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:5C-s:ifari 015 -1.’ith - :‘,‘:sIlcf I., - p , -~~L ‘,- ,‘S,V ’’l: ‘ si - U - cvi: ;‘j ’ e t r(”  ‘ 0 ’  1’
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(7)  s I  iLS1 ~ 01 . ’ a 5 . ’ s’s: rS ich a : ’ -o sr i t . ;  5 ’ 5’ - ‘ ., [u ; i’c:t, :s ;, sJ;  :; to s i c s ’ ’ by CC, .
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~ c’° ‘ u,, t’ , .u i i l : - ,; :, ’ ’ s i t -a l. 001 000 s-a la s  I,; an I ne ’ i’tant

ne’: ’ a l i i  sir , I C r  d, . ’t i - i ’ : : . , i i i  hi t ’ t n : ’ I i , i i  (‘ c i i  15:5’ 1 in the altit cuW ’ r:sn ’I, ’ 5, ’ - :5 ‘ ‘0
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I r i l ’ ; I  1 (i c i  d t ~~it t i  i a  ; , s i d u i i . , ; ic u ts CC V t
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F l  ~~~~~‘ ‘  . A cc s’: I . ’ t l ’ i . ; c . ; u  c . ’ t s , , , EFA e” .,;t i ; :~ tt ’:,’; “ i s  the N -  i’ - ,L s i .e . t i cxs
C i ,t s , i T .  T’,sc’ ’:’- ,ur ’;’,, : , i , ’ ,, l , , : u ’ ’ - ,u i’C’ i’s , , l~ ’ and s’ ., - ,, lii. ,: 10 ini ’ ’l.sd-

e t ’ .t ’c ’c t3  ‘ I ’ t. - . ’ ‘,ri s~,. (ji ,’, - ‘~~
, : s s ’ i 2 - .  Cit e - .s ’  ‘ - - l : s I  ‘ l u

‘ C A ,  ‘
~~~~ 

C dc’ .’ ,; su2-’ . Cu . ’ “ irs-,” ’  ,iss. t i ’ ,’led ‘. 5 the s’ s , t.
si .’ ac: s : i  ,‘‘,‘c ’ ,; is~,r - i . ’ ’ ’ , l n , r U ’ ,,: ‘rv t r a i u , ; s ’ ’. -l’ ‘

‘mc ‘‘1 E’ . -~ i cc:,
to

1, !,



.1 Cs - i’ - 5” 1” t s , , :  5 ,55:’: J,- , s  ‘ o n :  es’t”:cC J -ar ’ s : c]J. i’5i ,’U~I :- L Ia C 0’.’, ,’ ‘ mS s i ’ s- S

si t  I .:ssil ‘‘V I C s . C I s :  t l s , s . ; - ’ , i s2 -u s.

It .5 ,  ‘s ’ e’l , ij iS ’S”i -1’ ‘ems , t 2- i S i S t~ u 5st i’ ,1 ,~~~ ‘o -  I lilt ,sS i’at . s is t ;,ss~, t ;.e Ei”A

12 ‘s 15!, :s sc ’J t h e ’  i’Ii’A, .,, ‘ . - ,st ius :it’. :. ; I on T ‘ si’,; s ’i nt ’,s,smily identl . - ‘2- .
t s , s2- ts . ’: K ‘ iS Icr: , ‘sinsst ie’n ol’ c:m .uostions (6) tc ‘ - ‘s’ ,;ati” . s s , ;  (1) i ‘ ‘;‘. -i’~ ’ accurate

5” -1’ t: ,e’ t , ’~iitc so of ‘:ss- s t J c UI ~L 5 s ’ C::e 1~~, relse’:aslc.s L) . s :n

.11:, . ‘ e S  1: ss 3.1 b e ’ , fc — w we’ ciii c.:ass.isi- , Cu,::  i ;~~,ssc5  c,! u .sini ” the ’ more

‘ s- : -  0 5 5 ’  T ,:JtlssIst’.’ (1,- ,; 2-A 1.12 , . 12 c-i’ l I l A .  os51) ‘ , . s  ‘:c’t sb SsI” .’ -d to usit:,~ t ic; less

ac, :- .,I’ct i e . ; S lswss ’ ,: LII , I~ = 0 for L i e  ans sl~ 2 i,5 ~~~~ 5 .51 ~: : e ni Cs , s ’a ,sl:s ;se’,

‘ ml 5 .~~tt,d,, ’ pro lii’: 2-sta ,.‘Utsss Laed 2-’ CLam . . - t a) . (Re L ’ -:i”,-s:c, : 2) 2-s a o” ‘.. -.

c . n ..-7 J”,ai’cb - 1 (51.  In .1 e t ic ,r ,  51. . ‘ re .-.‘si l’i, 5 5cr tn t ;ucs , ; - ,

s s . ;  I ‘ sn sd 1, , respective: , ;.

In a ;- ‘ o - - ~’ r ’-e e s t ly ,;:.:,, ss :j .tt , :u to 1 ) ’-s:i ’:;ssj, c- I’ -ll’rcc’o. . ; ;i’,:ssl i’i’ . ,s’ ’ s -,i’,.:: ,

(i~c s ” ’ r ’ - s ’ : ’ ’  11, Lu ss,cr .  “ ‘11. - or’; ci ’ t: . c - CI ’S- 6 .3 ~~~~ A,c’e-i’o, soso R’,,lasec j ’:. , s i u - s : ., ’aa . ”

10( 1) .5’ ‘ ,sc , s:’s s ; ,j ’ - ,5. ss  C , -  ‘.~~i : . LI’,e ‘ ,
~‘2-’~ 

.-s .I . s :rste ca,I . i’;.;i,ssti o us  Cs ’ quiet is i Ch ’it

.5 -s i ;,: s” s,.d anic’: s.5: s i c . ’ .; sss ud c - u ’ ‘5 .. u” - r ’ J  , “.‘n i t i ,  raJ..i”su e ’ : , s  i s -  i d -A ,  .,
,, 

and i. y

i’SuA 12 s’s Ii. . :5, ‘‘ i~~d L: :at, ti~ i 1”.s,u,. SSIR’ ’ ’  .S 5:als:’.,lsmt ’’d 5 - , , tSO ’cu 5C’ ‘d ‘ . ‘. - t . .  . ,i,’ :.,u”..’

c.;,: s c t .i . :.sJ..l.’,’ : I ” u t l ,  , ,o s . ; t  a;; T “ m.I . ’ ’ ; s , l .~st, ’ ’ ,h I ”,’ t i , ’,s 1) ‘5. , ’  sc , s -w s i.; ,- .;.s it is~.uJ,y

Id’ - s ,2 -  “ I  ( . ;c ’ . :  : 0,2 - 1” - 1).  , ‘ - ‘ “  1, 1,5:0 0 ts . .” i i  t s .at l’csLi s i l t : ’ , ’ ,; ‘ , ::~leuJ. ,atcJ by tL~
i’I)’i’ cns - ,li ’,CD ’t , K . so ul 0 sm ) . .; . - hi , ’ e’ssJ e’nti’.s:.l’/ 1,1, aSic ’s],. l’s ., ’, i t ,  the l” ’55 , 5i J ,Zi d l  ‘1’ ,. 5’

L I , i , ;  b ’ sp ’:r Si ’ -  . 5 : 5.51 de:;.1 ‘s i - s C ’s: rss,,jiaiicc’,; ‘ “.l.,”., i.,:sC ’- -.I is ,; CD).., ;i;:’S-J .y as

j ” sd,i -an’. ’ . s csssl, s”:l;mI ’’,L I - I ’ S : ..

‘I ’ S ’’ r a t ’  n ,;I’:’,.’ ‘I b - tm in snj ; : , l  Ci :5 i s,j s s i t u ’ . ’ , ’  calisulatiosu,s is - ,’ ‘IP ’j sir ,.

its Cn’.ir i , ; .i c m l i ’ ,’ ‘ s i’ - accurat e t I , ’ tri ,:aI . i”,s l ;t t ic  i i . ;  1,, ’,’ hi’ A , ;in ’’e i i i  tOe .Lsit , ’i’ cots, .’

v ’’ n’ ’ . ic a l  radi a tive ;‘ho ton ,.hj,l’ s ’s:, ; i , - t :  is s i ’ -- ’l’ c - f , , ’  - .  12- I d A . : , ‘~~is1 EFA 12 a 12

r” m ’s i: t s , ’”’ ’ ’c I ’ ’ula t,S’ , ;i , ; Cs ;aL a ’ -  di: ; ‘ a s ; , ;  in R ’ s ” - r ’ s . ’ ’ . L i. e m . - .- , - s , ’ ’i’:ct ’ ’d I ’ m 2-~.’

1’. ’ .;‘ ‘ ‘ - 1 ’ ‘ ‘ : ;  l,:tl “i,i so it ’ : ’ t h a t  C lii’ CIII . s~ : m s  s O ii Yj ’ macil as s c ’  :‘aleuia t i c 555

t I C  , ‘s ’ ’ . t O -  s~tiul1y , ‘ - u ;,:’ ’ ’ 5 !



.7 Lio2 -Ssss ,” - .; if t i s  e , : ’sd: Bands

Ir s ,3 , :isSii c fl  2 . C ci civ ’’ ‘:10 .s: , c-soud that ;‘ie,s lect of t s u e ’  WCS5rS CC- . ~ ,.,
i”, ’s’.:It .; i s t  ‘ s lcr~~e ‘i~i~:r  in t l , c  ec ’ sonc ut -.sd 1 I~, i” - lu,ass s st ier s  ti :’.: T ( i )  i su hc s,c

s~1t1iej ’J’: l’ ’ eiss’ss .; ‘.5 lb - :  . S I t” ’ irs 5!Icet2-.ca 52.7 Wc will, sic :; .; c, s: , ’ . - ‘SsJ. ’:s.S l’m ’,. .: nal

; .,CCs 2- 2 .L1’c ssr’ss ’s -  L ‘s t  ,Lar. Icc ,,srcr,; irs La ’, ; cou~~utc’d l’ssdi 5ic ’n ;: reo L’il’ ’ ,s sr~ll

52- . ; :  , .‘ - ‘ .ul’ at  ice ’s ’  altitude’.; if the woods bands are nedlected.

“Ic, .~~ c ’.” C’ ,’: 1-i. .51 IS.’:. ~f lj t5u  rail isisic: ,ss s”rc Ci le.; cai.e;c. ±aC’:d LI ! i’D)’ irs

, :s:t , :d 05511cc .; in c i  2 - 1 5 5 . ;  52 s , s . , ,  51 l’rc cii’;:; in l”i~~trc’ 2 are calculated 55 r

the ’ ‘,c: , s ’ . ’..’aL ru , I L  ti ;s .e ’ ( ;.~ ,r ’::. u5° N s :.c-d- .s1 a Ltu.e.mi .:r e)  c: u. ; ’ . t’r ’,s’ii’ ’ ,; in

51 ssr - - , : sssiu .:’- ,ui;sted 5c r  the 2~ March 1,175 : ( , :,t )  au,rorai tlepo.;it ic’tu ss :c-Jc_

( - s . t )  t i . aL  “c ‘.s . ; ’ s d h i  , cur u - r , : ’,’sic ’u ,; study (1:1)1’ and CRL0331~).  TIse ’ iri;.e;;,r —

-~ ‘:1s’. .’e”,s;; s, ’ : rs: . , ; and ‘151 appropriate 2-cr t i c: auror al ca se an’-

= €

‘ ml ’ ,J.

= 0

se , , s: , : -  “‘ us ’ c cu :s t ’ -n; : .s ~~~. for  ti c’ .‘os: l, ’i ,s’nu t f l i c l s : t  t~~n s ’~ cal5”.slsstion :sI ”c , I i V c .s l i  b~

~~~~ ~~Ih I , (1h jL 5h j )
~~l + is~~J.~] ( a)

Ti,~,’ ‘ .1 i’.st C’ rI ’. c c ,  the ’ s’i is.t :, sssid 2-dc. ’ (R I-I.,i)  o f ’  equation (“
~~ T~ , :.sem:e ’.u it  .5 5c m

:2-, ;- is tion c - I ’ t a r t s  .; 2 . 5 , ’ , ’ ‘.-lsui tt ’:d I ’i’e’l;, stj , t i tud,e’ 12- , pacl~’ s l~’ )  , t i . , ’ Cud

t,’:rs s- on C u e  1Q11) of ’ 
‘ ‘  t’ ,,;s tj e t s  ( ~~~ ‘I’ , ,‘sc :ecc s.i,’i t , ;  ‘c - i s  Ls,er ;s :s,L collis.ic ’ :s sml , c ’ xc ,s i t ’ s —

‘ Cc
i c r  ni to ( ~ ) i  CO (. j ’v ) ~u,ncc r I — ,- i jo,l ,j.lti,.u I a

‘5 1~ ,- ‘ Cc
s ,cseSs.ra ’:j 2- la st by IlLS.u’S ’l l u , ’ L i : ’ ’  approximation = ‘

~~~ 

. ‘iii ’.: csaleu,L a t t ,  i i  c i ’

1.; d,i ,scu .sssed s. c - n ’ ’ I , : : , ri cs: S 1;,’ in our pa~c’r ( 1’ ‘ len ’  ‘t Ic ’ ’ 7)

C:-liisiona l ex c i t at , i c,ru  of ’ N,’, is r c ’s s j io tu s i l ’l ’.’ I c r  C , , sw, l - i , ‘;i t  5 , 1 , ‘ s . t  C is: , ’, ’

ism J , cs c ’ 0-n T~1
( cs .) w1.i c ’ts sir , ’ l ivers  by ~~~ KJ , patlc ; ; t ‘2- and ‘ - I LL)

2- 
i’s
~ , / [~ , j .

s - c r  t :.’c ;wsh.j , ’nt xi ii~1it time calculation wi tci’scs d/ it  ‘151 =0 = ~l/ ,it  
~~
. .
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. r I h : ’ .

26 .f’ tr ’ c ’ L  1, 1(51 d, ’~
,c s i  ,O’ , r ,  model € q( z , t )  ‘ m u ’ ’  ,; 5, ,  a’s ,

t , 5 , ( ’ : l e  sir” - . 1 , SI . and seLected B . (j=l ,2, , a~~ n) .
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1.2 - :. .; .5.i - i ’ I u i ~ C1 , cC T 20 ;scs n in tb ;e ‘ s, :, :. J ,C’~de n - ” :’ u , - - ‘C in :  n- - . ; ,  C C L , ;  1.;

- “ .r :st, - s - s  m c , ; ‘ , , ‘ s t ’ m s ,ic a C~ is Ct’. , t i, I; , . J i,erscl , r i c , ,  cs’ s ’ .Je ’I’ .-nti . , .So’ . ; ’ s C s  -n

,;‘,,Ui,5’ .5 - C .

ij .s2- :c Cs : - ,: ’ -  t /c. sets; n C  va.!.’,c - - , s C r  ~~~. one’ set ’. c’; . :’ c s :’..’~ .‘s c ’  t b , , .

5 I-Iso ’ - . - . 1 “ j ’ 5 1 ’s’o :rc-n’ m ,  t b : :: : 5 .  ‘ti’ so ’S Tsr qc1’iau~n 5 ’ - 0’ -1ui’:L ri sLeh ,t  Ci;::’ : ees :d lt Ic  5:

.5’ 5 ’ .::; solve’ e - 2 - S m t , . , - u : . 5  (‘ .
~) C~ - - ’. L U ~si r u  S -is: cc’rr’ - .~ : c s , , ,2 ss .;c1:.st.i ’ . c ’, . ; e5.~’ C . . t n ’ : . .

tscc, .52 the ’  I” ..:.ci:. - H , in os , ) , ‘,‘i ’ ; i  i .- : ’,nd 15115’ be ::‘ s o . ,:t c’d ’IIa

- - = , “ -c . .
~~~~

. . (c .’ ;J I ~~ -I. . I ) ~~~( , H 2 . ( , . ’) ( s )

‘a’s -

—l
2. 2 .

C C - . 
~

“ -

i ll ’ s i - n  5, ’ ,e ’ ,s’ . , s ’ ~~t .  c. !’ Li, e ’ l’:.s,s S’ . e - : -  ~~~~~~~~~~~~~~ 2 -n
C

its t ,ssc :2’ , - .‘ce’ :d . c sr : ’ - ; :u , sJ. I I ,  . u ’ -r macs d : :::, : i n  sc~~ ’ .:Lre ’ndest t ;uiri ’: I’ 1.;: t c r

:- , . t i n’ n’ .,. I : :n c : ,  I. :. C .,, ” , s l i ’ c’s rs , I ’ .’ct :‘ ,aj c r  i.,’c’ tc.-~’i’.’ i sc t l. anu 1-5 . *r rs. :_ s.5 ,~~~

in t i ,e  o r - , .;S s:,a5’s’ . I - ;’ C . j - l e  :iet Lan d 151 ,  . scn-d C- r r’,d. ss s ’:- ’ - , in ts :a ’ ’.-,’:ss. , - ’ ;L

~ ls u ’ . i’ i .5 , s - ts I ; .5C t o t  L’.t1umi it~ 55” . - t , ’ ~~~~ C f  52- P 0 - - S  I,, s:iu ~u . By itS:.f , i C tJ ,n , ’ t i , , ’ . ; -~

s’ .s~~j 5, ; ’,;’, .;’, - . ’ 5 . , :. C Cl , , ’ , st r ~- a - -c’ t’,’So: 1,:ss2-,; B, and la s r  very .;i:’nI:’Ica;is 5c r

‘0 os . IraI ’”’ . .s t , i ’ ,’lic ’e ’t irS,l it scud I~ ,‘, c  coo 5 -5 , 51  C: ‘s’c ,s ,; 1s::~~”’ ,~~.ie”,’ C,r

70 1’.;’ . 0t~ t h e ’  ui,.hc’r 5 5usd  s .o s , c e ’  C s . ’.: ,-I’: ’:_ ’ , ’ - ,s’ 01 t t i e  ,,‘csSt. , , l : ’s Ssd . s . 5: 5.ssO It
1

,

‘ :5” 2 t s . s ~~, l r i i i ’1 :a;,t  .‘ ::l’ ,.‘ 50 ,s:s , we r , ’ ’l I , ’v ’ - t ac t is : ,, s t  o f ’ L - ~t iJ ; ,~~, . , .~~

:55 :  l’s I, I : ;  s 5 s -’ssl. ,’C &: f i r  the r u ’  s , C  ,sJ’ ’ -J, s m t i t i , ’ Ci . ’, ‘.21’ V .  ‘. . _, . ,;. I’at..cts’u o,.

Cs ,  ‘ .rI-u 51n :mt ’’,: I i’s ’;: . .; 51) . s’S .cu- ;  - r i  Ill : . ;  .s ’:.S,- - C’ C t’1~~ ...~~ :~~~ 
‘s-and . ;

‘ : i s t,t r h - ’s L’ - ; ’- s ’ ’ 52- ; s i t ’i ’cs i ru t ly  t n  r :s). L I I . :,J’ - 5 ‘
~~ -



~.0 DAdA ~:‘-,‘A’ :JA ’ri ~II

51.1 15 s- I .’ ‘ais. 5!: is , ;  ‘ . 1’ I) :t”s 0L~t5ss5 s :’~~~,. ‘ , lies ’ ’ s ”

t i c  :,, dci, sPs ( , ; . sc) ‘.- ,‘ : . ic: , in .u ’, ; :er ls ‘; ci is, ; .21 ‘s::~ Cs-dj ,.,,.“ , C r t , , , ,,

52~ I-:si’c ’ , l i D  a’or’-ra j ’ : i s  c u . ’ C: ,5 up ‘ rd  ,Ir ’.- ,’s.l - s. a s u d  n-sc a’ TDT Cc caic’. .ia ;’-

: 1’ cc- : : .p ar i s rs i  ‘- s i C - , sc - si - .r c rd I ,.51 ~ .s’:;,sdC: r’~ . : I . a:, c ” -  alt i t .u ..s’ - ri’ - ~il

.jss ,os, (si C r C ’ ;  t ,) .  T ‘ s t  caiculatl . - : 5 3 a:sj ‘use - j’s’u~a a n -  55 :0 , 55 , 1:, 21 us’

Lcs~ r ’ ce si t  caic- ’: Cat,i, s - s , :; t ’r ,’ : s s  ‘n . : -  . i , , Ij ’  a;, ,I CiU~ -5151~ ar” alt’ 5,’ :s ;’r s s .  Ass ‘.‘:-‘r,~ct .

- is- . ,i . s 11 c~ J,’: cii C c ’ m s  c. in ts :e’ olj, 5r a:, -,1 : . ‘: ‘.‘; ‘ ,sr calc’:I, .at5!’ a a: ‘ ‘;‘ - “) O s: , .

2 - .’: ‘d c ’:, s - s , : , J , 5 t ’Ss :c c l ; : c ’ i;:o,’-rs,’.su us ’ C’ is J, r , ; , ; ‘‘ 5 ’ c ’i.Lr;sti ’ -scsi r sm r i t a  C , , ’

o” md .i s :t i c , i s  to .;i ’occe s , ’ . ; ’.sl’ .5 ‘0 c: ., ~, . i.; sssariii ’, ’ ,;C .s it,;’:lS’ ’ u - ,,’ the sian,,’~.i1 ;

L e S S ’ ’j ’ CIt  Cc,- Li,’: ‘.iI cie~~ 2-~ ::ss s o t - s .  1, ; ssc:,h ’ss’cd w it h  t I e ’  su - ’W’.i’ csu ± c’ciss t I r , s , , ,’

t h i s; sJ.sltud~ 
‘1” ‘ ‘s c- u .

155’ .’: s I . t C’. 55 ,e j:,wiuj, : ‘ Ss ic ] c ’  “ m r s  . ‘ !‘oussll , , l os’s it: ‘: o : c S . c:s.:c. iS. ’.: :5, W 1:lc,

.5’ 5 - ’  .2 -t i C - I s  s . . s .s ’ : l c A r  c s - 1( t . t )  L. s  s i r  :51 l I , ’ . 5 ’  . ; .;  c :ert s m i t ,  t os s :  is ; t is e ’  up i’:: ‘ 5 : , , ,Icl

u . S/i , ’:’ r ,  ‘ .s.t ,  Lt ;e i . ,::,L . :t y c C C I s c ’  t l, c ; i i s t i ’ sJ i’it cis tu  I.’,: h o  i :e’t t ’’r t : ,: sl , t: ,e ’

Ins - sd, sa. ’,i’. ’l . Is : . 5” m ’ ,s t  Wy :;:s, i n ’ m , ’ , I ; s - - Cs , ’  sc of ‘ s , ; , ; ‘ - W : , s . m O, i C m C ( 5 1 ,1’- ’st ’. :1 ’ S ’ :  52 . t i r ; s

,i’sl - n i .  ‘:u ’,x:’.uld p - 1 . 52 a t.-cs t cC ’,’l” ’.’it  Ce’ t: W i ta  on input Sc- a sos: - ‘a” ,s~~5 , in-

‘ , : - “,:1” 5C i - - t i  . 1 -5 , 5 ,2 - i  ::a,1 , - : ’cJ,;.mtj on ,  L ;, :~l i  :;,i, h t  1. : , ’  i I  t a i lu ’ .sd : t u ias ’~s C t o  :s

::c ’.:uj ” ,Lc’ C i : , - , s’ - Li ‘:ssl calculatj, u - I i , 5 ‘mccvid c ’d t i sat  Li: , :  it , stc ’( sUrsS. c : u . s  In Cs,’: :‘~ r ;s, - is

a, :;2- :i ’ rs Ca , I l /  ‘c s:~ . - ‘ s u . ; s s t s

Ni I’ ~r u i ’orsvi t .5!’’t ~ ci , ’ ’ ; ’ ,  :0 Lii,:, sss ai ’ 1 ’ ; Cc i’ , ‘6 1- ’:~~’ - ’ : l’” u ’51 cv ’-  i s ’ , ’ ss ’.2-,

1 . . c e ; s ’ -  ‘ 5’.’Jlsc i .  ‘i ’i. it; : r , 5 ’ - l’s ; . ’ t s , i ( t i  ‘ i js ~~i ”u’ :; it s  ‘ c i ’) ’  cs ’ s j c u I l I ’.’at io tus  .irs”lu,ill,;

s ’ is ~s. ’::cs .7ci~’.: ic - t i  r ‘ r , , s ’  ‘ .; 12. 151 an d l1f.  In ud,mLiCic a t i c  L i ’ ’ ‘ s - i ’ -~~; j ; u I ’ U I,. 5:, d ’ : l i ss  -

Ci t SStr ” : ’ 5 “(51 a ’s. 1, 5 1  , ;,5i.; I ‘ t i  I i i ’ S ’, l i t , ’ “I ~~t Cs ‘is I t u . S t i  2-2-i O t i S .  irs , ‘ii’ ~‘cu1’1’ r u ;

‘: 2- - mt  we s -c’.’ d’:v’ ‘ , I . s p’ -C :.i ‘ ‘‘spa l-ili Ly to , ‘, ‘t i ’ ’r:it’ ’ 5. .‘sp ’mtiit,l au ud ‘, ‘ 55, ~ ” 1 S t .I

‘ i s ’ r i~~j 5! r q s u  t so’ ‘ci ’ ‘ .1 - . ;  , t )  Ci” 0. : ‘i’ i ;;iiC :5 ’ . .5 ’  ‘ ci j c s  i t s  ci, , ’ C i i  s. c t: ;’ ‘ro iL i ” ’ u u s  ci ’ C;,, . ’

r io . ;  of t ;. , ‘ m c i i” - i s i S  ‘~~ O uS and ~+2’( 1 A ( is 51ol6 A ) , . t t , i  . ; , ; l , - t u , s . B’.’ :‘;sl l

‘.01,; isap ’ci i i i  L’~ BRIM (L1 .:i ’ r’ ‘0 itu l c u C its -cl’ .1) . It. would be a 5 . 1 5 ’ ’  l ’ui and 1” : ’

1” r u .; Ia, ‘ut , ’s ,l S .;‘ ‘ ti,, input r~sde’l i ru t ” ’ r t u s t t i t - t u  15 is the

2~4 ‘tar ’:h 1 ‘(51 , ‘v ’ , r i t  wI “ i ,  t : :t , ;  b , s , s i i  pubiisl ’ ‘ :1 0 ;,- n t l s i ’ r ’  : e ’ u l , : s , c is:; , and 5.,.’ ‘ii
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tcc . a t  ,..~~ :55 : . .~~1 r : - : c ’  a ‘ act ’  r xN -‘asis ,-” ’ .In i - ‘ sr us, s l l  C r  [tt ] i re ’’ ,; nsc t

s ’ ‘: .I’ s ij ’ ci :a ns5c ‘ - ar 1,s” . ,’ dl’r t O  .;‘asili U :i1’iV ’ , ’ S ,  i’Sicij Si ,: ” ’  , Sd !  a ” ,  it i,5 1 1 ,55’ ‘ 1” i i—

us , , rca r,’/ inc ,L .’ssisct ion: ts,s :su , ’, ’c, ’sS U U I , u s t  the absolute r;ca’i ‘ s : , , ’ U ’ ’ l ’  calibration usc,’,’ U’-

oS ’ S ’ by cc ISi s 5, ’ i’ 2 as, U1 , s .st th e data sic ’ ’ tss Dt and 1),, n-say l’s rs.’du’ .’ ’ ‘N L;i u s 15cc  Usa”

01’ - . Cc u s ,s:,,csc I , :uiU ic ’s:  sO Cii D . J. ‘ i s ’ S ’  ~~; tan . l i sa  rd t nc : c t  susie !: a poss,;i’c lu Cy Is ;

I ’ ll C in ’,ec ,i n c ’ c ’i ’.-’ ::

,~ ‘5 ’s5 :  a r ’ ’:i ss ::t c i s  of  I , i : c ”  data i y  a l’actor of’ 2 achieve ss (1) an ,‘ ,~s” ’l l , ’ s i ’s.

f i t  of’ the ,L’c t:c D
t 

sisid I , u : , ~ .ry 2’ ; ‘ , - i’ 80 ~~ 110 ,‘sncs , (1’) allows us Cc- r ed uce

to 0. 177 ‘‘r o ss/ en ; ’ s ;rc ’ ~ t ’ v ibration Un’ ; crs s ’; S ’ c , ’r i~’onc t ) h i ~ to N in ~-rd’ ’i’

U ’ ’  S i t  OiL
~I 
to 1,1, , n i l sst - t t i n -us’ du s t us  I )~~.

bc sire ; i c - t  c c  n i c ’ c ’r n i c ’ d  at ti i s ;  t i n c , c ’ t ha t  the in-ct, S c  - T / D t is not constan t

s ’ 1’ z ‘-‘ 110 hun . To ac curately compute ~3 in C I I  1 c ’ s i  c - u s  i’ ’ - i J  i ,i’ c ’ s  LI.!) as,’L’l:rs,,t,’
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c uS , c ’l I c r  th is 1 , - “s - - i ” c ’ . ire ;,rc u ’On c’, ‘l’( s)  a.; , .. 5 - 3  ~~~~~~~ ::s s i. ,, ‘~~~~ , ‘

to d .c1 sit !: thc u ! ’ c ssJ ’ ’ n i u r i 5’ S the Cc’ t a n ’ s :  ‘~~5~~ i . I S i ’  . ‘ . 5 :: ,‘s’i’sr , :51

s ’ s ‘1c r : Clii: Ui 5 e c u - id i : i - : i ” ’s i.n’i S r i  ‘c,ts’~ ,;; . . ‘cuc t ’ ’ 5 ’~~. ’ ;“ , U . .S’ ’ ‘Ss.l s S ,  uircs ,,i’.s

C r s ,s’ 100 Is ’s :. . l’ s’ l-uc a.s - cu , , ’ t i n : , U1” ’ c , I ’ ’ s : l u j  s .ili. e ts .usd tc I n s ’ :s ” -us ,;, : C s , ” :

r” ,,.-i~ sii ”as~’ s.V’, -l’ what Us ’ s r  - h i t  :1 i’ .s - 15)5) is . : ‘ ~
‘ tr sr ” ’ r i - s u , ’r ,t’st ic ri  ~,

‘ - sac

F,1,’au,s”: 1~ ;-: ‘ ‘.~:;s’si a n-sird ’, :l ~iU,’ ’ .s: ’ - ,c ’ 5 : - eric U’’:’.;’ ’rsiS- ,.i” c :

Be: ’ s” , c lo .sin : 5 “at  u. i s  ss , s s ; , ,iou i s - sail a tu c ’ u . t i ~ i s  to F ’i .n - ’.sr’s: Ic ’ .

F! ‘as’- - lu 5,” : 55 ,c-W tsrcc ,:‘ s l c :u i a t , i c ’ n i , s  5 c r  the ,sau ,i i . . ’s , t  -On’l’.”’ ; ,  cc :: s ’ - s’.- ‘a ‘ 5 ’

:-r ’s ctj . :U5cn . ;  01’ 15 5 ’ s~ - . , , ii 55 ’i ’iI t l :  !‘s , ’ ,s.,i ’j iflCe ‘s’s 5’ s I’sat , S r  I s ’ ’  - 5 ,,5.IIU 5s , ’ l i ’ s n - it

u sa . ; ’ . i~i~: ‘us Ua~ ‘ -s’ s I C c  aud It -U’ .l.ven -:c ’u u~ , c u ’:’ ’s :t  I:s ssu . e  ,s . ,c, c h ’ Us ,e

In sin-is; ,j = I t u . r c ’w ’:.  11 scni! .1,; !~cLs J . l.J uN ,.  Oh s ccl.; . s n-to .-; Lao rs’sirj’.,u s-r, :
‘I

ss ’:.-n s :r ’c ’ s’ie nt  N 5 I ss C u - ’ ,’ s,;’ , u ~ rio a:,c : I ‘ ciii :;‘cc: i” s - ,l ,l ’s’s’ . :’. in the s’s c’f’ t n , e  5 ’ . ’ . ., 1’ .- .55 -51 5.

I cc R + 0 s~ c ci , ci ta t i ons ,.,, 1 “ ,.,l ., ,,,,.c :h e  11 ‘ , 0
( ‘ 6 )  (‘~ ~~‘ni s .cu :,i s crs ’cl(:uiaUiu :i,) c s’ ‘s r  , ,  calc’, , , s , :st ed ’u , ’ ,’ ‘ s i ’uat ic-ri (i’1’) ( ‘ s itatl :.

‘salcular , ic ’ n , ) .  Rs ’ :sOnt s~ c- I’ this d ,’ r s s c s s j C s  ‘ssc.Lc’uiusti ’ u ssr” .’ incU s”scted 5 ,’; t ’ s~ ’ s d !  .1

- , : ‘, ,S ”J ,,s , ;  cc: F’s ur :. .Lc , s 5 s , - 5  I’ - , S  - .5. . ;  p .5 ’ tI ,e U ’s :S t s’. ,, C c’a,,, :’ii la’s 1’ n A ’ s  I;:ii , . 5 . ’  ,1 ty

thir dss, s’s-sd ‘sssr ’ ,-’c ’u  . .- n i F ’i, s’ur ’~ 1’- .

u ’ . ’ , r - . :- sc :ri t  ‘:c -s’ s u - i s ’  ‘ n i t  0 , - + R
i,1 i~ ~‘r- -nn ~ ’ ’ ‘ sad I ,; U; . ’ :: ’ s ’ s’ - ld ’s- s : t ,i c u s S

‘,“ - , “ -.1’cJ’’ :s:s c-i ’ ,. ‘ s ’ ’ u ’ a ’r j i  “~~L ’ ’U~~~tp~~ v ia  
~~~~~ 

l u , : ;  (11, ) “r (~~
‘).

t a t  N n - s  6o-5 i” ’ -Is’sc’. .’ c .i u~~~su ~ 60 Iss:: ii: U ! , ’ ‘ s c ’ 1 ’ ’ , ”, , s u ’ ’ s ’ sc ’-s s s ’”.ci’~ a’ to the

d’,’nsss,:cs ic  (55 cs ;c .  ‘fh~’~~~a’.i t ’ , S ’ ’ - s ’ ;~ - ’ i n  I I’S . i n i  C i ’ s  s t a t i c  ‘i’ , ; . , ; ts~ s’ ci,’’1, 5’ 55 ’~ c ‘ ‘5. 5 ’ 5 , 5

.‘w u;t .i y dssc .: Cci tsic ’ ,‘ ‘, t u s t : i c  v ’ ’ ’r: ; u. ; J,’p:uc nci c : ’  ‘sI ’ ’.’ -c Cu ; c-r i ~ , ‘s .c n’ s, L s s n . ’, :, , ’ 1’~ 5 :

, s t i ’ ( ’i i ’ “cr ,

- ‘ r- 5 ’ i i .  - ‘sr 16 w~’ l ea rn s th a t, t O ’ ’ W “~k i’ u i r i ’ .i. s 2’. ;cL” , ’ c , . s U ‘ ii t i c  - n t 5

v sU ni  n i ,us- r Cl an U s c ’  ‘ a r c - s c : ’ L-aii ’,l 0 , 5” r U1,. .’ a l t!  C u t ’ s S’ c.’ , t L i ’ r :  u s c - I ”  - ‘ssC.sc ~ : ‘

I C’~ I ; i ’ s c . i i i i  t ic, s’i’s,l I U - li~~i u t  ,Sii oU i c r ;  ‘ ‘ ‘
~~‘s’ - ’~ 1’ 17- . -

~ usi,; c : 5 1 ’ , ’ t hat

“ -n i ’s ! tj s’cn s; cii’ so lar n-i.J , ’ s n s nui t is’s scri ’ cu,5sfl~Y j r s ~s sic : wlv s. ’nl ’ -a, ‘I ‘ t . : , ’ sL  S- t i ’ s

- 1;p i s s n u . i - ’ ‘ - S t e  ‘ ‘ t , , ’ai” ’ ,s ’) rn-lid ts.s,it, U’ ~~j  ~r.:l ,s. ris C Cc s,i” -si:.s t,e:slI.l,’; ‘ ‘ c u ,  ~ S ’. :5.

L u , ’ ’  dat  c. ‘ha ’s’’ condi t , ‘ sir ; ‘ u  twi I ‘ 1. .~c I ~t’ , 1.l’s ju, ’s :s~~t I . ’ s ,  .; ‘, ‘ ‘; n i, I ~- sOu sa ~~~~

s i c  ~i.y - 
- , uus- s ~r ’’d to T ( ,: ) L i i :  i’ ,’ ,; 5 , I ’ ’ n , s ” s U s n - , ’ ’  - 1. c n’ l’ ’s.r . t .  a t  U *’~~. , i - ’’ . U  • ‘ .~~- , i’l -

rc ’ii~’r i C , ;  c r ’ s - I ’ ’ ’ :  n-s not 55 - - :. ‘ ‘ iu s i s v . -  ‘~~‘55 ’j 1., i~. s ’ ’  U’-s’ ~
.
~ c~s,L ‘i ~1’ s c U m s  ~‘1 ’ s c - his ’
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.s.,s.,L’s’ .lsu’ s t : n : Cc- t e ’ss t cta ’ t si. s- , : d’ . ’ : .c ’s ss t ’ ;it t :,ci l’ , : 5 ’ si -r - - ’i, a h’ ’ : ’  . .-i’Ic

‘ - n . j  . 5 . 51 ’  : : . u  i,- , Ccl- , O r  si’ s , ;  t ‘s 5,, s’- as ’, : 1,0 ‘;ai’i , ss ’CI’ a n - C  . s ..s , - ,i’ ‘ si ,  -

c i s c  , , , l cn , : r ’ ’ . s s ” u’ ,sc ! .i . ’ ; c ’- c ” ,i’ ,; I i i ’ s 1l , suc s ’.s,’ s’s’ l I ;, , s ’  es ti .y u . n .  H

CI::.e d’.s’n.;’sid’.’usU u s c - c t , ; Itt siss ’siss 55:~ , ’ , ,  .sI , i ’ ;~ ~‘ ‘srli i .;’ ’ ’ rc ;id.Ithn,’s

: ‘ , -; . , C , u s’ s ’ s ” U, ( - ‘ s ’ - - ’ s , ; i .L !” ,Is t ’. : ; , U i C!.

- . : . , ‘ 0 Evi d - :nu , ” !jc-i’ ~~~ ‘a . 1 fun ’s- n,  “ .11 a ’Jr , ’ls.- ,’ ,

In ‘ ,:;,‘ iii,;i ’ .:si.;lcni .; ci’ t !.c’ a’s.cU’i s’o-c’sI’;ud 1117 ‘5cr , : ’ . l , (5,  ii S u , 5’ ,L, j  -

1 - ’ ’. r sirs’ . I, ‘7 ) s an d ,  1- I s ’s” - 1 75 ‘a’ 1-sc’;,’ peirite si out t1. r:’,t . ncs’u.ii’ -P~) Ii: , alt 1 tad.

n - s  055’ , s  :s 55’ t ’c ’ai-c u,r’ .s i !l  t i : ’:,; , ,Ia;,s,i C -si t - . ss .ss ’, U’c’ ’, :,’s1-l s,In-t ”s ass s~ .‘ ‘ ,,‘ ,iS ’,,:.s sa,,t I ,  si oi ’

~~~1’ ’a’-ir tS ,, , sic’a’ CI ‘a N , , d’ ,hi u , CC 1 , .~ ~~
‘ ‘ cH I c ’:.’ . j ’: .e as :,s, :.is,’a; uS ’ ’:!: n’sct icrs a i ,

s s ’ ’ s ’ ’d’ 10. . W s - i c a s , r i ced  to hi ’ :  l . r ’ : s u c , ; : ’ ,’rr , : , .h to II tc ’ cs;c’nl , ss .i n t i ”  s’-. ’ -s ’ - ,U s .sr’. - .s sir’:

: 5 5 . ’  ‘N I , ‘ 1  .,

hat’ c .I’ ’t 11 (u u,ii .ss , Os’ s’ / “, sic’s)

2’i 1 isr c : - J .~~(’5 .‘ rn ,le, I .

~ ,s ,‘si,r li .L , c~~’i 0 . 8

25 ~ c i - 2’s’ ct’y ~~~ Upl ’ ‘C - 5 .

~~,,r . ” , I ( ,  . u c , n : l i t  iS’:0i11 ’

1: lOs” JH(’~ . , ,  r~1sL S i n s

i s :  5 5,5 5’. ‘ ‘ 5 ’ Chic ’ ’,, - “al’cs . 1’7~ ,csU ’ c Lu c i i  N On’iv’,’ni ‘ ‘ - s ’s  ‘ s~~ :,t s ,aj Un - . : ,5 ~~ ’~ ’ tt1~’
sc ’ ’ .Ls~~ni:ss s, ‘SSci’ ‘i t i c i n :  as 0 . ;  pr sr. U N ‘c r  CII  j r - in-: Cui :~ a un do’s’ to n - L C n - I1s~VC

a co’:u , . ; i s ; t c , - r i t  -n-i n c., ’ : : a , s  t n - - i  t u s .  sc . 5 . 55

s ‘ - O c i ‘ - i c e  ‘3 .11 ,;.  ‘ er — st c - i ’ , s t ’ s . ; ,  u i - ~ ‘ ‘nss ’uo: - to’ p -i’ , ;  , 1”f l ’Lb :S l’  in , - - n ’ ,h

Li’, ac s. , i  “ ‘U ’’  finnc- v ’ r i  ;
‘ “ U

, ‘ ‘ - ,a .j . ; ct ’ -uja ’ : ni v ’ ,Lve an s.O’ L ’(’i’ t to’ I ’ . — ‘ ‘ .5s ’ : c ic i m U c e  -.t; cts ’c c ’ u tiu s,s ’d

‘ l,s sr - ’’  i’ ’711 ‘ cs :d L h i ~’ ‘ .ci ’ I ’i” data c,’l.ct .a i r t ’ s d  01 , 101,1’ ’ - :  1: 7 )  I i ’’ 101s s ’ evl’k’u ’icr c’ of

Us , ’ ’ c . , ’ ” II , d r i v ’ - n i  tO. -  ~~~~~~ ‘c ’ ’ c r ,  . . ‘P ‘s’i-c ,ucd , n -c a s t ,  - n ’ sl it ’  ‘ 1 : 0 1  u ’s - ; , .

OH n -s l i ’ c~ I, i ’W d ish , - ’. ~~. i ’ ’ h ,  ‘ssc’j, 1, - u :  i . o . u - ‘ ‘ 5 u i ’ ’ Jd ~’r, i ,al1y wit : :  C h c ’ 0 4 . - I i ’  data
.Oic ,u ld  be su ’ c r ’ ’t ’ s , i I., , s n ;’ .l u -  ‘ I ’ ,r - , ’ - yr IssUe d o s - - u , , : . 1’ ir , .;t c ‘‘ - . 1 , ;‘

,ic ‘u.!:I i nd icate  the i t ’ S , : 1  c c ’ - . ; ,;  ‘c i ’ t i c ’  01c
4 

:c , 5  c s ’!, , 5- ’ uSia ’ S Liii : ’  vs . ‘ ci , - : ,  n c s i i ~i , t  l ’s ’

xp ’’’ Ucid Uc - - ‘( ‘I ’S ” - late ‘c -r example



1” 1” s’ :. , ’ ; s  .; s . ~ ‘u. s s; ssi.-s’Jd a.L, u’ s ave : : , . ; t r~s:’ ,’sr’t U ~’ct ” , s ’s ’t c -  “ ‘ ..c’st’e

N ’ aIls- U: , i , ;  is :; s’s-s,” . ’ : s u c H  c-n ,;: , ‘ . ‘cOUN Los sIc:: 1: ‘ic c, : . !  to- .“ , .s ’~ ’s’.’s’o’ sc,

‘sic , ; ’!” ass I s  u’ , . 5 : 1 :  1,: h u t .’ al t its ’,d,, ’ ci , ,” s c ’n ,i ,, s u i ’ ,, ’ c ’S ’ t he ;‘ - c ’ r ’.s ’si,at:i c u ,  O H ( i )  s n - n

‘ , scc s also ’ ci’ ‘,- in L;,~: rs’ss~, ’, 1! ‘ V

F I!_L~O ‘ : n, a Di h a I l ’ ’ ’

Or. F l ’ .. ; ’ 57 th’ss - ‘ ‘n” :, 15 .s! c,s- ’ss , :sj ’ i ,r e ,,ji ’s t,. -~ 
‘ . .~~~ s s - a l t ! ,

O ~
‘ i ’ s  u ’ r the  ‘st - !, .- ’ “ 1 ’ CIs c .U - ‘u .s ‘‘  1 ‘

~~
‘ shot “ . 5 ’ . was ’ s ‘La’u r s ” ’hs s j  s it

- ( . 01 : .0~ 5 UI .  I ist U u :~ . ;s , ; us ,  c t ’ ~ . “s~ s’~:c ’ — ; ’i . ’ ; i t 5 ,  t I c s : , : -  ‘crc the .- ‘tsr’ :e.s lsai, ’ -j . i’’i
A . 011 ‘‘s’s A

‘.1

‘fhic ’ :usrv’: A is; th e  cc ’su~. ’ c - n c n i U  n-hi s: 5:.o aU ;,’ is u , i ’  is 0!’ . ‘ssi’th .;:,Iui’: 55:5

U: ,~ raaj, csc,ii .t s i  i s , ; . Iii - scu .’ sn Los c:i -nu t - s i t , ,: ‘ -is ss u ; n - ’ t.t ioIi.. I’~ (‘a’S- St  , 55 s5 .5~ ci~tssin’,.usj

,st to , 60 (Re . ” i’ , , : : ‘ -  65) , ii~ , 5 c , - i n i c ’ , , I C s u i ,  .dcUls sns , c ’c-t s, lv to a i - ~ ~‘ Or :
5 ’ . - u - 1 ics 5’ P’s 5 , 5 ’ ’ U~ 55’s”i’ui t ,I” ’ ! s y 5 i i ’  = 90 ‘s; .

5 , 0  c ’ s ~ C-il is a ‘a ,;.;  5 c r  t~ i s ’  ( ‘ :0 ‘‘a 0 . s I ’ s  ‘ii s C’. sssr ’c-n ’s it  ~~1’ 5.! : ’,

CI ‘ . - -  r ” sj lan ’sc ’ ‘ , s - c  -s ’  u - i l ate s ’ s tO ,j , s  event . lu se vssl ’ ,, : E ,.~ = J .  N~ ‘:r ss 1
cus s .,.5 ’, .d ‘n- n i s ’~ c : 3 tL r i , ’ the OH ec u ’s ’ n i ’ : u i t .  C’ sn ’s’!.;, u ,  si Ll s ti c’ - , ,~5 , _ - :sos .j t l ’i

n’ s s i - ,s, so ’ s ;,c 5’s i ’,TIlI ~~~ d ’s a C- ’ t C ’ . -r us ’s~sri , ;  LU s ‘ , u tan ,lI ,5 :, is i01 wi ,at vaIn ’, : i’s; s:c ‘a.

‘ i’ 0 u - n  C h i c  1.0. ‘ -Ii’s’,:t, i ’ , -’ ,- ‘ s 1 ,:,~ , SC’ ’ :55 ’S’ : s:ot a.s yc’t 5 :1 t s i C i J s ’

‘tin - c f. ‘ ‘. - r .

5” ’s ”.irv ’’ A I: ; ar ; - r ” ’ .sl i s st i o f l  ;“ n, t h is scs’:r’ ’ i’aJ, ss( ’ n :5 , i ’ 0 5  - . iU lc n ,  H C ;:, : ’

S c ’ .51’ I’ISi ’ s’ !s 1 (5  . . ,5 ~ss:. ,s surl i  Li i  s’ad, i : c u , c ,us :  da ta .  h i s  ccl ’v,: s. ’~.; - ‘s-u: sn”ssCs d via

c - a r  hcNl11’i us ed -i .  C r c - l i ’ :  S u i s s i ’ ,’/ s;i” c u s i s . L u i u l  p hic- Cour iet ’:r r , : .- i  ‘ s u N  u-Is ’:’, ’ (1+27:: A) sla t s’s

‘a n i c ’ aI’ s’iple, ’ r ’ s n i : U r a t i u z i  r n ”  - jc r .’c-idod t ~ 0’ ar: ; ( i i . . :; ‘d’ s , ’ : ,: 1 ,c ) i c - n  inpu t

- or’  t :. ’ , fd(JJ ’I c , sc ‘s~- ’ : t sct Sea . IN ’ s’, ’ -  .i’s tuc  ‘ ci’ ’ - List t ’’’)  i n ,  1i5,c ! lit , ‘ S ‘sIc ’s ’,’ . l’s 05’:  data

u s ’;’ ’ h: ~ - s i :  -~~ i c ”  “: s o d  t en  sc t t ’ :n ’ .ss ’ct to ns v ia  ii , , ’ a’-,”:r nu’ csd n o d’ 1. i n ,  Rc ;l ’o’rer:c
,, ’cs 01’ .

‘ 3 . ; ’-  u I  Cisc s c - -ru e - ’ ‘N n-wid’ ‘1 nr~~y u , avC introduced an in’s . ‘u ’ ‘ . 5 5 . ‘i , , t o  i rs  tt , n-; a tt ’:sniua —

L icir i  s c i’i’cs c’t. .i c -u s  sin-ice L i ’’ ta .L ‘Ic”p i ’ -s i tia ’-rt ci.; ,,
~ tha t we d’ ‘dci i’s h i ’  : : u - n ’ ’ - .Liu s: inisu ’,’,

radar’ cOsta c - t i  u~~, ( .s) ‘ct , 7~ 
h t ’( UT ( Ho ’ ‘c ’r c : r , c .’ , . l i t)  is ; s c  ‘: sn’ ly a l ass u - ~ ‘ sn -:’ iar, ’c- r

Usa n c si’ i s ,  [‘ sr ‘nc i n, C it e . .tu , ,’ c s ’ ’  I.’ 55 : , ’ Ci’ Sc ‘t’ s u . : c  , On t O t . ’  o ”s, ‘‘I’ ’ , scss , n t h e  ,uil ’ l’c, ’r, ; s: . ’ ’ -
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5 ‘ il’ ’ ’  17. ‘ ‘ sr’ ’ ‘ ‘l~ , is c ’ n - i r ’ p’’’ ’l i mli,;s pr’ Is ci i c- n i u , c’
IL ; ?4archi 1’)(5 i’ s - i ’ .’,: ~ I L’ - s ’-c ’ r i i  I ,; i’s c t i  sin “ ‘ l u  I ’l l ’ ’ .



i~’s-lcs’ . ‘l”,o - . . : ‘ , . ; - - d ( I ~’ . . cc  ‘ ) s ’ s ~~-C~~~~~~l : u s ’
‘c s-s ,o i (  ‘

, : ‘ ¶~~ “ ‘ ‘Sci ’-

‘s .sc.l~,’ ,; ll : 5 ar - ‘i ‘ s t  s i . i i  . l~ ‘ ‘ s . ’ s ’s. ‘ i ’, - 5 ‘ ‘ c u’s
- - n’s’ ’: . , ;  . ‘ - 1’ ‘ lt ’ - c i~ i i  - l ’ s ‘,. is

‘ii n r c  d-s1 (Id ’ ’ . ’ A ” :,

_ _ _ _

C ’ (a la)  tn 
~~ ‘c

~~ 
10

_ . /0. . 1: . .

3 . 25 . 7  ‘ .5

.0 11, . ~ u.

6 . 7 B  .,-

cc 
“ .5

5 .5 , t.

1(1.25 .26 .

,i ’(
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.- i’s su ’ I - , - ‘ ‘ c ,  us Inc t~~c.’ ;- i ’ - ’ .c l u ’ , i n ~ar ,’ .Csta st ’ ’ Cs ’ ,  “sn- -f n :,p I’,’ i”:ss’ ..lt m c  nr.

- i,1 :’ :”. ’ r O , ’ ’ : ’i ’ - ’ I s L s  01’ ‘.10.-c” sc s ’,n - i . .5 ’ ’ ,;I . ,- ’ ~~ ’ s . ; s ’ o s c s L 5 5  t5: 0 s’scs1n~,’ a i d  t: ,e scua ;’n - s , !,: ’
- .~~ s’ . IXs ta  assal ,’ ,’ssi:s is; tcr -r -u l i ; s , i scar :, a t  t:.i.s 10 ,U n , t  , ilc’r ‘in:! d’’s’i~iit cs

:i 01 5.s1o: ,.,; r cs .uscrsi i u s .~ t O ’s  di i’s’ cn ,sn ccs  icc -.0 . “ 
- :d u .-~ t ; i’:  hire s ’ , ’:t ! . Cs; .

‘ ;‘ cs ; .cs su e ‘u r ic  S’ s hi ss’ ‘ 5 ’d p l c o tonu ce u.r lc,u - L i t : , . Lot i ,  sss.ca’ t i ’ s ’. d/d,s 
~-~

(
~~) = u

s I.s sld ‘c-sr at 115 iss u . A ‘;aln-s, ’ = 10 ( T j in-”nl saSh r ’: ’ ,)  s’r’n; ,s;ei i i ,  ‘ u s ’
- s ‘ ,a:’hn-  - ,‘, . I t  l .a ‘tc r s c s’:i ’,-’schio L i s i t  A cs o’ ’.slst Sic ~ t i:: ”s:s .n-ssr ‘ sr IS :

5,5
:5 ‘ a s .  ~ ..ll’ s r ’ul  n - ; : , i s ’.sS” ,sS ,i, s’: ’i,L , :sS ,i , ’ s s . ; , rwn ’~ C :s s- s “ire 3.7. A t’as,stc-r ,‘u

- 
‘ i’ : t O - i sn-st In -sn uS ’ - -an inty ,s ,it nso -uicl n’ i”s:isl,ited a’ . t ’ .at n-hi q a ‘f’s ca

“to  ~.L’,sr t a ct ’ u ’ s. i~’( could c’euscr s n - - u :  I u u c ”~~’ ’ s:s , : t c ~ £ to



.0 ~~~~~ S J ,  0 1 -

~os ,, : a’ t i ’ , ‘uss,,n ’ss c t  - ‘ n -u ’ T)rnjc ;ct ”ssss t~- d’ “icier, ‘us’s i ’s,~ :,s! .c n-. ty to n i ’ 5.n ’ .’.~’l ‘ a. .5.

t H u  this ‘ .‘s, , , t tIns: ’, ’ a ” ’ t c ’ .n d ’s n , t  ‘s Iass:  lS n - sr :s .0 , ]., -I i’ssstI . ’ c t ’s C I l  ‘ “ : 5 , 5 . - i ’s ’  ‘ :‘5.-t~~ u ...u , -ru.1 ’:,,

Jcc’ : ’c’l i ” ’ ‘.. :, U”h - . U’ , ’ n- ’ , ,t ’ c J ” .- . 1’ 1- ’,’, ’ ; s uu , ; , s t l,c’ , s - . s ’ 5u’ - , ; , ;sh,I u --a ’sal” ;ssnt c ,,, uS ’ ’,. .5, .;

t u s H  lii dcc i i ’s  -i ’ s 2 .0 s~l,’ -’, , , In s P C S ’ S ’  ru : : .u u s  ‘ ti, 1,; tail-s ‘-“ c ’  S oun d 55 : , 5 s t  lic’slsi.;ic ci c

tO’s wc.’uil: CL- ‘ i.  I -ant ’s . :  : , uc.i -:c ~,ni’ s ’ - us ’s -i. cI~I ’sct  cii t is’s t ln: , ’ . ’a”:1’’ n - s - n .’- ’  ‘ ‘ -  us isa’s

N .a InC’ ntss. ’n i i t sd , .- c ,t’ 00,,  .3 i en’ .! .s .01, - s s  I n  ti c:’ u~lt ,’s U ‘sic no ’ 51c rs ss ~ ‘0 :5

a) . ! ,; i -c ’ s  S’c:und c:u .an ’!cs 3 , ;  illu.: s u n -  5 5 :2  ‘L v  ,5 - usn s , ir inp t!~cc “sl at !:’ ..

s”., , s l , .!’ ’ n : : ” .- t i m ,’.’ T( . :)  in  whic i l :  Cli ’s s-s- C: CC , ,  v ., b an c.L . s as’ - I ’ ’ c -r o d ~t ::i.s I s  Cs’s  

:1’ ,: R1O, I ,, = 0 on j”.I, ln’.:: 1) ac l th  csal.culs:’uicss,s . ‘ :‘ - a’ i ( s )

‘ 5, ‘~,a.sIc! u U s , ’: ‘s’ s.: . C c -  ii . 1, -ants !, ; 5 ’55’ c” ac.a’us.’.i,nt ’, - n-j Scsi’ , ‘u : , ’:,s’: ‘ n -i” ’ C I s c  (Ss’5.c”, ’:S

l u s h - li. ‘~j  10 A .  ~. .  us:id i’sOi”A 12 5’, 12 cc I .;. . ‘ “s,siic .s - . 5 , , ,: 5s5 ”17. a s1c:nnls ’icani t

:‘s”cct ior: n-O tis ”,: CO . ~~.3 i~ 
,;ei ’ ij t },  l’a:LO s ,su s c : ’ : cd ,-s s , .’i~, s d at ‘c 1t itu’i’ ’t  . :  “. 30

‘ ‘ ‘I s.! oCci’s’ l u s  tnt: ’ i.’ -a,~s i 5 i 5 : - i , . i’i , ’:’s,iJ .t.s , 5 5 , 5 , SC: o r s  I , 5 ”cJ” - .: 2 ansi , 3 n u t s

. , . : , u ’ , S’ .’ ;tO’ thI s j r  I n s t .

A , s ’ ’ s, n s d t,s , s.; , ‘,;‘c,; Li u,’s ’ t:. c: L5i ’~~ 1,.s. t0,’ t ’  ntc .,.’: ’ ’r l - : u s .s.l ’ ,;, i .’.” s t : e ,ssn- ;s ’su t

: ‘ u, : i ’i ,, ’n ’u sr’,:u , , s s , u s” ’u ( ‘d i sh )  “~~‘s’ iL ic~i t , , ’.~,’ nu ’ :l . , n: ’ data n - h  ‘uais,’s d N ’ S

LI. i”ui r’s’sr:,’ l n i ’h S , .1 c’~~ral U ’ s , c lIsi ’ , u S , 1 75  .ss s , - .s 10, hs .,s’ - ’ : ,  ~~~~~

/t l , ’ C:.s’ x ’  U t  i ts’s ’ c m i  . 5  l-I s si ’c : : .  l’ ,”(3 hi s ’ s m . d  ti ’s-f1. I n  U , . ’.’ ~ iO ~.nsc

‘ s ’sN l : - : S  wa~s nc slsi ’:s’ s ’d 1’ ,’ u , ; , i n t ’ sc ’s’ inssn s’ - ’,’ . - ,l ’ hD’I’ -‘sell. ‘ ic ,.s c t !ou : ;m l  ;‘;c - .’i. l,iCy si.; .55 5: . —

p s s ; ’ .’cl to t ia’s 1 S t  I, ’ t ! . c - ,; ’ ’ - ,L’ita - sc , ’ ha d re) ’ i ’ s - - h  ; n ’ s ’,’i c , ’ u . ;l s  ( 5 . ’ I n - . i~~’ ’~l ’) n -H I ,’,’ :. t’.’Ss,s

as ’u s , i ’  - ‘~‘ eU t .,/ ssycu s l i ’ :u ’st ic ”r t  i t ’ ‘ s ‘ ‘s O c” .sl ’ st i s  ta,t i ’sm ’s i 10 ty ,Ss . iC i t  - - ‘ - : -
~~~“ ‘sd ti . ’.’ , ;U s.cH-, ;:ssrt

cu s S’ -s o . ~ j - ; ir c.d n:ic 5. 0 ,  ~n (alOf t ) Cu U : is Oh s’ers ’sulsst s .r: . h its n - s c m ’ ,,.. ‘‘5 ’  ru s t s , ,

5 ,55’s n ’~’ ‘,i ’. ’ 5  ‘ , t , . ’ ‘s,’ ‘s: . Ci , ~c , : ‘ s s s : . ~ u.n-nd thi s sa,; 5.h’.’ j  ~‘ i s c , ’ Huci  “ 5, ; ‘ u s
5.)

i, ‘tL ’,’r a. ~r’ n s a, !, . . Cl ,  C l , .  ,L’sC:c w’.,s,; ac ! , i s ”,’cd C , ’ ~~~ I cr j -r i  ‘I’ d .‘ihi’ ‘su s I l i  t y i i i

1,1 cc !‘ : C iOTt .5 ‘ . ‘ii ,.ii . . -1’ .5 ~~ ‘ IC i S ,  t h e  l i t , ;  L i . , , t s : c s  ‘s-u i” ” , 1. ‘(3 data C: ,uct

sn n-’ a ’:: . ic , sv o ’J  l y this hi’! scu d .01’fl ’~ i’usi ’ ,S l i ti , ’s  ,n-’ i’ - ,.‘ .;,; n s s i ’ ,l.I , , ‘. .l’ ’ u i t , i - ‘sd a,;

nn i ’J. ,lr, U L’s ‘‘ i_ pss c Cc i : .

‘~~~ r ’’ w c - i ” - r io sat’ s ‘ - 1 l,us , s S i ’ :! ~~ h’s’, : 1 “(6 l ’c ’n .: “ sO , ‘. n , ,  ,h r i c : ’  Chic  i ” ’ ; c , s  1,s’

.~~., ‘ isL s c :” i.l:si’ c s l ’ I ’ , ’ c . s t s ;  c - I ’  l u . , ’  W c ’ s ,u ’, CO ~~ h un - u N: ,; , i i i ,  bc ’p,in I-i.- , ; : . , - w up t~s’s~ : 0 1 ’  1u’~3 iSis: ,

r i o . ; c j ’ su i  5~ , : ’, 5 tassu.1 i.n-~’ c~i~1i . cLs  .,“ - i ’  - isV! N nt in C hit’ 5 5 , ”:~~• ‘I’D ’~ 
c ud is” s u i ’  1” : , , ±n - i ,;n-



‘sill not u ’ , uss , i u - u t  u s . s ” ss ’  dramatic effects Sins ’s : :s’;rs r’sl dc1-c’sit,i ‘ -n c ‘S’:- ii’.S 1’ 1’

- : , . IN .  sc i-s si t ’ us 1, ’,’ l , i ,L ’ :rvc . nn ’ i.n:) sstrs:c’ ,;s ‘.:cric CC’ , - ci ’ CC: , 5.3 pi:. ‘. ss , i,;,;i s.

I n .  tss e i’ci: ’i’s’u: n-c l’ s _ isis., fs s ,h. d ’:tcc s;.L ‘dc i, . ;  renders C s: n - :  -‘i’n-src-ru,cl 5.3, ~,s’ :, ., ;‘.s n it u ,  r ahiss:,

80 55’ , ‘~uIt c :‘;e;ci’~ in , .s , - ; :s J ,ssri . acs n to c , t :s ’, ,’i’ s ‘ ur n- s’ : , s OS’ CU ,., ‘ . ,0 151:. s’.u :it:.

1” s, n- , . . ’ ss: ’ e U n ’, t u lj, s a l’uIC ud ’~ ru , l’s ,. l’-!,.; ,‘sucusr ls t: , sit u’ .’.’a,ss .a’, sm c ”.n ts  01’ aul’ r ’.~ .

lC~ Ci.’ , , .: c ’n . , I ’ u ’ , i’~s’sI~iuies ’: s sr~ not a “s . : r .’ c L ’i’u’ctlve :‘sss ,” t r ’,” :i’II’- t::e .sj c ’S—

tac”..ls”s’ t ’ : ’ s’ecut .: ci’ t : , c , ’ ‘,‘:c’as: CO,., s, , L-ssnj s; tha t Cs : ’ ’ ND? t:: ’c r , ’ ;-r ’ ’ d..O’s’us ‘~rlll

.‘ ‘ ‘ ‘ .Js’ t ’cs n-r ~~“u 8 0 .u , .. a ’ ’ r D N A int ’src.’ .;t . si~ n:i:’.L’.ss.cnit ’:n’ic .si’.~ ,’ si.’ - s ’ ,sItIn -- - u: c-c’ ’ ’-.a’-;

50  01cc r ’. ‘ I - c. z a 80 ,.ss , ‘s:; the resu lt  01 hi~’sis al t,L Cu ’s’: d . C  ‘ s t ’ s  -

IL)’ e 27 Narch l’, i73 dowTlleg (60 < z < b C  dii:) dsstsi ‘555:1” Us’su:,’ni at a place

~i1serc no appreciable auroral deposit ion had cc’csirrosd in the n- s r ’.: ’i lc-us  5 ;s.lri’st’. .;

at 1. c’a.s t.  ‘4cc u~ ud tI”s TDT facility to determine that  tl ,c i S’ssas ss .c,rn -s in t hu s ’s  data

t i e  70 to ~~~~ ‘sin altitude r sut i ’c (see Fi- ’n-’s” 5 i,’sli’ , ’~r) could not ‘C ’: t ise

:i.sc -a 5” ir i ” n euu ’s ianit  of an intense 5 .3  i~~- aurora wh ic’us  su,as- s .a’,”~ been present “s ri.

t s,an :  5~, . u : . I u i u t cu s  prior Cc, downieg penetration. A similar l’eatur e was noted in

‘ ‘i’cdis ’.i n- o f I ” t c ’s II April 1975 data which were purposefully obtained, on an

:“,“sni n~ wi ’s’srs tiu ,s :r s ’ was no auroral activity. In analysis  el the,;e data we

detc : ru’ ,I;i ’.d th ,at  Ln , e rsec’b ianj sm

OH(v)  + N 2 OH(v- 1) +

I, ’ ; , r c - i . n- sn~l,’ Cs, ’ rrs , .cu ant i s ; su ,  most likely to Sc ’ ’ 1 5. 0  - n s , ; I1  .L c ’ Icr t i u c -  featur e s:’.’:dr

80 .. ss. sf1 : Ccl :  .1,; n :ot ’sd ‘ s r i  the 11 April 3. 75 InCa ‘ , , n sd.  l ’~ inl” srr s’n:ce , 5 , -n tu:e

:0 sOlar 0”’ aUs ’,:r’ ’ n :c-t ’ S i r s  t b: 27 l iar c ss -  17 3  Cc - ‘,ru~ltc ’~ data. A tetsil, vibratlcna.s

‘‘a ndy tranisl”’r 1’ ,, ~ s’iu- r s : oii(’~’) to ii , c-f ‘ c l - c  . c .:t ~~~~
‘
‘,‘( and 0 ..I, I , ‘r . ’,s / cnss’~ sec is

n’ ;‘ u r ’sd .  n il- sc L I v e ly , to c’x; ’l .a s.n L u ’ s ; ’ L ’c ’:st ’usr ’ .; Sr i  Cl i’ 11 A~ r .L l 1.7 2 1 data

arid Ic: U’ . ’’  I ‘i’ O’i sr’,: i .  1)73 d.r .-~,’n;l ’, ’s . i u iU’ c.

T} . -n - 25 i -c t  i’s’ss’s”j 1,7 2-i dat:n - si’,si ” : c - t  t a s , ; i c ’ d  in 0 , : , ’: j - r ’ssonuss ’ ’ - 0 ’ an sit . ’ L i  Vt

rn:c V r ip ‘ :- , “ -rss 5 , sir ’s siui  i d 1  pi’c s du c ’ - -i large ac.is’c’rn I - s , smn j ’  - n ’ ’ n :  ‘u , s of 5~ 3 i n - s .:en 5th

i’sid . i s i n i ’ s c s  ( i i  ) .ct ’t h L b s ’ s  in-p i c ,s , ’ s and dc ’~’n,,l , c ’

i a - u ’  c ’ V f t i U,’ , t . j  r u - s f ’  l I s t ’  d u j t ’ t  w.’ ‘i v ’ 1 - p d  s’s I ’ ssc l h i I y  u t , i i i s e  ,.‘n’ ‘ ‘ sss . l

Lascsd , ; c s a r i f l i n i ,  phctc , - ns t : tt : ’r t ’Lu ’s  ( i ii ”( X ) :s ; id  red (t .’300 A ) : t : c tn -n -  :11 -i’d~’r t’s

develop an ‘.‘n i t s n c ’sy input mode l (BRfl~!) appropriate 1’c ’ x ~ the u i i , i c ’ ’ and ,k”t~~i, i, cs,:

i c 7



I

, ‘s ’,r atic u s  ‘ : - s a l  The 0’ tstl column dcpo~ssitic ’n cI~ - i ( . : ,  I. ‘) I ,,,’ a I ,, ss c,uu:e Lln ::c

t ‘ 5 n O ,  i’ Ut:’ s - : : : , :t i ’ 5 c t i c - u i  c 1 ts .i in i ’ ’d  L ’l ’c: - ;u u the absolute magnit ’n-udu of the blue dicta

‘ su .d  the s e - s - n ,  , . in ’sat ’s  altitude dependence q( . s , t ’) is ebtaini ’sd inC -us , ta’s red to

blue r u s s - i n -’- . C x ’r :ctions for atmo .~ ’, i ,enic attenuation must be applied to Ci: , :

‘1’ - ‘.s u ccs, 5.astsd , icb :c: .to metr ic dat’s

Is: ‘s,r .a ’st I-  5, : . 5:’ - r r ’ :c c I c  u s t s j ,’ L bs ’ s  ‘ s’ ’fn - sc 1 c :c ’ns: i ,c-n ’s ’rut c i ’  -sstt ’iniussticus tnu.c , , ’ be

r~’ ‘sI sA.’ .L cs’i i.t C, - sm - Il- s .c ’s c’urss,c’’l,s . ikv ’sr t a c :l.’ .’s.s , v’s ‘nor ’s siL L’, : to .c n : , ; i , s t c u : a l l ,s

“(“dc i i t t:. the ~5pls sr 0 and di ’ - ’,’i’i.Lsc ’s 5 .~~ ~.uni aurora data set. ; on the bas is C i ’

-1.0 sin .J dc unul .cs ,’ ‘ . s ns ’s r :’ I ; ‘J’.s l cc - .;it ccistcric ’s:  q(z , t ’) constructed v ia the DRIl l

s’an-s stiity . Ti c’ aerosol corrections to the photometric data snore Las In on an

-si’; sins aF’ Icc d at s: ,c .- sp i s ’sr i ’s  ni~~del.

The ‘~s,cl . ’.isss 15 ~ ~ 20 (I - l~ / ionization) were nc :nessas’ y to S i t  both the

spIel’s and dccssiicss -I 5.~~ pm data . T i e  addition of a c c ’ nunc n -’ ruen it  of 5 .3 i~’ us radi m s :-s ’.-

due ‘ t n-s ti ’ai,sS”ss’ of vil- ra t ion i’rmu . 011(v) tc Nt. , of about 0.0’ ’ < E ,.~ 0 0.15

‘ .‘i’ , n - / e m
2 :;~ c r n- suited in a ssu c l ’s better f i t  to th e upleg data than would han ’s

: n - ,  ‘sc .’ :. i i ’s” sd for E~~, = 0. Due to rocket tipcv’cr at z = 85 i-irs on the downleg

n’s did n~ t attemp t to analyze the downieg data for z < 85 i ’Sius in Corn s ’s  of Clu e

0 11(v) “ti 5.1 ss , ’ ” : ’.sr: i s ;u: , .

In ‘-ur d,iscusniion of the 25 February ,L ) 7 1 i ‘Jrstsc , .f c  :ic ’t , .”J. sc, .;j de s ,  Inst  ‘d’s. : .

r ’s ’s’.n-rch, to ti ,c ’ i c -s ; sih il ity ~ L ’ CC , I u .8 pm erusiSsion w i th :  a .Lon~ (1 Cc- 5 n u. iu iu ts :” )

u” s s’r cc- r i , ’;e C l-ruse I - s r i ’  d and wi t h: I-~ s n -s energy the storage ns sc ’c lia ni i su ;s. To get

wI , C l- r i a t ” us- .s U’ -r c a l ’  s c ,i s-u t  10 1’ wH at  see r s : ;  to be the required magnitude ok

Cu , ”: 2.7 ~~n r sssiisi r t cs”c requires that the vibration transfer rate constant Cu r

t he ’ r ua cti, cni, ’ ;

~ b01 ’~ 
k
f ~l00~ *GO , , ‘- + N,., .
~ CO2 + N2

~020 I

,;l n -u ln-j  be 10” larger titan ft-n the reaction

Co.., (ooi) + N,, Co2 (000 ) +

~~~~~~~~~~~~-



It ,;s  ‘ -us , , ;  ur:l , i i ’:c .’l~ tb ssit  15 , , . ;u:c -u ld di ll ’s -n ~‘sisunil ’icant1y i’r c-ns : O,~~~, bs.it C : , ’’

~‘s ’ssi l ’i l i t y rniay warrant further a U C c n i t iu u ’:.

Il - rU we applied our TDT th eory for ‘ ‘ V i  I ’jj .j .i  u ,  C ,j ’ , t s ;  1 ‘ ‘s i - - N

‘1175 n-i: two’ ri-chi t ,;c:ot s , “lie into t l:c~ sunl it twi1i-~i:t at rn ic .- ,~~’}:’si”: “ssx’s. La ’s

C : , , n 1, u ,C ’ I:. ,: nj hst  tjnnc,u dark a ts :s c ’ rrr , b , ’ ‘n’ . . There nra ,; u ; cn - .;l, ‘i, , I, s’,I- ,s .cr,t :55,,5’c nc’s,

acs,,I , v ,U L ’ ’ . A cc-ns ,;,t , st ’, ’n it  eva u s t i - r u  V’s .: s ,n -,s b s I ’ - v ” ;  a:, t he’ ‘e’’ c ,. ’- i s  C t ’ ,,’ s s S r ’ ,’l 5- ,

: s , :c: , 5s5i . ’,, ,C : s .s • One I:; ti’s 0J l (v)”~ 1-I , i r : cuc : i .a f l i , ; s ’ ,. ‘3’ , cs-ts. car is CI. ’: ‘ s u . . s , l~s 0-  : -

Ci ’  0~ .3  ‘.cu ’ ,d 01.’( pm sunlight by CO 0 followed by emission sit 5.3 pm . ND’s data

ins J ,icatcj d ti sat tI c s sunlit t5riii~ k~t component of 5.3 pm rad,I, -’, s:ss: ’: due to C::’c

Oh {(s’ ) ‘s N,,  s . - - c ’ s ,’ .s’snisnr: s : s , .; t be about a i n c U s’ 3 ~~~~~ t : ,an: t , ’ s  s , .b ~~~ ‘ C’s ’ :”

s I c ,  n - -a ss . Is : sc - c s - r d ,-~U L b s  ac’c’.ap tc ’ N t I : c cs ry  L’ c:’r tI’s: d,i. ’,u~’si s .c 1 d’s’ - - u , d - .: ccc c- s’ t,~e

u- s ’  ,c.,c ’sO 5: . \“j,l’utr ,s of E,..~ = . 1’ as. J .1,s ’ - - r  I S/ n - s n , :  soc are ry -:’ - 5 r - ,- -i

u .: , cs ’ ,;‘ss~I’ it ‘said darlu cssises 1”sslciL’stively. The ‘:V’i s i c ’ I 15 n - I l ’ s ’c t  ‘,“n  ‘ u~ :‘ ‘55

‘ s O U l c  ns of ar c -Ju n - n illunusination are not - : ‘ sss n - n ’ ’ ,tr i ’ rap idly ‘sii ’s’t -  u: cur l a l  h i ’~ s.

lsc,t iU’sd ’ - t ’,’:Ilic ’i. t. to J crc -slucc ’s n- i,rs’n-a ,sit t ’ss’sil~,’ evi dent ti . s’ :’r Jc:p ’:n ’:d’.’ n ’ i 5 ~ e s ’ s ’ n - s ’ s . 5 .

1 ‘ ‘i’ : ,: ,; ,; c - ,i.ar ‘n - i , lususiriation would i’s’ss’y rapidly ‘snio ’a uI u :  to I cr:  Is’s’:,,, i’s’s:. c ’ i i’sL’ tS

in l u - u ls~ t i t s,id c, L~,’i ii~ ’s b st  or s~ is ecl ipCi u s c ” sn -li L ions .

On 15.’ idd r c} : 1975 . 5.3 n- u : , :cn -urii t }, radiance data wc’l’n - :  c l -- U-su n - - a  in us

Lni ’cs ssi si.I t t ” s .ue aurora. 1k’ used J c r ’  ‘liuninar y photometric data as input sun

IIRL- ’. :s .’ c ,-doi tc s L t s .s i i u s c ( . s .  t ’) s ’ s’ tl:’s up 1’~s ‘ and then i u n ~cut  : ( . s . ’ u ’) to t u e  TDT

- s’ s ~ Ls .c t i c : n  C c -  c - i ,  Lain:  a ;.r ’ ’J .. I r .  s,nr’ ,- pr ediction i c r  u se ’  a n-n ’ r s :L ‘ 1 . 5  ~~s s,sni it ~,

raj , ia n ic ’c ’  c c ss ,~ , c - r i c ’ n : L  u U ’ ’ ’  1, 0: i ’isn -rc b , 1 (5 ul’l” : , l  ds s t u s .  S’S ’ n- il. ;- ’ 15 ’ . d,ictc’d ts,si t

U s - rs - ‘~ i 11 ‘C c :  ,.;c,fl , ‘, s russ cc -  i 5” . , , .s C5 C i . s :  o I ’ t he oii( t.’) ~~ “ - c : ,  ‘ s u e s  ~l- s’sr;s i n :  C s in- s in- data.

H 

_ _ _ _
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2 

—. OH(v- 1) + N~ concer t k ’cr
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i-c ’ .s s,s ib le  n-un ’i d’sr this  contract without the valuable assistance of R . D. l,les,sr ,s .

All of the ’ p ’scple that we dealt with went out of their way to provide infor-

~s,ation r ’er t i r :ent  to successful performance of the contractual tasks. To name

,,Lsst a few these people included Maj . L. Dean, C. A. Blan,ss , A. T. Sta ir .

J. C. lIJiwick, ik ’d Wheeler , W . 0. Grieder , R . D. Sears. T . C. James , R. Gunton ,

7. E. Francis , D. J. Baker. 0. A. ‘War e , K. D. Baker , R . 0. Olsen , H. I”sitchell

and 5.1. J. Baron.

‘TO



W’Ii’ERl ’IlCI’IlI

1. iss’.u:’:r . J. 2 .: “ f~ is.il;,’~ i,; of 5.3 psi ICE C7J Duta , ” Air In-c r - -c C c ’ s , ; rid, ”:

i5s’ ’ .s’ss,sr n - s s , L.ai.cc -r un - tn - -i ’J ‘ s. ; Techniical Rn-sport . A,i”CRL Th” , ’t H’ , ’ ” S . 1

2. ‘-t s .cir , A. a . ,  J. C . Ul~,’Ic i . ,  K . D. Ihisur and is . J . De ” : ’s r ; “ Rn - c,’:’’t l- r rn ,e

(~ci , s t arvat ion- is  of Atnu .c .-spu enlc Infrared Emn , i , s , ai , c .s,~ l i i  t:sc’ ,‘t. si”sr’,:i, R ’ ‘ :‘ln - i s ,

‘~‘u u n - ,~~ 1,er es c-f Earth and Planets, ed. B. 0 ’ . 1-0cC, rns:.cc , I cu t , ,LI , ; r , c ’;l :7

D . Reiliel, Dorclrecht , lid ] sin -s d , lU75 .

3, l’~uiner , J. 7 . :  ‘ durnitnary Analysis of 5.3 pm dun’ rssj , Bats,, ” , “. s, ss . c - -s’n:: - -r - - u ‘

Earth and 1’la:nets, ‘I. B . 11. EcCorma c , published by D . R:,:Ia’,:l, I~srdrecnit ,

Holland. l ,I(’, ,

4. Dir c - : i s . s’ - u , , H. E . .  ‘ Met hod of Parameteni ,sat ioni  5 c r  In:’rar’.ssi Cc,-’ Ii ::, ’

c: t’..,” n - c , cn Alt it ’sci’ss of 30 and 70 ki lc-rnietcrs , ” J . n-5. ’sfl’I , / ’55 Ecs , ~~~~~~. 55’ 1,

‘73.

5. l”scClntct ,ey .  B. A . ,  W . C . Benedict , H . A . G i n - u N : , D . H . in-sr ’. . ,  H. F’ . Cci ’f ’:cc.

K . 1” c,, ’5 , L . C . RotI ’urrsan and J. S . Gari s, , ‘ AJ”CRL Atn ss c- .;~c i enic AL, ;c’i~ ,- ’n- I , : : ; :  List0

i’ssrs ’su .’st ’srs Compilation s, ” AltO . , ‘-TR—73— 0) ‘u - , l- t73.

6. Cl’ws, ’,sr ,  J. B. , and T. C . Jane,;; “ CC : ,  (oo l) scn id N VIl , ilc t i ’: nal ,n-’, :s: u ’n ’c ,’i’:ct ’u .r es

in  t i c ’ s  50 ‘. ‘ 130 hr. A1 ’uiL .,n-lu hL~~~’s’,s , ” J . u i  !-“ s I/ ~~. 1~ s.  
~,
. c 3 ~~, 1

7’. clunu . ’.:r , J. B. , ‘‘ CO 2 sn - n - i ’d Il , 
- 

,0, s n’ s -, t i s -n ta l  Ic’s:n snj c s’rs it ’su” s , ;  . - c . C ’- l i~.’ : ‘d5 .~ 
‘‘ to l-

,;s,ij srn ,j t tc ’d to J. Go ot ’ : , , ’ss . R ca. , I t ’( c

8 . J ’sis.’ :,.s ,  ‘I’ , C . ,  and J. B. Ku,nusr s “ Fluerc. s ; c u ni cu es  c , ;’ CO2 r ic an 5 .3 p m : App l ic u s—
Lic,r: Lu Bayt i rr :e Limb Radiance Calculations ,” J . (i su I ’s ,y i . R e ; . ~~~, 1 “(3.

t . ‘i~s -j li ,,r ,  R. L., “ Energy Transfer Process es in t h e  C Lr si tc  sp i:i ’r ~.’ , ‘0 Can . J.

C } , er n , ., ~j L, 15% , 1975.

l ’s . Thylo r , H . ‘C ., Pr ivate Communication , 1975 .

11. Kuxner , J. B . ;  “Theory of’ the CO
2 
5.3 pin Aurora and Re latc ’d i ’i, ccrit c r ni c ’nia ,”

submitted Lu J . Geophys . Rc a., 1976.

‘ ( 1

_ _v_.-__’ -.



12. .iluirr , 1’ . 2 ., arid D. H . Arci :’sr , “Au,roral Simulatic:r , LItu ,sdi ’ , ’ . u inn s l u m s ”  n ’s 01’

ICE CAP and EXCEDE , ” HAHN Report No. 515 , ])f1A3’( ’I55. , Ic : ic t ’snu :C ’sr  1 )75 .

a ’ . dar n - -ni . 0.1 . J .,  and N. J. C:sus. ng . “ ICE CAl” ‘73ca - Chatanika Radar Ac ”s’.slts , ”

CA ll-S Re 1,c rt No. 15. DNA35~~lT , April 1975.

10,. Ui~-ick , J . C . .  and A. T. Sta ir , Jr., “ICE CAP and EXCEDE l’ieasurc :ni,cr its , ”

Cin cstes of the 5th ARPA ,;i - ccn ,scn -red iltrategic Space t5rr;sposium I ’celd

23 September 1)75- at the 11. 51 . Naval Po stgra duate School , M on t cn- r -’cy .  Ca l i f.

15. Kun r .or . J. ‘C ., “Report on the USU Subcontract BB73 Calibration by fhcni uca].

A C ;u sr -sTs : ,cric Radiance (CTuiR) . ” cfraf C final report on Utah Ctate University

.IuL, ,s c -n s t r a : ’su,  SC-’(5’~~u’19 authorized by Government Contract

Fl’)62 ~-73-C-OO”s~1~. 1975 b.

Is . S’S”sc.’c ’ lc ’r , N . ,  private communication of preliminary 11 April l ,”( 2a 5 .3 pm
, s ” n i i t r ,  raci ,’Ls ’snc” data , ,L fs’(- .

17. r l h ’ - - I - ’r , N . ,  “ Rocket Borne Cpectra l I ’se’asur cnne nta of Atmo spheric Infrared

i’s s , si ss s ’Lc ,-rn , s During Quiet Conditions in th e Auroral Zone , ” l) ’(6.

15 . Olse n , R. CI . ,  private communication ci’ meteorolo gical rocket data ut — to

“7) ic’s. altitude for tI ’s.’ dat ’: 11 April 1974 , 1974.

1’). (lruv’:s. 0. V .; “ Atmospbser .i c  I1od’sl~~, ” Air Force Cambridge Re:;eu.srn- ’: .

i n-stc:n’s Lc -ri - ,; iesss ,nical Rc .’;,c ’rt , Al”Cl~~~T R 7 O—l261 , 1970.

20. liak-:r , D. J .s “A Review of ti n-c OH A i r c l l i c ”s’, ” draft ver sion ii of
August 1,1(1.

21. Ri , ;” ,r . s , J. 7,., H. H. Cu rj u c ,’,’ . A. T. Stair, Jr., J. C. Ulw’ick , K . D. Baker

and L. L. Jc :r isex ’i; J. Geophys. Ron . ~~~~~ , 7023, 1973.

IC’ . Baker , D. J. ; Tir ivat , .. c ’ i: ’,rn sun i i c n - t hssii rc ’ latincl  total OH ~V = 2 :u’iIus’nc ,sc.’

emi ;r sion r nuc , ’a,;ur’sd ~ri th i’i], t ’’i ’ band pr ’c~;:s as rc ,’liorted i i i  Reference 21.

Auv’;,;L , !, ‘) ‘ ( c c .



23. Clsart ’rs , I” . E . ,  H . G. Macdonald and J. C. Polanyl ; Ap~ l. C~ ’ L5 . cs  i s ..

1747 . l- , ”(l.

SI~l . 1S’t reit , G . E ., and H. ~1 • Johnston ; J. Chem . Phys. , 95, 1 1(5 .

25. ‘s l-i.es, a’ . H .; J. i’leI. Spectry. ~~~~~. 150, 1974.

26. Griedor , W ., and A. I’. Stair, J r . ;  “ 2u~ort  7u~vcle ’nu; th  Infr ared SSic c.cc atl’aJ .

Heasurennents in c an IBC—II Aurora Using a Rc:elsett-orr i ’: C’d- ’ C pu’ utr c-r s cuue r ,
”

1- ‘(u .

27. Perreault , P. D .. and H . J. Baron ; “ICE CAP ‘74 - C: , ’cuacni l : ss Radar Rsusu1C~~. ”

DW~3871T, October 151(5.

Is-S . Sears, R. D. : “ Ionospheric Irregularities: Auroral Motions and ~~‘if t s, ”

DNA351SF , April 1975.

2’.c . Ware , G. A ., R . J. Huppi , A. J. Steed, B. V. Bartschi , R. B. Briscoe

and R. J. Bell : “Ground Support Bata Report for Black Brant J. ’~ .2l ’-l

Fll,;}:t of 25 February 1910 ,, ” draft report subm,it ted to AF’CRL on

2 September 1,75 .

30. Reca , 7. H.. and D. Luckey ; J. Geophys. Rca . ~~~~~~. 5181. .1. “(5.

31. Rees , H. H .;  I ’ m - n - u n - C .  Space ‘Cci.  U, 1209, 1 63.

32. Elterrrian , L. ;  “liv, Visible’ and IR Attenuation for Altitudes up to 50 kis, ,

1968, ” td’CEL-65-0153, Environmental Researesi Papers No. 255 , April 1’ ’ u- ’~.

33. llickwar , ‘1. B., M. J. Baron and R. D. Sears; J. Geophys. Res. So. I~3 cJ ~ ,

15/(5 .

34 . Olsen , B . 0.; private communication of meteorological rocket data on

atmosphe ric terurperature and density for the 25 February 1974. 11 April
1974 , 6 ~~ rch i’i’(5 and 12 ~~rch 1975 events , June 1’)’(l ’ .

13

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

_ -w_I-__ — -



35 - . Vi.t ’ss u ll , 11 .: “ Gap Between DNA Bata rind Theory at 2.8 pun -, PussiLlu

l i’s lassu ’.U O n , ’ licrus o from II . lOitchell , 13 October 1176 .

31- . ‘lure- , G. A ., and D . J. Baker : private communication of solar zenith

angle and r’ - Fra cL.s.n-’n corrected slant i’,ci’i:t as a function of time for

the 6 Itur n - u l , 1975 event.

37. Ware , G. A., and D. J. Baker; ‘ OH Rotational Temperatures at Auroral

Latitudes, ” EOS ~~~~,, 301, 1976.

3~~. Gatt incs.cr, R. L.; Ann. Geophys . ~~~ 825, l’~c6).

3 , ’ . in-ar c . 0’,. B.; private coummm ieation of attenuation corrected red. and

blue ( 11275 ~,) scanning photometer data obtained 12 March 1975 . October

l-)76.

11,0. Baron , 00 . J .,; private communication of preliminary radar data for

12 March 1975, provtded to Fl . D. Senrs.

714



D [:l’I’F ’cIB IJ TI Oi - l LIl-Ol

iil’si’ ,\ic “ ( I s N’t ’ 01- ’ l ) E I ” E N S I -  I )E 1 ’Al l l \ I E N ’ ’r ( II - ’ ( ‘ l I E  N A i ’~

‘c ’ , ’ I , , , ’  I l l  r , ’c ’ l c c r
1 1 , 1, c - c  A c I c ’ , i , c c ’ , ’ c l  i I , , ch I’ r , c j ,  Agc ’in ’i N c , i c i l  Ii c ’ s c ’ - , c r c ’ h  I _ c l , , , , : ,  I c , , ’’ ,’ l ( ’o n t c n , , ,  , l ,

V I’ I N :  I , i , ’ , , e ’ ’ , c : i n t  Coion,,’l ‘,V , ,‘c . \ Vh i i : i k c ’r  A l  n- N (‘nd, 71 57 , c l — c r ! , ’ . 1. .j ohn,~n - c , ,
‘ c l i N :  S I ”  I , ( l ( ’ I  c m j , ,Iu stk ,  ‘ c i  ‘n -N Douglcc P . McN u I t

I N :  n l : i i c ’ i ’  Grc’ ’, c c r ~ ( ‘ : c i iu , v u ,n  , \T ’l ’N : l ’ c w l , ’  77 u! c ) , Dar r ell
-‘ F I N :  C -. l ’ -  7 7 7 c c , Paul  Ju lu en n e

l ’ c c- ccmc ’ntat j o , ,  ( ‘ c u e ” , ’  A l ’ !  N ,  C c.!,’ 7 7 w , , Timot h~- I’ , I c c l i , - ’ ,
- , , c c c i’,,n Stat ccii

n - Sc”, ’ -‘c I n - N :  ‘ 1’ (‘ornn r s,nd cr
N: i c c l  r’su rfac,’,’ \V c’scpons (‘tn t , ’  r

I i ,  “ ‘ c - n - c r  .-\‘F ’I ’ N ,  (‘ode \\‘Au!l ’j , N :,i ”, Nu n - , Prgrns , I ‘ft
. ,

l) , ’ l , ’ cs , , , ’  N i i i ’ I c ’ : i  ,‘ Ag c_ ’ i c c ’ ~
‘c’! I N:  5 1 5 1 , , ‘, r , ’ l i j v ,’s l,) E 1 ’ A i I  I ‘d E N ’ !  l i i” ‘l’HE AI R i” c ) l l n - ’E
\ ‘F T Ns HAM’s , l l s c r , c l c I  ( ‘, F ’it z , j r .
\ i  I N ,  HAAE , M,i j or .Jo hn Clark 

~~~ ~~~~~~~~~~ l , u c I c , c r : c I c ~ r~~, -U- S C

i N II ‘cAE ( i c c ,  I t ‘. SI nk 
‘
~ I I N  1 KB Ki nie’ th ‘c. 0 ( h’c nip ion

- ‘  
. 

‘ A l  i \ :  ( I I , .j ohn S , (cari ng- , \  A I I N :  S I  I I , , t e ch , I, cb rs , r’,’ ,- \ ‘ I ’ ’ l ’N ( I i ’ ! !  ‘ d I v a  T . S t u c i r

I i i r , of n I , ’ f c ’n’ , i ’  R,c ’t i , & Engineering . ,Al’ ‘A c ’a l cc cn s I .cclco r sc t o r ’,’ , ‘c I’ S I‘ d l  I N :  I ) l) , S&SS , l ) u c n c n - ’ I  I I r , cc, ’kw u,v 
- ‘ d u n N  S( ’L 

-

A T (N :  D’i’’I’ , 1.1’ ol lion M i t c h ellC em mamA ’ r
F’ lelil Corn in and

I oni m sinderI ic ’ I , ’ i c sc ’  Nui, ’ I t ’ s c r \gc ’n , ’c 
~~I I N :  I I ’ l l  ‘ 

A n N ’  ASl > - Y I I - E X , I , c ( ’ ol Robert I* ’vere t t e
(‘h ut -f
I ice r cc  , c , r , ’  I l i v i  S , i i  Fkl , n- ’ommscn d ( ( N A  S .’c MN, I / N i ,

-‘c I I N ,  StS , l , Major I . : cwr, ’nec I)oani .SIW i’ I ’ f l d , ’ i’ I , c  cc ’ rmor e Laboratory
‘c I I N I C 1 I 1 I ,  

I’sNl ’S l t C Y  l j E s ’ E \ l l I ’ I I  S l ) E V E L O I ’ \ I E N ’I  A D M I N I S ’ r I t , ’ c ’ r I ,  ‘N
I M E N u  I H” ‘ 1 1 1 K  A R M Y

D i i ’ i ’ c i o c of \T i I iur ’ , ’  A I c l c ( i c ’a t ion
- ‘ - A l l  N ,  D cc c’ , (on , for Ma jor 1) . , \ ,  lla’,’ c’ockI cnnmsuncic’ u’ - I i i  r u ’ c ’ t c c r

‘d in , ’  c -c. cl i ,  ru e Si c, c c c  cc, I ,uub o rat er ’, [n,, Ala ‘cc ’s  St j , ‘ , , t c l i  c I,ah orator ’,’t v  F. k’’’t ron i cc. ( em mand - - - . -

‘ d l  I N ,  I H I S E I , — l ( I , - S’, —N , I” . K . Ni le .  ,\ I I N :  h oc’ , I on , for II , ,\ .j t ’ff ri,’ s

‘ ( ‘ ( ( K I n  0’ c\ ’ E I I N \ l l ’ : \ F \ I S F S N ( ’ I E S( . omm a nuk ’r  ‘ - ‘ ‘ - ——

hj su en I l l s ,  n,,,nd I ,aboi ’a(oi’i( ’s
O’~ ‘ d l  ‘ I N :  I I J I X I ) ’  c — N I ’  Ik’ p a rt mt’n ( c c i  ( ‘ , , f l hii c, ’r , ’, ’

( ) f fj ~,, ’ ci I ,  lc ’c. ,om b u n  I c c c l  l , c c c c ,
I ‘c c i i i , , s c i c , l , ’  t’ I n c ( i I , i t , ’  for 1 , ‘l c ’ c ’ c c , , c  S , - i c ’ t c , , -

S . Army N u c ’ I i ’ u i r  A 4 c ’ i i c ’c .\ ‘ ‘ I N ,  \ \ ‘ i l l i a m F. I h aul
‘ d l  I N :  Mc ‘N ,’, — Wf :  ‘ c ’ l ” i ’ N,  G lenn F a l c o n

l) E i ’ , ’ cl t  I MI - S N I ‘ ‘ I  ‘I ’ I fF ~ Nc ’. ’ d ’ \  I I E I ’ , \ l I ’ i  ‘ , l E N  I ’  ‘I- ’ DK I - K \ ’S E  (‘( ‘N  ru ‘ dc  c HIN

( ‘ h u t cc l  5’ : .c ’ ; , I  h (u ’ , ’ cc ’c c i ’c ’h “d , ‘r cx l c , c , ’  ii ‘- - e a r , I c , In c .
A I I N ,  I wi,  ( f l  ,\ l’ ’l N -  F’ , I n - t n

‘c l ( ‘N - ‘dl , c “ac
,, , , ,  i i , ,,’ ! ’  r

\ :~s c c l  I ’ : l , ’ c ’l r c , , i , c ’ c  I , u c l , c e ’: , l , , r ’ ,  ( ‘ , ‘ n t , ’ r \ ‘ ‘ r c c s p a c ’ c ’  I ‘ c~ i’~c ,c,’ , c l I O n
, ‘ d ’ l ’ ’ I ’ N :  ( c , I , ’  : IS ’)( .i , Vt ’r, c , ’  l’ , h h , l c lc lc rs , n i f ‘ c l~ I N -  ( I , I i , l i c c i ~’ , t i l l ,-
,\ ‘ i ’ ’ I  N -  ( ‘w i c ’  : I S I c c c , I l s u n  l( oth m u l lt’r  F U N :  I I , c r r i ’  \ T : u ( ,  r

‘c ( ‘I ’S II , ‘ S r , , , ,
I l l , ’ , ’ , -  I , , r  ‘u I I N ~ ‘1’ . I a ,  ( i c r
Nsc i - : c (  l t ’ ’ c . , ’ c c r c ’ h  I, ., l ,,,, ’ c , l , , r ’ ,  ‘ -( 1 - , , , ’ , ’ i l  I’ . 1 , - u I  ‘ i , -  I c, c~ip sun ’,A I l~~~: ( c w l u ’  , I I , ‘( s u c k I ) , I1 , ’,cw, , ‘ I F ’  ‘d I l l  —( c - I d . - , ’  I ’ , , , -  \ ‘ lc , , nc ’ , ’ c I St ic ,h i , ’c .

‘ d l  ( N 1 .1, ’ .51 , 1)11 , Iu ’c ’ h . lAb . “c I I N ,  W cu rr , ’r ,  N , (‘~c l : c i c p
7, ’’, ‘ c i  ‘ N - I I , \ S I \ ,  , ‘ d c l  l u  t i c k

75



s ) i - : l ’ \ u t ’ I ’ M E N ’ l ’  ‘ ‘ I’ ’ D E I ” E N SE ( 1  N ’ l ’R , -’d ( ’ I ’( ( IS ) ( ‘ , c , u i i n u , ’c l )  D l-5 ’ ,-\ I ! l  7II’s N ’I ’ (H”  I l l - S E N S E  ( ‘ ( c N ’ I  I l .’d I ’ ’ I  I ( I N  ( ‘ , c c , ’ i n c c , ’ , i I

cc c , ’i’ , ’ i t c  of I lc ’nd’ ,’ r It ,( I) , ‘ d ,’, s , c l ’ j : I ( i ’ s
i ’ , ’ ’ , c r c , , l c ,  S , ’ , , d i , l a , ’\ A I I  N ,  i’ ’ orrc ’st  G i lmo nc ,’
1 ) , - n~~ ’i ’ ln - ’ s , ’ : c t ’ c’h In st i tu te  A (‘‘ I  N ,  Ilo b c’ r I F: , I , , ’ l c ’ v i , ’ r

-‘d l  I N :  Nu t ’ , I ‘ f f j , ’ c ’ r  1c , r  Mr . \‘ scn ‘/~vI
, ‘ d ’ l ” l ’N :  S i c , O f f i ce r  for Dsjvj cl Mur eray B & I ) , ‘c:c’. ,cc ’i uc l , ’ , - c

I I N~ I l c ’ rh er t J . M i tc’hell
I , ‘ , c c ’ r , c l  I l c ’ su ’cu r , ’h Corporation

A I I ’ N ,  J chn I s, ’ , 1 n , ‘l’h,. Rand ( ‘ or po rattccn
A ’U ’ l ’ N : Icc  d c c ’ s  I (sikk’v

i ; c ’ c u ph ~- c . i c ’ : , l  Ins t i t u te
l ’ , c , v c ’ , ’  s u e ’ cu A I : , s h s u  Science ,-‘c l I ( u l i c ’ a l i c s l s , In c’

A I ” F N:  ‘l’, N , Davis ,- \ ‘ I ” I ’N ,  Da n iel A , I lam li n
:e’-~ A l l  N:  N , ’ s i l  lirown

Space Dsc ( sc  I I~i’ (cI , i ’ : i l
Ih c c n , ’v wc’ I I  ln cccr po rs it ed A ‘ F I N :  101cc:, ol I” , Alle n
Ra ,I i a In - cn  ( ‘c ase ’’ r

A ll N:  ‘cV , Wil l i amson Stanl ,ird I Iese : i  r eh I ns t i tu te
A l ’’ I N’ ’, ‘dl . ii ,, ‘on

Ins t i t u te for D c ’ i , ’ i , s , ’  , ‘ cdc : i I \  sc ’s , ‘ d l  1 N:  Ra ~’ I , , I,, ’ siila brsc u,i
‘c I ‘UN:  Han s Wolfhsurd A’l” I N:  Walter 0 . (‘hesnu t
A I r S :  Ernest It auer

Stanfon, l Research Ijus t i tut e
( , ‘~~‘I- , h , ,  ‘ii ‘dli sS I  I ,’s and S(Ic u c i ’  (‘omp :un v ,‘c -r I N ,  ‘dV’i ru t ’  n ‘dv , lI e en i ng

~‘ d I  ‘ I N :  Jo hn Kum , ’r
A’l’’ I ’N :  J ohn II . ( ‘ I s u c i c s , I ) c ’ I , I , 7 2 — 1 2  ‘F ’ ’ I ’ I i i I ( c Io E ’c I n i c , ’rn ,i t ic, na l I cc I ’(., r : I l t u I ~c
,‘d ’ l T N :  Bi1I ~- ‘dl 5 c I c - I , , r , , i , c , ’ , De( , l  , :‘,a - -n- I ‘ d l ’ ’! N:  V, . I’ , l ioqu isl

‘ ‘ I N ,  l’om
A ’ ! I N -  A , B , Rc ’ag an , l i / n - S — I - ’  I ’ I~th S n - I l , ’ ( , ( R I ’ n s i l \

- I, !  I N’ ’ , ‘dlar tin Walt , IN ’J cI — I I I  ,‘c t i N ,  t Ie rs , , , l c , c e - r
‘d l  ‘ I N :  i t i c ’ h cc r , I t ; , l , ,h ~,’,, , , c , I i , ’ I c L  5 2 — 1 2  , ‘ c I ’ ’ l ’ N ,  I ’ , ‘d t ’ c : c I (

,-‘iS ’ I N :  IIo i , c ’nt I) . S, ’ c c r s , l I , ’ pI , : 2 — I !  A ‘ I N :  I I , h urt
-‘c I I  N ,  (say I (suk e r

‘ d I i ,’c ” c , , , c  ( I , ’ s , ’ , , rc ’ t u  I c , , ’p , c r : c ( i c c n
\ l  I N ,  I’ , ‘ I - I -b I n ‘d l s i , I \ ’ nc’ , In , ’ ,
-‘c I I ’S :  I) , An c’h , ’ r  ‘ d l  1 N ’  .1 , ti ( ‘ :, r ( c I - , u d ’  r

A l  ‘ I N :  I l c - , c  ‘c ‘I - Sm cli i
I ’ h , , t c . , ~, , - t , ’ , , -,- . In c . ‘ c l  I N :  ‘ I , I - I I , ’g - 5 c’ s

A l l  N:  Ir vin g L. 10utsk ’ ,  ,\ I I N -  I ( c c c  , ‘I ~- — - ( i c c i i i p i , , ’c ’ i
- ‘ c l  I N:  ‘dk’ i l l  I , , , ,  h u h

l ’ hv su - :ul  10 n : u c , u u , ’ s , In , ’ , -‘c I I N ’  I . , I ’, , c I i
A l I N ,  .( ,c s, ’1 ,h It . Workman

I ‘h,’sc u - s d  Sc - , ‘in’ , ’s , Inc .
A I I  N: K ur I  W r a ,

- 

I

1 _


