  as the  HALOE 

i ns t rument  would ou tpu t ) .  

Convert  t h e  A V  t o  counts, between 0 and 4095 f o r  A V  between ? 5 v o l t s .  

Repeat s teps 4 through 8 t h r e e  hundred t imes t o  s imu la te  5 minutes (300 seconds) 

o f  HALOE t e lemet ry  data. 

P l o t  t h e  AV f o r  each s imu la ted  5-minute run. 

S imu la t ions  f o r  t h e  NO channel were c a r r i e d  o u t  for  

i n  t h e  numerator o f  t he  modu la t ion  equat ion.  

T~ values o f  0.85, 0.9, 

0.95, 0.98, 0.99, and 0.995. 

o f  1 percent )  c l o s e l y  s imu la ted  t h e  amount o f  no ise  c u r r e n t l y  observed i n  t h e  NO 

channel when t h e  10-m path  i s  purged w i t h  d r y  n i t rogen .  

t o  have a maximum 1-percent r e l a t i v e  h i m i d i t y .  

pa th  with one percent  r e l a t i v e  humid i ty  has one percent  absorp t ion .  

decreased, t h e  va lues o f  A V  increased. 

The case f o r  T~ = 0.99 (i.e., an i n t e n s i t y  v a r i a t i o n  

The purge pa th  i s  des igned 

Note t h a t  f o r  t he  NO channel, a 10-m 

As T~ 

The CHI,, H C a ,  and HF channels were a l l  s imu la ted  a t  T~ = 0.995, s ince  t h e  

a b s o r p t i o n  due t o  water vapor i n  a 10-m purged pa th  i s  never g rea te r  than about 
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one-ha1 f percent.  The s imulated SV s igna l  s f o r  these t h r e e  channels produced 

e r r o r s  w i t h i n  the  c u r r e n t l y  measured noise l e v e l s .  

The r e s u l t s  o f  non-un i fo rmi ty  s imu la t ions  i n d i c a t e  t h a t  t he  NO no ise  l e v e l  cou ld  

be produced by a beam w i t h  approximately one percent  n o n u n i f o r m i t i e s ,  assuming t h e  

n o n - u n i f o r m i t i e s  t o  be 100 percent imaged on t h e  de tec to r  face. However, s ince  the  

aper tu re  s top i s  in tended t o  be imaged on t h e  de tec to r  face, these non-un i fo rm i t y  

e f f e c t s  a re  probably  upper l i m i t s .  

model would produce a l a r g e r  e f f e c t .  

On t h e  o the r  hand, a l e s s  random non-un i fo rm i t y  

I n  a d d i t i o n ,  t he  abso rp t i on  v a r i a t i o n s  over  t h e  

beam a re  probably  overest imated. 

F i n a l l y ,  s ince  l a b  data taken under va r ious  c o n d i t i o n s  o f  humid i t y  show l i t t l e  

change i n  NO no ise  l e v e l s ,  beam non-un i fo rmi ty  v a r i a t i o n  i s  p robab ly  no t  t h e  source 

o f  t he  no ise  observed i n  the  NO channel. 
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I X .  Consu l ta t ion  Services 

The p r i n c i p a l  and assoc ia te  i n v e s t i g a t o r s  have a l s o  served as c o n s u l t a n t s  i n  

many o t h e r  areas o f  the  HALOE p r o j e c t ,  Both a l g o r i t h m  development and t e s t  review 

and a n a l y s i s  were involved. 

I X - 1 .  HALOE Instrument Tes t i ng  Support 

A b r i e f  d e s c r i p t i o n  o f  these tasks  f o l l o w s :  

The p a s t  y e a r  has seen a comprehensive b a t t e r y  o f  c h a r a c t e r i z a t i o n  t e s t s  

performed on t h e  HALOE instrument.  I n t e r p r e t a t i o n  o f  t h e  eventua l '  da ta  s e t  w i l l  be 

c r i t i c a l l y  dependent on t h e  instrument c h a r a c t e r i z a t i o n  determined by these t e s t s .  

Therefore,  it was necessary f o r  t h e  i n v e s t i g a t o r s  under t h i s  g r a n t  t o  be c l o s e l y  

assoc ia ted  w i t h  t h e  e v a l u a t i o n  o f  t e s t  s p e c i f i c a t i o n s ,  procedures, and r e s u l t s .  

S p e c i f i c a t i o n s  were eva lua ted  or d e r i v e d  by e s t i m a t i n g  t h e  s i g n a l  s e n s i t i v i t y  t o  

t h e  p a r t i c u l a r  ins t rument  f u n c t i o n  being c h a r a c t e r i z e d  and r e q u i r i n g  t h a t  t h e  know- 

l edge  of t h a t  f u n c t i o n  a l l o w  s igna l  modeling t o  be accura te  t o  2 p a r t s  i n  l o5  

(1 NEM). 

These e v a l u a t i o n s  were done us ing  the  HALOE s p e c t r a l  i ns t rumen t  model and/or e r r o r  

s t u d i e s  l i k e  those presented i n  appendices B and C. 

Tes t  readiness meetings were attended as c o n s u l t a n t s  f o r  h e l p  i n  de te rm in ing  i f  

t h e  t e s t  procedures would meet c h a r a c t e r i z a t i o n  requirements. 

F i n a l l y ,  t e s t  r e s u l t s  were analyzed t o  determine i f  o b j e c t i v e s  were met, bo th  i n  

O f  cons ide rab le  u t i 1  i t y  i n  t h i s  process i ns t rumen t  c h a r a c t e r i z a t i o n  and performance. 

was a p l o t t i n g  code developed by the  assoc ia te  i n v e s t i g a t o r  on t h i s  g ran t ,  f o r  t h e  

d i s p l a y  and s t a t i s t i c a l  a n a l y s i s  of the HALOE t e l e m e t r y  stream. 

Some o f  t h e  t e s t s  i n v o l v i n g  W i l l i a m  and Mary personnel p a r t i c i p a t i o n  were: 

1. F i  1 ed -o f -V i  ew C h a r a c t e r i z a t i o n  

2. Empty C e l l  B ias  

3. A V  Bias 

4. Bal ance L i n e a r i t y  
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5. Cross-Tal k ( e l e c t r i c a l  and o p t i c a l  ) 

6. F ie ld -o f -V iew Matching 

7. Dynamic Range S e t t i n g  

8. Cal i b r a t i o n  Wheel Charac te r i za t i on  

9. Command Mode 

10. Throughput Measurements 

11. Gas Response Test 

I X - 2  A1 go r i t hm Development Consul t a t i o n  

The successfu l  process ing o f  the  HALOE modulat ion channel data w i l l  r e q u i r e  

c a r e f u l  a t t e n t i o n  t o  t he  pre inverson processing o f  t h e  te lemetered data. The removal 

o f  ins t rument  e f fec ts ,  pressure r e g i s t r a t i o n ,  and s o l a r  1 imb darkening curve  measure- 

ment must be done p r e c i s e l y  and accurate ly .  

H,O channel r e t r i e v a l  s ince  H,O p r o f i l e s  a re  necessary f o r  i n t e r f e r r e n t  c o r r e c t i o n  i n  

the  modu la t ion  channels. The techniques and/or code be ing  implemented t o  per fo rm 

these f u n c t i o n s  o r i g i n a t e  from work performed by the  p r i n c i p a l  i n v e s t i g a t o r  o f  t h i s  

g ran t ,  a1 though p reda t ing  t h i s  grant. Therefore,  t h e  p r i n c i p a l  i n v e s t i g a t o r ' s  a s s i s -  

The same i s  r e q u i r e d  of t he  rad iometer  

tance t o  i n d i v i d u a l s  implement ing these f u n c t i o n s  fo r  HALOE has and w i l l  con t i nue  t o  

be a s i g n i f i c a n t  p o r t i o n  o f  t he  con t rac t  support .  
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X.  Concl us ions 

The pas t  year  has seen s i g n i f i c a n t  progress toward the  u l t i m a t e  goal o f  success- 

f u l l y  i n v e r t i n g  the  f u t u r e  HALOE data se t  t o  des i red  mix ing  r a t i o  p r o f i l e s .  

The pr imary  accomplishment has been the  d e t a i l e d  d e f i n i t i o n  o f  t h e  modu la t ion  

r e t r i e v a l  approach. Besides the  d e f i n i t i o n ,  c r i t i c a l  so f tware  modules r e q u i r e d  by 

t h e  approach a re  near ing  complet ion,  namely, t h e  L ine -by - l i ne  code and assoc ia ted  

modules f o r  f a s t  Voight f u n c t i o n  eva lua t ion ,  i n t e r p o l a t i o n ,  pa th  i n t e g r a t i o n ,  and 

1 i n e  parameter l o g i s t i c s .  

I n  a d d i t i o n ,  t h e  a p p l i c a t i o n  o f  the EGA technique t o  p roduc t i on  s igna l  s imula-  

t i o n  has been o u t l i n e d  i n  d e t a i l .  The so f tware  needed f o r  implement ing EGA i s  i n  

hand. The implementat ion procedure has been broken i n t o  steps e q u i v a l e n t  t o  broad 

band uses a l l o w i n g  complet ion o f  the  task i n  about 2 months. 

r e t r i e v a l  package should be operat ional  by e a r l y  sp r ing  o f  1987. 

A p ro to type  modu la t i on  

A second area o f  accomplishment was t h e  mathematical c h a r a c t e r i z a t i o n  o f  t h e  

major  s igna l  response e r r o r s .  Balance o f f s e t ,  A R  d r i f t ,  o p t i c a l  c r o s s - t a l  k, s o l a r -  

t o - re fe rence  c r o s s - t a l  k, and reference- to-so l  a r  c r o s s - t a l  k have a1 1 been q u a n t i  f i e d  

w i t h  i n - f l i g h t  c o r r e c t i o n  procedures def ined. It should be noted, Val i d a t i o n  by t h e  

i ns t rumen t  s t a t i c  model and l a b  data ana lys i s  a re  s t i l l  needed and w i l l  be performed 

i n  t h e  coming year. 

The f i n a l  major  area o f  suppor t  was i n  c o n s u l t a t i o n  on i ns t rumen t  t e s t i n g .  Th is  

i n v o l v e d  many hours o f  meetings as well as t e s t  r e s u l t  analyses. 

The coming year  should see t h e  successful so f tware  complet ion,  t e s t i n g ,  and 

documentat ion o f  t he  modulat ion channel r e t r i e v a l  a lgor i thm.  

C o n s u l t a t i o n  support  i n  the  areas  o f  ins t rument  t e s t i n g  and HALOE system s o f t -  

ware w i l l  con t inue as before.  
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Appendix A 

Modulation Formulat ions 

A V  = S f T a r c ( G T  T - r p ) d v  9 1  

f '  = f T c T 2  

G' = Gr l /~*  

Equat ion A 1  becomes 

A V  = J S f ' r a ( G ' r  - 1)dv 9 

Balance equat ion i s  

AVB = S f ' ( G ' r  9 - 1)dv 

5, = 1 - T a  

c g  = 1 - Tg 

Equat ion A 2  becomes 

or 

A V  = J S f ' C G ' ( 1  - S g )  - l l d v  + / Sf'5,dv - / Sf'SaG'dv + J S f ' S a G ' E  9 dv 

Since 

J S f ' C G ' ( 1  - E g )  - l l d v  = A V g  

we have 

A V  = A V g  + J Sf'Eadv - J Sf'EaG'dv + J S f ' c  a 9  5 G'dv 

f o r  ill u s t r a t i v e  purposes note t h a t  i f  

G' = constant  = 3 
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which i s  l i k e l y  a good approx imat ion,  then 

D e f i n i n g  

Vvo = Vacuum path  measured s igna l  exoatmospher ical  l y  

VvI = Vacuum path measured s igna l  v iewing th rough ,  atmosphere 

Then equat ion  A4 becomes 

A V  = AVvg - (F - 1)(Vvo - V V I )  + F J S f ' c  5 dv 
a g  

Modulat ion i s  normal ly  de f i ned  fo r  the HALOE exper iment as:  

M = A V / V V O  

From t h e  balance equat ion  we see that  fo r  A V ~  = 0 (as w i t h  HALOE) 

7: = py+ s T v -  = 

Equat ion A5 can be seen t o  be 

where 

.;.b = average wide band t ransmiss ion,  or T~ as weighted by S f ' l l S f ' d v  

-?g = average gas f i l t e r  t ransmiss ion as weighted by S f ' ( 1  - T g ) / J S f ' ( l  - 'I )dv 

a .  

a 9 

This  p o i n t s  ou t  t h a t  t he  HALOE s igna l  i s  p r o p o r t i o n a l  t o  the  d i f f e r e n c e  between t h e  

average abso rp t i on  over t h e  gas path f i l t e r  def ined by 

d e f i n e d  by f ' .  

f ' c g  and t h e  broad f i l t e r  
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D e f i n i t i o n  o f  terms i n  t h i s  appendix no t  p r e v i o u s l y  de f i ned  

f = broad band spec t ra l  f i l t e r  

= atmospheric t ransmiss ion  'a 

T = a t t e n u a t i o n  common t o  bo th  gas and vacuum paths 

'1 = a t t e n u a t i o n  unique t o  gas pa th  

r2 = a t t e n u a t i o n  unique t o  vacuum p a t h  

S = source f u n c t i o n  

G = g a i n  f a c t o r  a p p l i e d  t o  gas pa th  t o  meet balance c o n d i t i o n  

C 



Appendi:( 3 

Sol ar-to-Reference Cross-Tal k 

The e l e c t r o n i c  processing of t h e  HALOE s igna l  f r o m  a d e t a c t o r  can be motlel.zd as 

f o l l o w s  (assuming system l i n e a r i t y ) :  

V = w R F x Q  ( B 1 )  

where 

V = v o l t a g e  

o = wa t t s  on d e t e c t o r  

R = r e s p o n s i t i v i t y  o f  t he  d e t e c t o r  i n  arnps/watt 

F = convers ion  f a c t o r  o f  volts/amp 

x = e f f i c i e n c y  a t  which the  a.c. signal i s  conver ted  (demodulated) t o  a d.c. s i g n a l  

Q = a f i x e d  gain, assumed cons tan t  

F o r  s i m p l i c i t y  we can combine Q and F: assuming they a re  f i x e d .  

C = QF 

and 

The re fe rence  blackbody power on a gas channel d e t e c t o r ,  i n t e r p r e t e d  as re fe rence  

s igna l  , would g i v e  a vo l tage  o f :  

= w  R C ' rvg r g  r g x r r g  vg ( 3 3 )  

where s u b s c r i p t  r i n d i c a t e s  reference, rr i n d i c a t e s  re fe rence  i n p u t  t o  re fe rence  

s i g n a l  and g i n d i c a t e s  gas channel. L ikewise, t he  re fe rence  s igna l  due t o  s o l a r  

i n p u t  i n  t h e  gas channel would be: 

= o  R C 'srg sg sgxsrg r g  
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Let 

and 

Then 

Z V  + V  = A  C '  C' * r g  r r g  s r g  r g  r g  + XgAsg r g  

' I n  r e a l i t y  HALOE does no t  make a Vm 

t u a l l y  be e l i m i n a t e d  f rom our  formulas. 

measurement, t h e r e f o r e ,  t h i s  t e r m  w i l l  even- 
r g  

The analogous equat ion  f o r  t h e  measured reference s igna l  i n  the  vacuum p a t h  

woul d be : 

where 

= 0) (Fo r  t h e  i d e a l  ins t rument ,  xsrg - - xSrV 

For  t h i s  development we w i l l  assume no re fe rence - to -so la r  c r o s s - t a l  k; i .e . ,  xrsg - - 

= 0. This  g ives  t h e  s o l a r  s ignal  equat ions  o f  Xrsv 

V:v z V s s v  = ASVC',, 

We now d e f i n e  f s  and fr as: 

*Superscr ip t  m i n d i c a t e s  a measured q u a n t i t y  



f 5 c '  c;g 

sv  
r i  

f Z C '  
rv 

a1 so 

z A C '  = Vrrg 

V,, E ArVC;, - - v r r v  
v r 9  r g  r g  

It can then be shown t h a t  

In o r d e r  t o  s i m p l i f y  t h e  a lgebra  we w i l l  make t h e  f o l l o w i n g  d e f i n i t i o n s :  

(BlOa) 

( B l o b )  

(B12a) 

(B12b) 

Des igna t ing  a balance c o n d i t i o n  by subsc r ip t  o equat ion  B11 a t  balance would be: 

= vrgo - v rvo  + i v ( I C g o  - v" svo ) (613)  

A t  some l a t e r  t ime  the  measured s o l a r  s i g n a l s  change w h i l e  A R ~  

a p p l y i n g  a ga in  we w i l l  c a l l  G t o  the gas channel s i g n a l  

i s  h e l d  cons tan t  by  

W 4 )  m m 
AR" = aRo = G V ~ ~ ~  - vrv0 + i V ( ~ v s g  - v'$ 
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i s  a cons tan t  v o l t a g e  w h i l e  
rgo  sg 

Vm i s  a changing measurement t h a t  Note t h a t  V 

i nc ludes  bo th  G and atmospher ic e f fec ts ;  i.e., Vm = GA C '  S u b t r a c t i n g  equat ion  

814 from 813 and s o l v i n g  f o r  G g ives:  
sg sg sg' 

G = CVrgo + i v ( c v  - c v o )  + i v I ( f g 0  - Tg) l /v,go (815)  

The e r r o r  i n  modu la t ion  6M i s  t h e  d i f f e r e n c e  between measured modu la t ion  l e s s  modu- 

l a t i o n  f o r  G = 1. Reinember, G i s  i m p l i c i t l y  con ta ined i n  v;g 

Def i n i ng 

e = I - 1  

and assuming Mm = Mm a t  balance, equat ion 817 becomes 0 

6 M  = - V ~ g ) / V ~ v o  - Mm + M:] 

(B17a) 

(B17b) 

A 

To determine t h e  magnitude o f  t h i s  e r ro r ,  x V ,  e and G must be measured o r  

c a l  c u l  ated. 

I n  t h e  l a b ,  a c r o s s - t a l k  va lue X; i s  measured by ba lanc ing  t h e  ins t rument  

w h i l e  v iewing  a l a b o r a t o r y  b lack  body and reco rd ing  a measurement f o r  

i n p u t  i s  then shu t te red -o f f  causing the Tvo which i s  recorded. X; i s  then 

de f i ned  as: 

V y v Q .  The 
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f rom equat ion  813, t h i s  can be seen t o  be 

S u b s t i t u t i n g  820 i n t o  818 g i ves  

Def in ing  ~g qg/cgo and s e t t i n g  Vrvo / (GV ) = 1, equat ion  B21 becomes rgo  

Two tasks  remain be fo re  823 can be used. The v a l i d i t y  o f  822 must be es tab-  

l i s h e d  ( t h i s  w i l l  be done l a t e r )  and e must be determined f o r  each channel. e can 

be found d i r e c t l y  i f  one scans o f f  the Sun a f t e r  balance, d w e l l i n g  on deep space 

u n t i l  t h e  AGC (automat ic  g a i n  c o n t r o l )  d r i v e s  AR back t o  AR, by app ly ing  an 

a d d i t i o n a l  ga in  o f  G. From equat ion 813 we would have, o f f  t h e  Sun: 
A 

A 

A R ~  = - vrvo = A R ~  (824) 

1 

M u l t i p l y i n g  equat ion  813 by G, subs t rac t i ng  i t  from 824, and s o l v i n g  f o r  I g i v e s  

Since 



P /vm = 1 / ( 1  + q) ". 1 - q svo sgo 
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and from B20 

- 

825 goes t o :  

A 

From t h e  AGC t e l e m e t r y  one can determine 

mine x;. 

G w h i l e  equa t ion  B19 can be used t o  d e t e r -  

Note (^G - l ) / k  = AG i ncu r red  from on t o  o f f  t h e  Sun. 

One should no te  from equat ions B12a and B20 t h a t  

X v  ' = x v C' r v  svo /(C;vVrvo) (827 1 

lL:- t f l  (o the r  parameters s tay  ni?arly con- 11115 S ~ W S  t h a t  t h e  c r o s s - t a l k  va lue  = 

s t a n t  rega rd less  o f  i n p u t ) .  Th is  means t h a t  t h e  o r b i t a l  c r o s s - t a l k  e f f e c t  w i l l  be 

l a r g e r  than exper ienced i n  t h e  lab. A lso  no te  t h a t  

svo 

o r  from B8a th rough Blob 

A A  Xg'rrgo rvo sgo 

XvVrrvoArgoAsvo 
I =  

From B29 we see t h a t  I i s  constant,  so we w i l l  f i n d  a r e l a t i o n  f o r  a p e r f e c t l y  

balanced system (i.e., Mo = 0 and AR: = 0). 

819 t h a t :  

One can show from equat ions  813 and 
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f o r  u; << 1 and xg = xV,  then 

I Xi(6000) I 

xv (6000) e 

NO .5650 -5714 .011 .0003 3.41 .OOl 

1.272 1 2187 -. 042 ,0024 4.13 ,010 
HCa .7695' .0028 4.17 .012 -.027 
CH4 

HF 7855 . 7676 - e 0 2 3  .9943 5.31 .023 

Channel Asvo/Asgo Arvo/Argo xv  ( 2680) xv (2680) 

*7485 (-. 040) 

? 4 

I -  ArvoAsgo 

ArgoAsvo 

when t h e  system i s  balanced. 

t o  re fe rence and s o l a r  wat ts  on the  de tec tors .  These r a t i o s  can be ob ta ined d i r e c t l y  

from Bob Spiers  throughput  measurements and a re  inc luded i n  Table 61. 

assumption o f  xg '=  xv i s  no t  r e l i a b l e  and, t h e r e f o r e ,  I should be determined by 

d w e l l i n g  o f f  t h e  Sun. 

The A ' s  a re  amps ou t  o f  t he  de tec to rs  a t  balance due 

Note t h a t  t h e  

TABLE 61.- CROSS-TALK PARAMETER ESTIMATES 

values were measured i n  t h e  lab.  The x;(6000) va lue  i s  t h e  The x;(2680) 
p r e d i c t e d  l e v e l  o f  c r o s s - t a l k  t h a t  w i l l  be encountered i n  o r b i t .  It i s  a l s o  e s t i -  

mated t h a t  e f o r  t h e  HCa channel w i l l  change from l a b  est imates due t o  the  d i f f e r -  

ence i n  t h e  s o l a r  and l a b  Planck curves as weighted over t h e  gas c e l l .  The s o l a r  

va lue  i s  enclosed i n  parentheses. Other channels a re  p r e d i c t e d  t o  i n c u r  l i t t l e  

change . 
One f i n a l  task  i s  t o  show the  va l i d i t y  o f  622. This  i s  done by f i r s t  obse rv ing  

t h a t  equat ion  B14 i s  



or from B20 

A R~ 1 - X" 'M" + X l r T g  + - Gvrgo 
"rvo "rvo 
- =  

Using values i n  Table 2, Table B1, and a balance w i t h i n  AR range o f  1/60 o f  

"rvo 

1 < Xl(eTg - fP) + - ARm < .016' Gvrgo 

v rvo  'rvo 
- -  

Th is  proves t h a t  

-PI Gvrgo "rvo 
" rvo Gv,,, 

and t h a t  t h e  e r r o r  i n  6 M  due t o  t h i s  assumption i s  l e s s  than 1.6 percent  o f  6M. 

Since t h i s  appendix was w r i t t e n ,  it has been determined t h a t  X; can be q u i t e  

d i f f e r e n t  f o r  t h e  AR demodulat ion. Th is  negates t h e  use o f  B19 f o r  t he  determina-  

t i o n  of x;. However, x;e can be determined by t he  use o f  826 s ince  from 626 

For a ba lance near zero, t h e  c o r r e c t i o n  equat ion  623 can be approximated by 

6~ = x i e r g ( 1  - 9) 



I n  a d d i t i o n ,  

e, 633 can be 

f equat 

used t o  
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on 630 i s  used i n  c o n j u n c t i o n  w i t h  th roughput  measurement o f  

i n f e r  X' v. However, i t  i s  hoped t h a t  B34 w i l l  be an adequate 

c o r r e c t i o n ,  which w i l l  be t h e  case if c r o s s - t a l k  does n o t  i nc rease  d r a m a t i c a l l y  f rom 

l a b  l e v e l s .  

For t h e  s t a t i c  case, these c o r r e c t i o n s  have been v e r i f i e d  w i t h  t h e  s t a t i c  model, 

b u t  under t h e  assumption t h a t  t he  A R  and R c r o s s - t a l k  mechanisms are  i d e n t i c a l .  

The dynamic case w i l l  cause a g rea te r  e f f e c t .  Since t h e  ga in  change, when i n p u t  i s  

blocked, i s  G - 1 = x;e, t h e  e r r o r  i n  g a i n  a t  s u n r i s e  w i l l  be x 'e .  

angles, t h e  complete event may be only one o r  two AGC t i m e  cons tan ts  long,  p r e v e n t i n g  

t h e  g a i n  f rom r e t u r n i n g  t o  balance cond i t ions .  From Table 61, we see t h a t  t h i s  can 

However, t h e  X; va lues  

A 

For low b e t a  

- be on t h e  o rde r  o f  a 20 NEM e r r o r ,  from l a b  measurements. 

a re  c u r r e n t l y  l a r g e r  than l i s t e d  i n  Table B1 due t o  t h e  AR versus R demodulat ion 

d i f f e r e n c e s  as mentioned above. It i s  hoped t h a t  s e t t i n g  t h e  demodulat ion phase by 

ve c ross-  

be as 

g i b l e .  

m i n i m i z i n g  AAGC change, when i n p u t  i s  shu t te red ,  w i l l  improve t h e  e f f e c t  

t a l k .  I n  any case, a t ime  dependent c o r r e c t i o n  w i l l  be needed. Th is  may 

s imp le  as a d i r e c t  use o f  t h e  AAGC, if o t h e r  g a i n  change causes a re  negl 
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Appendix C 

Reference- t o - Sol a r Cross - Ta 1 k 

I n  o rde r  t o  f o l l o w  t h i s  ana lys is ,  a thorough review of Appendix B i s  requ i red .  

Equat ions analogous t o  83 through B56 would be: 

vssg = WsgRsgXssgCsg 

V r s g  = 'rgRrgXrsgCsg 

csg - xssvcsg 

'g = xrsg/xssg 

'v = xrsv/Xssv 

1 ,  

The equat ions analogous t o  B6 and 87 would be: 

Equat ion B l l  and 812 e q u i v a l e n t s  would be: 

P I  v c 

A 

y = y C '  / C l  
V v sv sv 

D e f i n i n g  

Equat ion  C7 becomes 
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I f  J i s  very  n e a r l y  1 and d E J - 1, a t  balance 

A 

m -  AVO - Vsgo - Vsvo + Y v C ( l  + d)Vrgo - Vrvol 

Now d e f i n e  H such t h a t  

AP 0 = HVsgo - V,,, 

H 

H = 1 + Z/Vsgo 

S u b t r a c t i n g  C11 from C10 and s o l v i n g  f o r  

where 

A 

- v  1 
rgo r v o  

z = y [(l + d)V 
V 

The measured modul a t  i o n  w i t h o u t  c ross- ta l  k would be 

M = C(1 + z/vsgo)vsg - vsvl/vs,, 

@ = ( V s g  - vsv + Z)/v;,, 

Measured modu la t ion  w i t h  c r o s s - t a l  k: 

The l a b  measured c r o s s - t a l  k y; i s :  

m 
y; = (vs"o - vsv,)~vsvo 

C15 can be w r i t t e n  as: 

The e r r o r  i n  modu la t ion  i s  (C17 - C14): 

6M = t? - M = Z ( l  - Vsg/Vsgo)/Vsvo - y;Mm 
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D e f i n i n g  T 9 = V s g / V s y o 9  C 1 8  becomes 

A 

Since y; = Y ~ V ~ ~ ~ / V ~ ~ ~  equat ion C 1 9  becomes 

'rgo - 'rvo +-) dVrgo - P] 6M = y i [  (1 - T ~ ) (  
'rvo "rvo 

From equat ions  B13 and 820, one can show t h a t  

Vm svo 'rgo "rvo = x ' V  + m = x;e 

" r v a  'SVO 

and , t h e r e f o r e  

From Table B1, it i s  apparent t h a t  C20 can be approximated by 

Observe from d e f i n i t i o n s  o f  J and I t h a t  i f  xg = x,; yg = yv;  J = 1 and I = 1, 

then d = -e. 

Table C1 shows y,ll values f o r  each channel , both  l a b  and es t ima ted  o r b i t a l  

l e v e l s .  The d values a r e  s imp ly  the nega t i ve  e va lues  from Table B1. 



TABLE C1. - REFERENCE + SOLAR CROSS-TALK 

Channel 

NO 

CH4 

HCa 

HF 

y;I 2680 K 

-a003 

.002 

.002 

.0025 

y i  6000 I( 

- -0088 

.0005 

.0003 

.0005 

d 6000 K 

-.011 

.042 

.040 

.023 

Note t h a t  y; f o r  NO i s  negative. Th is  i s  n o t  unexpected. Demodulation phase 

e r r o r s  can cause nega t i ve  s igna ls .  Also note  t h a t  y; i s  i n v e r s e l y  p r o p o r t i o n a l  t o  

i n p u t  rad iance l e v e l s .  

I n  o r d e r  t o  f i n d  d o p e r a t i o n a l l y ,  use t h e  f o l l o w i n g  development. A t  ba lance:  

- m = v  + yvjJV - V r v o j  iC23) Avo - vsgo - vsvo sgo - vsvo r 3 o  

A R ~  = P r g  - vm r v  = - vrvo = A R ~  (C25) 

A 

where 

h o l d  A R  = A R ~ .  

Gm i s  t h e  same ga in  descr ibed i n  Appendix B, t h a t  which inust be a p p l i e d  t o  

From t h e  d e f i n i t i o n  o f  y; 



frmi C25 

S u b s t i t u t i n g  C27 i n t o  C24: 

.4 

AV' ' (0f f  Sun) = y V I J ( ~ R o  + vrv0) - vrv0] 

From C19b and C28, making use o f  C19b 

Now making use of t h e  r e l a t i o n s h i p s  

" S " 0  - - "SVO /cy; + 1) 

and 

'rvo = Vm rvo /(x; + 1) 

We have, us ing  the  d e f i n i t i o n  o f  J 2 d + 1 

(C31a) 

(C31b) 

x + 1) d =  . . ARo(  ; 
I +  
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o f  i f the  balance i s  such t h a t  AR, i s  w i t h i n  the  d i g i t i z a t i o n  range of 1/60(V",,,, 

"d" can be approximated t o  1.6 percent by: 

f o r  expected l e v e l s  o f  A R o 3  x;, and y;; i.e., ARo/(!!vo < 1 X 

es t imates  of c ross - ta l k .  

and c u r r e n t  

= Mm(off Sun) 

YV 

o r  

A s imp le r  way, go ing d i r e c t l y  from C30 and C16 (s ince  Vsvo = svo /(y; + l m ) )  

A P ( 0 f f )  - '' [J(E + 1) - 13 Mm(of f )  = 
m - y ; + 1  'rvo 

vsvo 

Since d 2 J-1,. then 

We should p o i n t  ou t  t h a t  t h e  s implest  way o f  c o r r e c t i n g  f o r  t h i s  re fe rence - to -so la r  

c r o s s - t a l k  e r r o r  would be t o  subt rac t  t h e  

modulat ion.  Any r e s u l t i n g  balance o f f s e t  i s  t r e a t e d  acco rd ing l y .  The above 

@ ( o f f  Sun) va lue  from t h e  measured 

development i s  useful  i n  de termin ing  the  magnitude of t h e  expected modu la t ion  e r r o r  

i f  c r o s s - t a l k  i s  neglected. 
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APPENDIX  U 

aR Of f se t  E f f e c t  on Modu la t ion  

A t  bal a nce 

A R ~  = Rgo - Rvo  

where 

A R ~  = measured gas-vacuum reference s igna l  a t  balance 

= measured vacuum path reference s igna l  

= gas pa th  reference s igna l  

Rvo 

R!P 
A t  some t i m e  a f t e r  balance 

AR! -f A R ~  = G K ~ R ~ ~  - K,R,, 

where 

K, = a system response change f a c t o r  i n  t h e  gas pa th  

Kv = a system response change f a c t o r  i n  t h e  vacuum p a t h  

G = a ga in  app l i ed  t o  the  gas path s igna l  i n  an at tempt  t o  ma in ta in  

Y 

A R ~  a t  
b a l  ance Val ue. 

Using Dl and 02 t o  so lve  f o r  : 
Kg 

= (ARm + Ry)/[G(ARo + R v o ) ]  
Kg 

where 

Rm V = KvRvo (a measured q u a n t i t y )  (D3a) 

If 

be measured as: 

Kg = K, = 1, then no system response change occurs and t h e  t r u e  modu la t ion  would 

MT = (Vg - V v ) / V y o  
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= s o l a r  gas pa th  s ignal  

= s o l a r  vacuum path  s ignal  
vg 

vV 

= measured vacuum path  s igna l  a t  balance. vv; = vvo 

Assuming system changes occur,  and t h a t  t h e y  have t h e  i d e n t i c a l  mu1 t i p 1  i c a t i v e  e f f e c t  

on s o l a r  and re fe rence s igna ls ,  then the measured modu la t ion  would be (Note t h a t  

c r o s s - t a l k  i s  ignored.): 

- 

Mm = (GKgVg - KvVv)/V,, 

We would l i k e  t o  determine a c o r r e c t i o n  f a c t o r  6*M = f@ - 
q u a n t i t i e s ,  i n  o rde r  t o  c o r r e c t  t h e  measured modu la t ion  t o  

(Vg - V V )  

vvo 
6 B M = E ( " - M T = I I I " -  

Using D5 t o  so lve  for V and s u b s t i t u t i n g  D3 f o r  Kg, we have 
9 

(D5) 

MT, i n  terms o f  measured 

t r u e  modu la t ion  values. 

where 

v, = V:R,,/R; 

Now D6 becomes (us ing  D7 and D8) 

R,(M m m  vvo + V;)(AR, + R,,J - V:R~,(AR~ + R!) 
sgM = Mm - 

R;V,,(AR~ + R;) 

Cont inu ing  t h e  a lgebra w i t h  t h e  s u b s t i t u t i o n  o f  A R ~  = A R ~  - 6R (which d e f i n e s  6 R )  



Fur the r  reduc t i on  a long w i th  t h e  i d e n t i f y  

AGC e r r o r  

g ives  

I E r r o r  due t o  AR balance o f f s e t  

v m m  Rm - Rvo 
( M m  - T AR / R v )  V 6 R  (Mm t T V )  + 

'sM = (ARm + A R ~  t R: 

Since R! - Rvo i s  p a r t i a l l y  due t o  so la r - to - re fe rence  c r o s s - t a l k  it must be 

accounted fo r .  The p o r t i o n  o f  R! t h a t  i s  due t o  c r o s s - t a l k  i s  

I V  Y T R -  
"V vo 

The p o r t i o n  o f  R: - Rvo tha t  i s  due t o  c r o s s - t a l k  i s  

and D10 becomes 

V - x'R (T - 1) v m m  (@ - T AR /Rv) (010a) v vo Rm - Rvo 
V 6R (P t 2) t 

6 ~ M  = (AP t R!) AR'" + R! 

Note t h a t  the  c o r r e c t i o n  accuracy l i m i t a t i o n  f o r  balance o f f s e t  comes from 

one-ha l f  b i t  o f  R! 

accuracy (We have ignored Mm component and denominator e r r o r . )  

and Rvo. I f  Rm i s  d i g i t i z e d  0 t o  2000 then f o r  1 NEM 
V 
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I f  T' = 0.5, we must have 

7 llRm > 0.08 
R" 

V 

be fo re  a 1 NEM e r r o r  e f f e c t  i s  incurred.  

It i s  use fu l  t o  show what happens i f  system response changes do n o t  a f f t e c t  bo th  

To do t h i s ,  we assume t h a t  t h e r e  occurs a s o l a r  and re fe rence s i g n a l s  i d e n t i c a l l y .  

system response t h a t  a f f e c t s  on l y  the re fe rence s igna l  ; i.e., 02 becomes 

A R ~ I  = GK;R~, - K;R,~ ( O i l )  

Mm' = (GVg - v") /vvo 

I n  t h i s  case V = and Vv = Vm g g  V 

6M' = Ef"' - MT = M"' - ( V g  - Vv)/Vv, 

Using t h e  same a lgebra as before:  

6M'  = (G - l ) (Mm'  + T') (D14) 

I n  t h i s  case G should be monitored us ing  the  AGC data. From D 1 1  and t h e  

balance equat ion,  D1, i t  can be shown 

G =  

t h a t  

AR"' + K ~ ~ R ~ ~  
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O r ,  i f  A R ~  = A R ~  = o 

G i s  t h e  r a t i o  o f  t h e  changes i n  system response f o r  vacuum and gas re fe rence 

s igna l ,  bu t  on l y  when t h e  s o l a r  s igna l  responses are  unchanged. 

A more general d e s c r i p t i o n  (a l though no t  y e t  adequate ly  developed) i s  as 

fo l l ows .  Le t  t he  va r ious  response change f a c t o r s  be: 

= s o l a r  gas 

= s o l a r  vacuum 

= re fe rence gas 

Kg s 

Kv s 

Kg r 
K,, = re ferer lce vacuum 

Then 

K = K  
9 gs 

Kv = Kvs 

K,, = K,K,i 

o r  

Kg '  = K /K  

K,' = K /K 
g r  

v r  vs 

(D17a) 

(D17b) 

(D18a ) 

(D18b) 

I f  a l l  f o u r  i n d i v i d u a l  response change f a c t o r s  were known, then D14 cou ld  be used t o  

c a l c u l a t e  a new Mm = Mml - 6M' 
R!'/Kg' cou ld  be ca l cu la ted .  Then the new A R ~ ,  p, and Rm V cou ld  be used i n  D10 

f o r  a f u r t h e r  c o r r e c t i o n  t o  t h e  modulat ion MT = lp - 6BM. However, i t  i s  u n l i k e l y  

t h a t  these four  response f a c t o r s  could be q u a n t i f i e d .  

us ing G ob ta ined from D15 o r  D16. A new R t  = 

Besides, t h e  on ly  l i k e l y  
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mechanism f o r  causing ' abd K v '  t o  be o the r  than u n i t y  i s  independent s o l a r  

s o l a r  and re fe rence beam movement on t h e  de tec to rs  d u r i n g  an event. I n  a d d i t i o n ,  i f  
Kg 

= K g ' ,  then  from D15 we see t h a t  G would be u n i t y  and D14 would g i v e  6M' = 0. Kv ' 
Therefore,  equat ion  D10 should be s u f f i c i e n t  f o r  c o r r e c t i o n s  due t o  i ns t rumen t  

response changes. 

One f i n a l  note. It c o u l d  a l s o  be t h e o r i z e d  t h a t  response changes may occur  f o r  

o n l y  t h e  s o l a r  s igna l .  Since t h i s  would e x h i b i t  no change i n  AGC; i t  would be d i f f i -  

c u l t ,  i f  no t  impossib le ,  t o  detect--much l e s s  q u a n t i f y .  

and D14 cou ld  be used t o  make t h e  c o r r e c t i o n  i f  t h e  response f a c t o r s  were known. Of 

However, equat ions  D18, 016, 

course, i n  t h i s  case, equat ion  D10 would n o t  app ly  s ince  no ga in  change occurs. If 

these changes were determined t o  be a f u n c t i o n  o f  t ime from a c q u i s i t i o n ,  c o r r e c t i o n  

equat ions migh t  be deduced from ana lyz ing  the  data o f  l o n g  d u r a t i o n  exoatmospher ic 

t r a c k i n g  events. This  idea w i l l  be pursued. 


