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Figure 2-4. Calculated spectrum (overtone) of NO chemi l uminescence using the
AFGL laboratory data for the N(2 D) +0 2 ~N0 +0 reaction (zero
quenching limit).
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Table ~-l. Factors by which p,’eviously calculated auroral
NO chemi l uminescent volume enhi ’~sion rates are
too large .
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- - ,‘: ‘ ‘, i i  “c’ s,! I , ’ i’ t h t ’, s ’ S s O t s ’ ‘, I soi~ho~I Ill Is . l V s ’ 1 0 1 1 , 7  Ii t o I’ .1’ 1 11 ,i O~l “0 ‘01:11 i t  t s’,I

0 s ’ i ’ S ’ s’ I’\ .11  1 ,‘ t i ’s t . ’ ts ,I\ s i  C l i  s~ t his 7’ s~\ s ’ l1st 1 15 ’ I”s”~~ 
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(rocket 1C519.07-1B).
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SECTION 3
OTHE R EMISSIONS IN ‘ .6- TO ~

‘ .9-t I ln  REGION
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Figure 3-1. CO 2 - N2~ v ibrational energy transfe r and 2.7 -~tni emissio n bands .
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‘ should he relative ly small (at least compared with that at 4.3 pm) because

the b r a n c h i n g  rat ios are believed to be such that transitions that emit at

4 . 3  pm are favored over those  tha t  emit  at 2.7 jim isv a f ac tor  of about 21

(R et ’erence 3 -2 ) .  For exampl e , t h e  s t a t es  101 and 021 , shown in Fi gure 3-1 ,

cztn decay liv t r a n s i t i o n s  to s t a t e s  100 and 020 , r e s p e c t i v e l y ,  w i t h  e m i s s i o n

near 4 . 3  pm , as w e l l  as by r a d i :t t i o n  to  the  ground s t a t e  000 ( i n  the so—

c:i l I e d  ‘‘ summat loll h:inds ’’) shown in F i gure 3 — 1  . The Lockheed ex p e r i m e n t s

(Re fs’ rolls’ e 3 — 3 )  have not yet succ ceded in con f i m i  ng the  as sumed b r a n c h i n g

ra t  is’ s t’sur the j ( ) j and 021 stats’s, hut it is hoped that the p r e s e n t l y

planned  s e r i e s  of e x p e r i m e n t s  i n v o l v i n g  l aser  e xc i t a t  ion (Refe rence  3-4)

w i l l  prov ide  us i~ i t O  the res. lui red da ta  for those s t :t tes .  Even so , ther e  is

St 1 1 1  t h e  qi I s ’st ion of Or a n ch i n g  rat ios for the  hi gher i n t e r c omb i n at  ion

s t a t e s  t h a t  g i v e  r i s e  to  the  s o - c a l l e d  “d i f fe rence  bands ” , some of w h i c h

ar t ’  shown in  F i gure S — I .

The p o t e n t i al  importance of the  CO~~ d i f f e r e n c e  bands , indeed of

CU , v i b r a l u m i n esc e n c e  at 2 . 7  pm in  general , can he traced to experiments by

Oettinger and h orn (Reference S-I ) I I I  which the absolute intensity and

spectral distribution of 2.7-pm radiation emitted from CO,, af ter exc ita t ion
by vihi .utional transfer from N,, were measured . The appara tus involved a

flow tube wherein ground-state CO, and vibra tiona llv excited N 2 (excitation

by an S-band gcner5ttor) streams interacted to produce the CO~ emission that

was spectrally investi gated at selected downstream positions. The results ,

compared wi th analytically derived counterparts for the summation bands ,

show that for an N, vibr at ional tempera ture of l900°K , the difference bands
at 2.7 pm contribute about 2.5 times as much as do the summation bands.

‘rhe information supp l ied in Reference 3-1 includes , besides the
spectra l intensity’, the N, vibra tional temperature , the N~ pressure and the
CO

2 
partial pressure. From these data we have attempted to make a crude
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,I”SIIiSk ’ 111,11 he s ilt li 0 s’ I Os.’ 501 15 ’uIs ’h 1110 i’ ll s.’ 1Ils.’.I” llI ’ ~~sb lit b I ll ’.t ,tlt s.I ‘s’,’, ’l’ ,’

I s. l’s’ll, ’ s. - ,‘) tO O  I I ts.’ is il Ills ! 121 St  1 s.’s • Is 01 s 0 0 I t s.’s s ’ .
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a lues for the F i nste ill cos’ f f i  ci  e l It  S \, — Itlisi A
1 a re about 15 ~~~ 

1

ansI -11)1) sec I re spect i t ’ s’ Iv (Re tere l lcs’ S_ ( i ) . For t lie part 1c11 1 ar s’xps’i’ i mont :tl

arr:nigems.’Itt whe re t he t ot:t 1 pl’t’55u l’ s’ p = 1 • 1 ‘I’oi’r , I’ / P = 1) . (115 , :11151 t lts ’(.0~
ll i t l ’ oge l t  vi i’t ’at ioltal temperature TN 

= 1T 20 ° K , iso t i nsi IN ,1 = 2 , 9  \ 10
hs 

cm

ICO , 1 = 1 . 2  ‘ io l. 
cm , and [N 

~ I = -1 , 1 “ l0 1
~ dli ’ . I t ’ ~s’s’ integr ate i n  tc :tvo-

lengr Ii OV OI ’  the obss’rved spect I’ ll I I lit C I t S  I ty  for this case we t i  nsi

I , 
lll~~~~~~~~~~~~~~~ 

4 . 5  ~ I0~~ ~Is : i t t S  OIl S s t s.’ l’
1

) . (3-7)

Fs.Iuat in g  Eshuat iOns 3—5 and 3—7 , ansI us i l i g  v a l u e s  to t ’  this ’ par:Il1is’ts~I’s s ls lo t  s’s.I

lll’Ot’ s’ , II long us it It ,\~ ‘~~ 2 CIII , we f i n sl

K , S ~ 10 - 
( cm ” sec ) .

if

Th is  is ce r t l t i n lv  a large rate constant for s’xc ita t ion  of 2 . 7 - I l l s  vibi’a-

I sim I noscence . In fact  , it I s about one ordel’ of isi:tg~i it u.Is.is” Ia I’gs’ r t han t h a  t

t s . ’l’ Vil ’lOililm i llescs’lit ex cit :ition of - l .2 (~ pm h\’ the N j l )  ‘ 5 ’s)~~(O 0 1 )  Pt’0s’5’SS .

i ) l  ds ’ l l t ’  55’ , i t  Is - s.’ hays’ s’Svi ,’t’ s’st  il i l t t s’sI t Os’ s.IileIis’O i flsZ , its i h g  hO 1IlIIt 1 011 3 — 5’ , 1 i s ’ii

w e  It :it’e ovs ’rs’st iill:Itesl K , _, by :i co t ’ res po ns t i ltg f a c t o r .

Nevs’ r t lte ls ’ss , It’ iso sb lass’ t h e  t’s’Sll lt 5 — 5 , wh at 1 5  t l is ’ iI1IIiI is.’ IIt is ,)ll

tot ’  th is. ’ 1IiIl’t~ l’la lIt l Ilt I t lIs. ls’S about’ s’ ;Il’s’ilI 95 km Ss ’hl s ’l’s’ SOs ’ 0:111 i O I l s ’I’ s. ’ t l i s .’ sh IIs’lls’lt

~~~~ i I ’silll I s p I : It  i o n S  3 - 3  aIls1 3-- I is- s.’ t i l i s I, t IIk ing K 
~~~~~ 

= 1’ ~ 11)

\ _ k -i . ’ plil~~~~~~I.,” ~~~~~ — (‘I I ;  1)
\ ,,. k , _  — ‘

(1111

l O i s  imp I i~’s that ‘ ‘ iF s.’vs.’r’ t s ~o pOol ott s T ’ l ’ s.itIIls’ s’sI lIt - 1 . 3  ( 1111 I hlere i s  s’lle

s l ’s 5 s.Ills ’L’s.l I t  2 . ,  ,~ l lS , l O i s  is  s’Ie l lr lv  I s ’ s. ’ I;t t ’ ’.~s’ alt ;l55!’sil ’ lll s.’lli I 5 5 I s .’Ii rats’ it

Ill s’Vs.’n I t 5 5 ’ It trib ut e :tI I the  5 ’l ’s s.’ l ’vo d 2.  7 - s ~s uu ,UI1’ s ’i’.I I s.”~ I ‘S~~ is. ’fl to c ’s),

in ste a si  o f  t o  \ ) , Foul’ ex:t mpls’ , 101’ i’s.’~’ks.’t \ I I1 , 2115 - - ,’ , t hs.’ s.’ I’s s. ’l’vesi - I ,  ,S t s . ’

r:tt iO t’ ,II’ I5’sl t 1 ’ s. ’ m :t buosit 15 I t  ‘ 15 — k m  Il l  t i  t I l s . 1 5 ’  to  S it It~
s ) k’ lIlt,! 2 lIt

47
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110 h I , b ’ t i i ’ t  lt ’l”I:,’I’s’ , Ills ’ s.\ I .ISII’ s ’I’ ,ll ,!.tt .1 1it ,’ l ’
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2 , 5~ 5 11111 S l I t  I’s.’.I’Solt.(l’ i s ,’ . igt ’s ’t ’Illt ’lll Is I I  Ii \O ,‘t ~‘l’ I s ’ lS t ’ ,‘IlOI’ I l I i l i l tt h is .’” s’ s.’lis.’ s ’ 1 l s l l s ’l’ t ’,l’~

I l l s .’ t O , s. I )‘r.i I I i  I l t ’ ” ,’ s ’ l i s ’ s ’ , t ’ s. ’ : ’ s. ’ I’I ott tli Rs.’t’s.’l’eils.’s.’ S ‘1 , h’t’.ikI’ ’ i t  100111 .~ . 
‘0

I t t s . I l l s . ’l’ s.’ I s ’ l ’ s ’ . stI l l i k s ,’ i ’  111.11 s 5 ~~ I I Os,’ 1’1’ 1t,’ t 1i1il s’,’lt I t’ Il’ l I It ’l’ 110.11’ .‘ , 1 , 111

111 I l l s . ’ ,s l l l ’ ol’ ,t

h i s ’ 11.1 lIt l’UI’””s’ ~‘I l O s . ’ t ’ t ’ l ’ s ’ 0t ’ 5 l i~~ s. ’~~ s ’ I ’ s ’ 5 ’ .” , !l,’I,s ’s.  t I ’ , I t “ I’t ’ l l l t

011 1 1 1111 1 i ll s u I t ’  ‘ I’ s ’ ” s ’ l l t t . i t s ~ “ I  I ~‘ I ls . ’I’,tl1s.’ s ’ ,‘ t ’ Ilt ’ t ’l ’ ll I I l s ’ V i  ! ‘ I ’ ,I Ill’lI IIts.’~~s’ s.’1lt

s’s.,’ 1 1 . 1 1  l s . ’II ,‘t I 5 ~~, 1 1,1 1. 11 it ’ll lls ’,l 1’ -
‘ . 

— 11111 , 1 l ’ s: I” Is ’ I t  C,n t  ‘~~
• ‘Il.l~ ls ’ Is ~ ‘.lo’l’ s ’l’t

s.’llit ‘ S ’ S l t’Il I’ ll  t ’~~ I t t . i t  .11’ s.’ l, ’t  t l l ~~~ t ~~ I b t  l’ l s ’ .tl t t  s’ t ’IIil’ ,Ii’Oth I, ’ I Os. ’ ” t ’ . t t  -1 , ,;:,m,

Recoiiint~ris1a t i s1 is

II ls,’tl 1,! O’l’ t ’ll’ I 0 , s t  I i ls.’l ’ t ’ I’. .1 ,ls.’ t l  1 1 1 1 5 ’ lls ’t’tI 101’ Ilt ’ t ’ t ’ 1 ,O’ t ’l’ ,S t  OFt

“ls ’,I’,al’ t ’I’ls ’llt  ‘~ , ~‘ s ’ 1 ’h .ip 5 .11 ‘Ill: I l l s .’ I Ills’’S 01 I lIs. ’’l s ’ l’s. ‘o t t  t l u 0 t ’l’ .111,1 ll s. ’i’ll , I t ’

,Is.’t 0 I’ll I lit ’ I lls’ C \ s .’ 1 1 , 1 1  It ’ll .111,! S I I Is.’ hls ’l l  I l i i ’ l’ . it  0”  1l0s ’ s’’S “ I l’s. 1 0 0111 1 ’  i t s .  t Ilt ’ l’s’ Is.’

,‘1 S O , \ I bi’.i 1 : 1 1 1  lls ’” s’ ,’ l l s ’ s.’ llt ’.I1’ .~ . 1.115 ‘~ t ’ I lt ,tt . I I’ “1 051 1 I’ S ,,‘ ,lllt . I I  C III

‘‘It ’ t l t ’ I es.I t , ’ i ’ t i”s .’ Ill ~ ,~~ls ’’. ‘~11011 .1” 1ts~~s ’ s il , t’pes.’ 11 ’ I t ’ll I l’s • 1st ’ t’ t ’s.’t ’lIFIls’ll,l .t

1,1001,1 1 01’ ’ ‘l’ ,’O l’ ,lllS ~Is.’’.t o 1ls ’~l t o  ,l5 ’t s ’ 1 111 1 115 ’

I . I Os ’ t ’0 , ‘~~‘ t ’ s ’ I 1 , 1 1  l I lt  s.’ l t ”  I I \ lt s ’at ’  .‘ , 
— 

I l l . s’s’lill’,I re d i s i t  Ii I O.i I

.it I 1l’,l , . 1 ’ -’ .1 1 i t l t s .’t l s ’lt t ’t  N t i  l’t’ III I 011 ,1 1 I s ’ I’lI ’ (’ l’ ,tI ill ’ s.’ . II

0” “ s . ’Ii 1 i,t I I h i t  I Its ’ s.’\ h’ s’I’ I “ls.’llI l’s.’ l~s.’ r t t url1it ’tI t ’t s.’ t ’  ,s ‘.11 1’ -

1 1 , 1  s.’lli It l’I’s ’,lt b h’I ’ 5 ’’~5 t l l 5 ’ I’. l i i s t ’ t s ’ c’”I 11’ I i ‘.11 1 lit ’ t ’ l I  ,‘,‘l 1

s h uc ’llch I l s  1’ .it s’ ,‘ 5 ’a’ .t lilt ’. . Ib’ i’lol’ l I s .  l~

I t  ~‘t ’’.” Il’ It ’ , I l u s ’ V I 1’ I’ .i I I 011 ,1 I I l’ , I l l”  l ’ s ’ 1’ I’.i I s ’S I i’ ,’ I ’ I  N 
• ~t ~ l1

I ,~ s O , . ( h ’ l ’ i t u l ’ i IV  .‘~~

3 l’F,ilI~ ’O I l ls ’ l’,lI 5 0 ’ . l’ t ’ I l % t ’ s ’tl I , , ’ 1111 * 1 .‘ ,
~~~ ~. 1i1 l~~’l’ t his.’ ill Olts.’l’ “1 l It ’’—

~,t I’ ll
’ 
I h i t  ~~i e i’ s  ‘,s. ’ I o I its ’ d l  I t’s’t ’ s.’lls.’s.’ 1’ ,tlts b’. ll s ’,I I’ 2 .  5.111 .

Ih’ t ’ l s ’t’ t I~ 2~~.

I’.l ~k’- .‘ .lli~I S ~.h,’ti Id be sl~ iis’ t ’u I s i t ’ h ’ .i ‘. ~ I l1, ’s, ‘. I 11111 I h’  .‘ . 
— 11111
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Role In Nuc lea r Env i t’onlnent

O h l , Is ith i t s  tLII1tIII11Is’llt,II listlisI lt s’~It’ 2 , -S S ill , 15 1 t ’ s’ l ’ t ’  11 11 11 01’ dOlt —

St i t  5I s ,’ lt t  ,‘ S  t h i s . ’ 111151’ s.’l t t  S t t l l IOS 1 i h i s .’t ’ s.’ , ( ‘ s.s . I i s s’s . l t Ie l l t  Iv • t hiet’ma 1 I’:Is ! i sit i t’n t l ’s’lli

t Os’ ‘S~’s’s.’ i s ’S I 5 not  V s .’ l ’t S I s~ll i t  I CI t l i t  . Ilsiis ’ evet’. diem 11511 1 1 1 lls.’5Cs’llt CXC it sit It ’ll

s ’ I 0( 1 , hil’ s.’SIl l Il’ lv t h l t ’ s ’t l g hi t hs’ l ’esIs ’ t  i OI lS

II ‘ ~~ 0II~ v ~~ ‘1) + 0 , 13- 151)

0 • hh s. i , s) l h ( s .  ~~~~~~~ 
H ‘ I,~’ Ii)

0 I I’s.’S l ’ I’lIS t h ’  1 e I’ s ’l’ 51110 01 t Os’ l ls )S t  lilt s,’115s’ .1 1 t ’g lOIs ’ efll i SS i OIls 11 :iI t it its.Ies
h u s, ’t  iss.’ s.’hl 1 ‘ t ’II I S~l ~ins.I 90 kIll ( 5 s .’ s’ . f ’s’!’ s’ Xlll fl 1i Is ’. Rs’ t s’ t’eltC c 3~ 

~) . 011 t’ec t en -

bl,l l ls.’ s.’Ills’ilt s ’t  01! 0111 i S ’ S  lOll Ill lIitl ’ s’l’IlS , h l t ’ls s.’V s.’ t ’ . is  I ls ’t Ol’ S O l ’ V s .’s,l (R s’ f s .’t ’ s’ I tC s .’ 3 - 5 )

In 1 IlUd I t ’ , l l ’  ens.’ I I’ siIlill s’llt , .IS 111 t Os.’ :11111’ i s.’h lt litilis)shi!tel’ s.’, Oh! chleill i -

115 111 1 his.’S,’s.’lls ’ s.’ Shls’iIIJ l’s’ i l l s  I gIl I t i  callt .Il’s ’ Vs .’ 100 kilt ~hts’t’e tht e Cs il is ’ s’llt r at  I s i lls

01’ Ibis ’ ~‘s. ’ l s .  , l t ~~’ 111 id  l’ s ’ l l s . ’ t l i l l t  S 5) • ills! 110 , Ire sas h 1, Sim i llll’Iv . is’ i s . Ieshil’ead

s ’lu!u,ITls ’ s’Ill s.’ll I Il l I lIe s,’t’Ils,’ s.’ltt t , :lt I t ’ll S of th is .’ a t  0111 C 5) \VCs ’11 silts1 htYs,I l’ogen res t s ’ t st Ilt  S

l’s. \ - I ’ S ”  l l ’ ’ - s ’ l ’ ( ’ t  1 011 t i ~ t il  lii t~h t—lt lt i tilsl s.’ l ’ l l I ’ ’ S t  S . l~ ’t1l t I Ils i t  hu s.’ s,’\i’ s.’s.’t s’sI I ll l ls’ h I  -
‘

l’ s ’ I oss , li ’ t ’I!t I ,’ kn , Iits,’l’s.’ I’s , t hi s ,’ l ’et ’t ’t ’ s’ , .5 11111 1 ted  ,s I t  i t  i i s , ! s .’ t ’ s.’~ ’, I O Il • s’’s.t ens,I 111 , 5

t l’ s ’lIl h’ s’l’ltstI’s I:’ to  90 Km , ill ls ’!l i cli 1111 i l l s , ’ l’ s.’ I ISs .’ il l I lls.’ s,’s’lts,’s’Ilt l’ , l t  i s” I t S  of  t his.’

t ’ s’ , l d t , I l i t ’ -  ill Rs’ .ict ion s 5 - 1 0  h Its,! 5 - 11 111 5 g u t  s ’ s,’ s,’ LII ’ t O  s.’ I ihi lI l t s . ’ s,’ I l l s’ O I l  s,111I55 It ’ll

Ill 1 I l t Is .’ !  s.’ .I 1’ s’ ltV I t ’ t u ltllis ’ Ilt . I hs. uis ’ s,’Vs .’l’ . is i t  hi .1 t h i h s ’ l lChl 1 li~~ I I I s.’ Cs ’ll I .t l t t  s. ’ t  S \ lI)~~
h I

Cli i ~~~~ • Ill t t ’ t’ t’ s.’ ,I ll’ ,’IIl .i I rg  l os s  t lsi t .1 (Re t s . ’rs ’lis,’s,’ 5 - 9) , ans.I sin I Ins I s.’ I l l  co-

s.’ t ’ t ’ t C I s ’ l i t  t~~’ I’ the tiIlt,I.Ilits.’llI .11 bans.! t i t ’ 5-I  sec 
- 1 

• coIl i~~ ts. ’llsI I shilellchl Ilig Ss ’t 5

Ill i t  . i lt  It t i , l s .’s l’s.’ lt ’Is , I b ’ s ’ l l t  S kill (hls,’l’s.’h ’v I i li l i t i I l g  t h i& ’  s,’I1II Ssis ’It l I t  s.’ t t ’ tilli

I lit’ 1 s ’ I s s .’I’ it t i t  I I t b S ’ ’ S

h%~’ Il.)%’ s’ list ’s! flit’ ,‘III pUI tt ’t’ill s’5iII 1 ’I s ’sI htv s.lro . s.~hi t ~ ’ 1s t  l’s. — s,’odt’ s I  ls ’ i i—

l.~t ion’. ~‘IIi’ I ‘ I R ’ h l ’  ‘01 I s ’ i n t ’ s. ’ t ’  t h i s . ’ s.’ \ i ’e~
’ t  s.’,I l’ s.’h s,~ s. 101’ 01 s i ll s ’ l i t ’ll i l I S I I ’ l i l l s . ’ ’ S s’ 5’Ils,’ s.’

L- _ _ _______________________________________ ,~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~



- -V  — __-“-: - -

~~~

_
_ 

- - - ‘ _ ‘- . ‘- . -

~~~~~~~~~~~

_-- - -—,,‘- -—

~~~~~~~~~~~~

-“.- - ‘

1, ’ I’ t i~O l is ts’ I O h ’  s.’\’ s’ f l t  s : ( 1 )  K I ligt I shi , ,t lts,I ( i i ‘1 a Ii ’s ghi - s. is.’ 1,1 I’ill’st It 15 ) 0—ki ss

si lt I tI Is.l s’. I bis ’ r e s u l t s  sIt~’s, I h a t  101’ s i l t  I t i.isls.’s l’s’! s ’ss s lh i ollt “ it ki us Il ls.’ s.’,’ s ’lis ’

s’sillc s’llt rat i OI l I ‘S s.’llb tsi liCs ’sh 055,’ 1’ 515111’ 1 s’I l I t a  I IIs,’5 , but .1 ‘ov s.’ 51 km It I S sls.’s,’ i’s.’,I 5 s’sI

11111 III l’s h”s’csisss ~ of s. Is’st ?‘ lls’t 1 5)11 Os. 10 ,501 1 011 is i tO  sItOIltIC l t - h t ’l’s’geli . Fs.’l’ h’t itht

s’Vs ’ l l t S  St e  t i l i s I  t ha t  th i s.’ OIl i l t t s ’ i l s I  t \ ’ . 1I1’ i ‘s i ng t I ’ O l l l  II + 0,, Ch is ’llt I l S I l l i I S l s ’S s.’ s ’ l l s .’ s’ ,

i s  s.hs ’ ’ s ’ i ’ s’s ss.’sL l’ s’l oss 1,t’ s’_ h i u,It’ s t  \‘~Il i ls,’S l’ s.’s.’ , s s s ’ —s ’ th is .’ l iegstt i t ’ s,’ Co at I’ ihi l lt  Isill t t ’Oill

.i l t I tus.b s ,’s ,I! ’ s ’ V s ’ “
~ 1 km lllOl’e t hislll O l It iss’ I ghis th is.’ P°~ 

i t  1 y e s.’ s illt I’iblat I s il t Il~0l l I  t Its,’

losse r s i l t  It  il,Is.’ ’ S  . lIt is  is t I’sl s.’ 101’ hot hi v s ’rt ‘ scs i  I sInsI hot’ i :,‘lit sì l V I s’lO I l Ig

- ‘ s,l i t’ s’ct  Is ’Ii’s .

(lll t’s’s l’t I l I I , It s .’ i\  , t his.’ ~‘ h h ’ ~
’h IRi ’Ihh ~’I C s l l s ’u,I lIII is.) ItS s.h i s.h Ils it llis’ Itls.I s’ t hi s,’

5I’ s’C I s ’S 110 , ~llis,I SO 11s.~ s’ s I  1 111,11 C ’S  s it ’ s’ ,IV II I Isil’ I e los’ t he et ’fs’s’ I of ’ lts.’ l ls.’t  1 5 ifl .5 - II

I l l  t Iis ’~~s,’ s.’ , I  “ s ’ s , I ls is s s.’\ ’ s.’t ’  • s’ h i s .’~li I 511 ’ s. h’ s’lls,’bi ll lsis ’k C I I  s,’II 1 sit i O h s  , 515 1110 th is ’ 1)1111 ‘01

cos.Is.’, sb S I Is ’Is Ill i lis.’t’O.lSs’ il l t h e  ii Slid 110 , ,‘t)li Celitl ’si t Is)1t5 t s ’i’ sit ls ’,ist t elis

sil ’ ss.’Colis.!5 l it  s,’ I’ II h u llI ’’St II th i susl ghi , for 1IIOSI lI l t  ‘ s t U d s’s Hid t i uuies , t his’ 5 s .’I”IiIS

I 1 011 1’ , l t s .’ 01 OIl liv React  ion 3 - i s )  sbOlIl I lisIt s’5 t h is l t  liv Re l Ict  lOll S - l i .  11 5s .’O1llS

51 11 l i k e ly . t h i e l ’ s’ t O l ’ s’ , t h a t  ill :1 hi l ls.’ I Cal’ s’liV 1 l ’s.’t l”IL ’li t t h e  s’ll!l ,IIICs ’s.! CO1tt ri but i s . ’ii

t o  sil l 0110111 1 111111 i ns ’ s s .’ s’ll s.’ s ’ I’ l ’o’Il Its -a c t  son - 11 I s gs.’llel’hi i l s.’ sut ft ’ i s . ’ i s’~ t t  I 0 s’ f t ’ s s ’t

the !ls.’~~,It lye  cs ’ ltt l’ ih’lIt 1 5)11 t l’OIil 010,1,- I S s ’ll S lsi . h ts IS s’sI IIj ’O ll t I is’ I i l I i i t s ’s,! s.’ , l S s ’S

‘S t  Ils,I I es,I , 1 s t’ COliC I I l t I s ’ t lil t  th is . ’ 5) 11 h i t  ens II S i ll .5 li laC I s’s ir  Cli’,’ I l’onms.’Ilt i s

C s ’lis’l’,I  I I’ sitj i1it’ s’ SSs.’s,I hi s. ’ loss 111101 1 elIt 5,1 Ill s ’S .

Uncerta int ies -
‘

5 ’,’uls Is js.’I’ ,Ih’ I s’ is’ot’k hisi s l”s.’s.’li sIs. ’lls.’ Ill Ills.’ I ,Ihs ’l’ ,S t 01’’ jts.’ts ’l’ s’Iis.’s,’ ,5— 10)

Ill I Os.’ I’ ii.’ Is,l ( ht s ’ I s .’t ’ s,’lis’ s’ S 3 — ’ , 3 - II , 5 —  I1~ , 111 151 t b11 ’ si ll01h I !ls ’s. ’I’t’t i ~~~~ 1 5 1 1 , 5  Is .  ‘s s.’s

( It s ’ 10 l’s,’IlC C 3-9) 1 0 .15 ’ COSl I i  1 101’ t Its ’ a i  rg 1 os ,h ,s Ill , “ S  1111’ l ’ s .  Rs ’ , l , ’ I I t ’ll . ‘ 10

I s.’~~ ’s 1 ‘s k l l s ’is li , I O s ’llt sib ! 5’ ‘,c I t .11 I till 1 l’ s. ’I 1 ii I ts ’ s , ’ I I 011 .5 I I . Iii ‘a s’I 1 CII 1 ,51 ’ .

i t l lds . ’ l ’ t  1 1111 is’5 OX I 51  Is I t  hi l’s’ ’ S i ’ s’s’ I t O  I

1 . t his’ I’ ll t 5’ s.’ s ’ l l ”  I lIlt for Ks’S,’ t t OIl ,‘ ‘ ii

2.  t Os’ il l it 111 1 V I h’t’ st t  I 5 ifl,~ 1 s.! i stt ’ l ‘II I I 011 of sil l 1,’ l it ’s, I l ls.’

IZs,’stct I t ’ll S - Ii

.5 . t Its’ t p l s ’ lt c Iii h g  o t ’ si ll (v
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RecOs IIns,’ns.lat i O f l S

hi s’l ’,~i’ s.’ l’,’,’ s.”Iillls.’l ls.I I ~tg ,lll s. 1 ,Il’ s i l’lI l ,‘ t ’ s .  1 ’ I ’ s. ’~ 
1 15111 I s . ’ l’ s. ’, I l Is ’ s.’ I l ’ s.’ ,I ”s”,’ s,’-

Ii ‘~l s.’,( 11 1 1 0 0 1 1 . 1  I’ l l  i t ’s • i t s .’ l’s.’s’I I 5 , 1 1  “lOl ’ s,’ s.’ s. ’s . I s . ’ s’ ,I l s .’ s l l , S t  10115 s l i o t s l s . I  l ’ s ’ sh ’ i ls ’ I s . ’

,ls,’~ l i l t  s. ’ i \  s.’s. ’il S I 0111 s.’IIl ’ t s,’It t it IV5’ ,‘s. ’iu,’ I l lS lOll I i , s I  ~) ( (  1- Ilsi l IllICs’ I 5 1 ’iIl”. ’l’ s. ” S S s ’ s. (
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