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P N ( T l , A S S I F 1 I ’ 1)
• SI C t I R I t Y  C L A S I I P I C A T I O N  OF T H I S  PA OI (W7i .n 0.?. £nf .t.d)

5 K t ’ Y  W ORDS (C**nI*n...d )

~O A B S T R A C T  (ConISn,..d)

I I F ( v 1 r 
~~ , J~ ) t e r m i n a t e s  on hi gh J 1

’ s ta tes  of 0. ‘t he c a l c u l a te d
tempera ture—de pendent quenching rate c o e f fi c ien t  f o r  s e l l —  r e l a xa t  ion of
It  l” (vj  1) at temperatures between ~00 to 2000 l~ is 4ej )e ndetlt 041 v -• U
and R v en e r g y  — t  t - an s fe  r processes . ,t t l ( l  b eyond  ~ 00O K univ on v -

~~ U
p r s  4 4  es ses . ‘l’ Iie pu’i. ‘/. h u g  t empt’  r a t u  Fe de’ p t ’nde i ic  e Ol ) Se  rvt’d f o r  I I  1’ (v  1)

i l *  r a t  tona l r e l a x a t i o n  I l l , I I  V ( v  * 
0) is exp 1a~n’~’d b y t h i s  t i t o d e  1. 1”o r ~ he

hi ~~} 4  ro tat iona l  St a t t ’ S II ’? the v 0 tuauifold , this m odel I4rt ’d~~’t S iI lc*)iIIp lt’t e
r , Itat IL Ina I  t h e r m n a l t , , t t t u n  at 1(I~s t e ’ ni p er a tur e s  and  (‘omp l i t e  r O t a t  L o t I , 4 i

t h e  r m a l i  za t i o n  at hi g h t en~pe ra t  u r e s  .‘~~~ No f l l e c I I a f lL S f l l S  t n ~’ol v in g  d im e r i ’ ?  —

L i o n  appear to he n e c e s s a r y  in u n d er s t a n d i n g  the  inv e rse t e m n p e  r a t u re
dep e n d e n c e  ot the  r ep o r t e d  quenc  R i n g  r a te  coe i f i c  ients .
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I. IN ’l ’R Ol)t C’I ’ION

l’he t i nde  r s t a n d i n g  of t h ’  t ensp e  r a I n  re dt ’ pe n t l e n t ’ e ge ne r a t  , , t  I)~ t i e  I , i  L I ’

°~ t ’x p e r i i n e n t a l  r a t ’ c o e f f i c i e n t s  - N f o r  } I l ~’~v I )  r t I a x , t t t . D 4  b~ I I )

bt ’t s~’~~e m ~ ‘01) at~d 4000 K hi t h e  r Io  ha s  b een imn’ o np l * t  U . hot  1 . 4 2 1 4 !  & ~‘11* ’I )

I l i n c h t n  compared  the se  e xp er i l l l e l l t a t  r a t i ’ , o ’ t ’t’i t  i t m i t s  w i t h  r a t e  . , D ~~’ 3  I I ,  ~~n I

ca lt ’ t m l a t e d  by m e an s  of se v er a l  th . ’o i e t i t a t  i l iOdt ’ls .  ‘ l h , v  . 4 11 ,  (u ,h *j t I t , t t

n e i t h e r  the I el l ipt ’ i’ ,t t t i  I’ e d epe 41 ( 1 U l I t ’ e I l t ) F  th e  In.t  gu i  tu d  e of t h e  ‘ ,t t s ’ .‘ .‘e t t  • i . 1+1

f o r  h F  V i b r a t i o n a l  r e l ax a t i o n  i s  p r e d i c t e d  a t l e q t t a t t ’ lv I ’v t i i e . t n s  . ‘f t l n se

mode Is

l lit ’ .‘ X}) t ’ l ’ l t i i e ! 1 t 4 1 1 r a t e  t ’t ) e f f i , ’ i e t i t  f o r  l l I ” ~v — I )  * l , t x . t t i , ’n t *s I i 1 ~’ • 15 ’

:
1 

.‘r e a s e s  w i t h  in c r e a s i n g  t e m i i p e r a t & i r e  I m o m  00 to ,tI *o~~t 1400 K .t~~*l i i i . ’ l , . H ~. S

with  in~ rca s i n g  temp e r at  it r c ’ beyond 1400 K.  I’l l s ,tll . ’m 4  4 . 1 lot s I l l i h u ’  ‘~t t  I r e

d t’pt ’nd etic C i las  b ’ ’n  ohs~’ i•v ed i ll  .~ I h e r  h y d r o g e n  1i~t I t de  s ,l ld 4 4 4  ,t ha si s to  r

sp ecu lat i on  t h a t  ~‘ i b r a t t o n a l -  t o -  m’ , *I a t i o m i a l  (V  ‘ R )  t ’ n ’r~~y I V , t l l S t e t ’  I S  I I 1 V . ’l v e d

i ll  these  in t e r a c t i o n s .  A c *) lup a r i so l i  t~ t i s o top ic  re l~tX a t i o i i  r a t e s  Or  l I C I

11(1 and D ’I- lX’ l c o l l i s i o n s  by Cht ’i and Moor e  , tn&I h l h r - 1 1 1 r .t~~ ,1 1ih r ~

I 1l~ t’ s’o l I i s i . *ii ~ by ( ‘hell  ,t i id ~~h le 1 pr . D v n lt ’s t 0 t 1 v t I i c t l I ~ e V l . l C I l c c ’ t h a t  t I f l ’

r e l a x a t i on  01 hy d r oge n  h a l i de  mo lec u le s  in  t h e  v 1 I v i b r a t i o n a l s t a l e  • ‘~ •

1w a v R t ’ n e r g v — t r a n s t e r  p r t ) c t ’s s.  I~xpt ’r i m e n t 5 i I a n a l y s t ’s ai’~~’ b.t ~~ * ’d • ‘~ i

t h e  a ss t i1 l i p t i * ’m ~ t h a t  th~ r o t a t i o n a l  s ta l e s  01 l i i ’  , t r e  e q t i i l i b r a t t ’.I i i  about

0 . ~ ~L s t ’c fo r  a t v p i aI  p r e s st i  r t ’ 01 ~ t) b r  r :
S t h e r e f o r e . r o t , t t t o i a l  • ( I u i l i l D m ’ l t l t n

i s  . t s s t i l l i t ’( l  i ll  ti lt ’ . i n a l yst s . 
I - 10 . L . I ‘ t h e  p~l s $ i l ) i l i t v  • D f  fo t ’ i i i , t t n~~t i • ‘t  t l l t ~11I\ 

2

e x c i t e d  r o t at i on a l  s t a t e s  of 111” by a v R ml l i ’c h a n i s n l  in  l h 1 ’ t, s’ 1)
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h I 1 ’ ( v .  (1) ,~~ t l l s I o l S  ,t i i I  01 r o t a t i o na l  m’ e l a~~.t t i . ’ I t  1 1 0 1 1 1  P1. ’l. , ’ 1 I I L i l

r o t . *t i o ia l s t . t t * ’~ ss it li • , * 1iSt .h ’ ’.ih l \  l o n g e r  * t 1 , t t’ . t t ’ t t ’ I 4 2 ’ t I t ’ t I I i I * ’ 2, i l l S  2 , 1  l~~’ t ’ I 1

,.‘ . ‘ l l 4 .  4 .h ’  ‘ c, !. l ’I i i s  1~ * s s t b t h i t ~ 01 t ,* I i i i . tt i ,* l i  ‘~ t I1I4~ I1 ‘ , *l , t t l , ’ l l . t l  SI l t ?  2’ ‘ ‘1 I i i  b s

a s -. R i i i . ’ . li ,t ~t t ~~i i  h a s  li t t ’ i  s t i g i e s ( . ’t l . i n ’\ v * ’v * ’ r . 114.  5 ( 5  e r , t l . I I 1 l l l , ’ l ’ s

. 1 4 1  t I n  t ’ . ( 5 4 5  t h i . t t t I ~.’ h i t s  I )  — t ’ l t — r e l a x , u t , m i  m ’ . t t * ’s , ‘ l ) 4 4 e 1 ’ 5 , ’ .I I l l  ‘ I l l ? ’ I I I ’

54 C r t ’ ’O’ , ’. l .  ‘54 I ’ I’ 111,1 1 t I l t ’ 4 ) 11.1 1’ L’ ,t 1 * ’ s w i  ( I t  l i i ”  tI 4 1 ( 4 1  e,I 114 .4 r i i ,  11

\ V . I i ’, ~~I’ t . I t t  t t ’ , t  I I I  .1 11I ’ * ’ 5 I 4 * t i 2 .  t t , t l t ’ * t . ’ I ’ \ s t t n t ’ .  1 1 1 4 1  I i  l I 1 ’ ’~v 1 I I  ‘ l l l ’~~s 4 1 1

• , . 4 1 4 5 , * n, , t U e  4 . 1 i * 1 ’ . t t 1 , ’ l 2 t l t \  t ’ \ .  t I c . !  I l l ”  ‘ ‘I I’ t i m u o se s  ( l i e  , ‘ t I ’ ’ I ’ 4~ \ i i t ~~~~I i t t ,  I I

.\~ 1 U U I • , 1’ l ’ * ’ ,’. U , ’U ,t S  I . ’ r , t , t t l ’ n l e l S  I I I  11101 * ’ , I l l ’ S  1~’. l 1 i e ,t~ )s  ,~ l .~ ‘ 15 ( 1 4 ? ’ I I ’ .

1 1 . 1 1 ~ I.’ I’ Ill’, ’ . . ‘ 4, . 1 • 1 I 4 4 ’ , ‘ , * 4, , ‘.‘, i i i .  Ii  ‘ ‘ I’ I’ * 14 ,‘l l , I  2’ 1’ ’ Ii. ‘IH’ .’S  * ‘ 2 1 , 4 4 1 1  — U

l I l t  I’ ,* I l l . ’ t e t : l I,t I’ . 41. ’ 1’ ’. I ‘ ( I s le  I • . 4 ,  c~~’u t 1 S  t . ’r  ( l ie t ’ ’ 1 ’ 2 1 I . t I 4 ~~’I l  ‘‘1 l u g h I s  * ‘ ‘
~~. t i e d

l , ’t . t t l , * l h t l s t i l t ’ s I i  ( 0  t l t ’ . . t i g h i  l i l t ‘ ‘ 4  l I t ’ ’. l ’I t e se  h i g h I’ , *t . t t I , * i . t l  St i l t ’s ot

t I  . t I . ’ sl~ ’v . l ’ .  I’ t l , i \ t *t 14 ’ . U -. 1’ ’. R I  ? ‘ l I t ’ I ’ g \  t l ’ ,t I i S f t ’ I  p s ’ , ( ‘ S 4 4 (’ 4 ,

t h e  I I ’ . I l e * . l . ’ I ’ ’. ~t t i ’ l ’ .  ~
‘i ’ , ’\ 1.115 1 t i i i i } ’ *e r . i t L t l ( ’ ” t I t j ) . I l & I t ’ l l I l , t t t  •‘ . ‘* ‘ t t I t ’ t t ’ i I t S

1 , 1  t h e  t . I’ n I . t t I . ’11 ‘1 l i i ’ ’ 4 4 1  111g b l’ . ’ t . I l l , D m i . t I  s 1 . t t * ’ s,  t ’I w s e  ,‘ . t I ’ u l . t t e . l  t e up e r .~~t t t ’ * ’

. I * ’ l 1 * ’ l 4 . I *  I t  l i l t ’  • , ‘ ‘ t t I .  t I l l s  • . l t i t i o t  be • o i i j i a  ( ‘(1 • I I I ’ t , ’ i l \  ‘. ‘.II I i  t h i t ’ ‘\ i l * ’r I ii * ’ I t I . I l
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11. MODEL

A c umpute  r e od~ was developed in o rde r to c a i c u l a te  tb . t i l l  It ’ — d. v l d t ’n I

h1F~v 
~~

, J 1 I c o n c e n t r a t i o n s  iii de f ined  v i b r a t i o n a l  v 1 and r o t a t i o n a l  j
l 

S t . , t t  ~

b r  sp e c l t i c  k i n e t i c s  expe r i r t i e n t s  r e l e v a n t  to e ne r g y  t r . t t i sf c  r i n  h i ) ” . I

code is an ex tens ion  ol the n o neq u i l i b r i um  c h e m i s t r y  and ga sd y n a i i u c s

(o r  NEST code)  to c o n s i d e r  r o t a t i ona l  n o n e qu i l i b r iu n i  t ’f f e c t ~ . l, ’n t i l  now , in

NEST , it was a s sumed  tha t  HF species  we r .’ in r o t a t i o n a l — t r a n s l a t i o n a l  (‘ L~U 1l l i ) -

r iurn at all t i m e s , w h e r e a s  the k i n e t i c s  be tween  v i b r a t i o n a l  le’, ’ *, ’I s  o n l y  cou ld  b.

r ep r e se n t e d .  The r e l a t i o n  of Wi lkin s ’~ p r ed ic t ed  rate c o e f f i c i e n t s  w i t h  * ‘x pe r -

ments  can onl y be understood with a more soph i s tic a ted  model . As a l est  ‘I

t h i s  m odel , an a t t e mpt  ss’as made to dup l icate  the anomalous  re su i t s  oi t I i t ’

expe r im en t a l  rate c o e f f i c i en t  f o r  HF (v  = 1) self — r e l axa t ion , w i t h  i ts  p r o i~~otne . ’d

m i n i m u m  at about 1400 K. Since the pr i n c i pal method of expe r im e n t a l  s t u dy

has  been l a s e r - i n d u c e d  fluo r escence , ’’ 4 b 0 , L of ten  coup led w i t h  a shock

tube b ‘~~~~ or  heated  cel l, 4 ’ 8-10 model in i t ia l  cond i t ions  have  been def ined  to

rep l i ca te  these  a p p r o a c h e s .

The gene ra t ion  of t i m e - d e p e n d e n t  HF (v  j ,  J den s i t i e s  by tli. mL ’c I e I  i s

r e qu ir ed  fo r  compar ison  svith actual  expe r ime n t s.  These  co i’t pute t ’ nu ruh e

d e n s i t i e s  can be summed over J 1, and the sum then anal yzed in t h e  same man-

ner  as in ac tua l  exper iments  in o rde r  to deduce those emp i r i c a l  q uen c h i n g

coef f ic ien t s  reported b y exper i rnental i s t s .  The re la t ionsh ip  between these

empir ica l  quench ing  coef f ic ien t s  and rate coe f f i c i en t s  fo r  d i f f e r e n t  modes  of

ene rgy t r ans fe r is discussed.
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The R -. (R ’, T ’) mechanisms with AJ -1 are the main p r o ce s s e s  f o r

deexcitation of rotat ionally excited HF species.  The HF(v 1
’ 0 , J ’

1 ) spec ies

at low t empera tu re s  will have a nonequilibr ium d i s t r i b u t i o n  of the hi gh

ro ta t iona l  s tates  because , at hig h value s of J , spac ing  be tween  t h e  r o t a t i on a l

levels is so la rge  that a few collisions will not cause ro ta t iona l  r e laxa t ion

b y AJ = - 1 t r a n s i t i o n s .  In t r a j e c t o r y  stud y, Z3 it was predic ted  that  rota-

t ional  re laxat ion  f rom the hi gh 3 levels to the low 3 levels  with mul t i ple

4 quantum J -t r a n s i t i o n s  is a v e r y  ine f f i c i en t  p r o c e s s .  A t r ans i t ion  f r o m  J - 3

to 3 = Z occu r s  about one in three  collisions, whereas  a multi quanturn tra i lsi-

tion f r o m  3 = 15 to J = IZ  occurs  about 1 in 1000 col l is ions, or a t r a n s i t i c ,n

f rom 3 = 3 to 3 = 0 occurs  about I in 50 coll is ions.  Even at low 3 levels ,

the probabi l i ty  of n’iulti quantum t r ans i t i ons  are at leas t  one o rde r  of magni-

tud e smalle r than the probabili ty of a sing le-quantum t rans i t ion .  In thi s

stud y, onl y s ing le-quantum deact ivat ion processes are used f o r  the

R -‘ (R ’, T ’) mechanisms  fo r  relaxing the rotationally excited s tates  of HI”.

The gene ral ized rate equations f o r  the v R and R (T ’, R ’) en e r g y

t r ansf e r processes  in E qs. ( 1)  and (2 )  are given as

dtHF(v
1 = 

~~~~~ = k
R(J 1p J2,5~ ,J~~)[HF(v 1

J
2’
J~.J

’
1
=10

x [HF(v 2 
= 0 , J

2
)]

(c o l t . )

- 1 3 -
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In. RESULTS AND DISCUSSION

Typical results f rom the calculation are  shown in Fi gs.  I through ~.

The logarithmic densities of HF(v = 1, 3)  and HF(v = 0 , 3)  are plotted as a

function of t ime . An essential ly exponential decay is computed fo r

HF(v 1 = 1 , J 1 ) . As wit h the actual expe r iments ,  the emp i r ical quenching

coefficient  k emp is deduced throug h Eq. (7) .  The calculation is performed at

severa l HF densities in order to verif y t hat k is indeed the result of HFemp
quenching. The slope of the inverse characteristic decay times versus

HF(v  = 0) densities yields the same computed value of k emp~ This  proce-

dure has been used b y exper imenta list s to ensure that the deduced observed

.~uenching  coe ff ic ient is not e ff ected by compe ting or secondary processes .

Thus, the ana lyt ica l tec hniques of th D <perimental workers have been

duplicated exactl y.

Vibrational-to-rotational processes predominatel y cause the high 3

states of HF (v = 0 , 3) ,  cor r espond ing to t he states of Eq. ( 1 ) ,  to depar t

significantl y from equilibrium in Figs. 2 and 3. For example , at t = 50 ~isec ,

HF(v = 0 , J = 13)  is four orders of magnitude greater than its equilib r ium

density. In this model , r otationa l inversions are also computed for some

J in limited time domains.

In Figs. I through 3, the initial amount of rotational equilibrated

HF(v 1 = 1) is taken to be 0. 01 of HF (v 2 = 0), For this case , t he densitie s of the

HF (v ’1 = 0, = 10, . . . , 14) afte r 50 ~sec are equivalent to those of the ini t ia l

~~ ____,____~~.1-I: .‘ ~~~~~~ —‘
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Fig.  1. T yp ica l  con’t pu t e r -ge t ie r a t e d  n u m b e r - d e n s i t y  c u rv e s
of a l a s e r - i n d u c e d  fl uo re scence  stud y of ’ I I F ( v j  = I )
+ HF (v2 0) mola r  c o n c e n t r a t i o n s  of l1}’(v 1 I
J I t h r o u g h 5) v e r s u s  t ( i ,t se c) .  ‘1’ 300 N ,
P = 0. 47 T o r r .
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‘ ‘backward’ ’  quench ing  rate  c o e f f i c i e n t .  ‘(‘he i nd ivi dua l e I t ’ r g y  d e t e s . I s

as defined b y Eq. ( 1 ) .  are m u c h  smal ler .

Ev ide ’nce of hi gh 3 s ta tes  in s i g n i f i c a n t  r o t a t io n a l  l l OI l s ’t ( U i l i l ) l ’ i U l ) i  I ’ l l —

d i ti on s  is c r u c i a l  evide ’ne .’t’ in es tab l i slung  v a l i d i t y  f o r  t J i t ’  V ‘ Il p F O e .  t ’ 5 5 5 ’ 14 .01,1

t i l ls  n ’utidt ’l . ‘l’ht’ de n s i t ie s  in Fig.  indicate  ~o 1l) ( ’  1 5 , 1 t at  j t s I i d l  popu la t  l i i i )  i l l  V . ’ I’ —

S t o l lS ,  W l lj C l I  I ) l ’aul S t h at  l~~~t ’ I’ ae.’ t i t ) l )  OIl  pUt t ’ r ut .,t t i t i l l a l  t I’ 5 t i l S i t i O l i  s of I i i ”  1 1 1 1  p I t I

be.’ pos s ible.  Pot’ examp le , Dcut sch  30 obse rved his.’ r ae.’ t i on  00 ~~tl Ft t ’o t , i I  t t s t l , (  1

t r a n s i t i on s  of 1( 1”' f o r me d  b~’ t h e.’ F t I I , ch.’iuical  rt ’ae.’t ion .  l ie obse.’ r~ ’ e.’tj ro t5 i  —

t ional  t l’ans i t ions  in ill” £ t o l l)  t ’nt ’ i’gy It ’ vt ’ls 1201’ r e sponding  to Vt’ I’ V Ii i  g Il 3 \‘ aloes

wh ich ind ica te s  a r o t at i ona l  000t ’qu i l i b r lu i ) \  d i st r i b u t i t ) n of I 1l”(v . .1 . ) s t a te s .
i llg i’(

The ro t a t i ona l  st at t ’s r e spons ib le  fo r  the.’ litse r act i o n  ob s erv ed  b y D e u t sc h

could not ha vt ’ been fo r  med £ I’onl t lit ’ F + 1- i , reac tj ol ls.  It  would .lppt ’ ,i i’ t ha t

the hi g h J states observed  may  have been formed b y e n e r g y— t r a n s f e r i t r ~~c( ’ s s t’ s

i nvo lv ing  v i b r a t i on a l  r e l a x a t i o n  f r o m  hi gh (v . .1’ ) l e ve l s  of I i i ”  wile t’ t’ I l l U l t i —

q u a n t u m  v R e n e r g y — t r a n s f e r p rocesses  a r e  i m po r t an t , This  is i ) t1l j e .’’.’e(( 1, 1

p rovide  a plausible  exp lana t ion  fo r  the hi gh J — s ta tes  observed  by I ) eut s c l i .

Kroug h 31 has repor ted  las ing  in f l a s h —  pi ) o t o l \ ’ S i S —  in i t i a t ed  l i i ”  c ilet’t l i c a I I ,ise ~‘s

invo lv ing  except ional ly hi gh .1 s ta tes  and has invoked  ye  F S j O I l s  of t h e  v R

m e c h a n i s m  to exp la in  the r esu l t s .

Some indicat ion of ro ta t iona l  nont ’quil ib r ium has i.lt ’t ’fl ~~i V t ’ll i) V (I l’t’e l l .

~1Sandt ’ r s , and I lan e 04,’ k7 ‘ h’” who tne .t su  red I IF( ~ ‘ I )  s e l f —  t’elaxa 1 ion ~‘, t h ’s

i n  pure . ’  HF in h F  hi ghly diluted w i t h  a r g t l h l  by m e a n s  of the L a s e r —  exc i ted

v ibra t iona l  flu., r escence .’ techni que . They found tilat  11F’~v I )  st ’li — r e l a x a t i s i t i

rate obse rved in pure I IF was 30’~’~ slow.” I’ t ha i) the si nl i l .tr  l’.it (‘ \4. ’itl ) I l l ”  d i lu t e d
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~~t l l ’ t’ I I I ’ ’. 11 I I  I S  . t s S t( l f lt ’’,i ( I I . I t  ‘I ( l ( 1 . t l l t i i l l I  ‘I  4 . h I s i ’ , I I I S ’ t l , s i  5 t t s ’ l ’ l ’ ’ .’ s t t  l I l t  I i l ’ I \ i = I t

I1’I t, ) I t ’ s, ’ t l l ( ’  1,1 1 1 ’ S  f l l * )~i t 1 \  0 1 4 . ’ l ’ s ’ I , t l l s ’ i i , I I  s I 1 I ’ l ’ l,~ \ ‘ ‘1 I l t s  5 . 4 1 1 1 1 ’ l l l s ’ I t ’ e I I l s ’ 1 1 4 ’  I I I  , I t l

i t  I I l ’ ’ I ’ .  * 
U t  * , * l l t s l s l l I . h i t ’ 4. - — R t i s ’ . i l , ( l l l S t l l  4.4. ‘ ‘ 1 1 1 1 1  g I s s ’ . 1  ( , t ~~ ’ t ’ s .,~ , I

l l . ,t I l g e  ‘*‘n j t li ,i ‘ . 5  F ’.  1 4 1 1 1 . 1 1 1  s ’ I ) ’ l ’ 0 4 ’ .  l e t s ’ s I .  l i t  1 111 , I I l ~~ I l l s  0111 1 115  I c  t I i s ’ l ’ l I I , l l l . ’ , I ’

t i t ) l l t ) f  t i l t ’  l’ , s t . t t i O I l d l  lt ’~* t ’Is  S l * ( ’ t i l t s l t ( ’ t l  5 1 1 1  1114 4 , I ’ 4 ’ t ’ I i , “, I l l * I ( ’ i’ 14 . t t ~, I  I I , ~i i t  , ‘ s Is

is  S I l s l ’s4.’I l ,  “ i t ,  Il t ’ .  ~ h ’ i t ’, 0 I ’ .. * ‘ ‘ 1 1 1 4  t d t ’I’ ( ’,l 1 * 1  h t~ i t i d u l’ t ’ s, t , i l * ’ ’ .Is t ’’. t i . , t l l t l  . 4 1 1

u l l a l l l l) i g i l * I 4 I S  e xp e l ’ I h i l t ’ l l l , vs I l l s  Il Fe ’.  t ’ . t I ,’* v e t ’ ’ .  (u g h 1 S I . ( 1, ’S ‘ I I I  ‘ ‘ 1  t ’t 4 I .t h I t l *  1 1 1 , 1 1
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1H 1  I V A N  A , h ’  I’ r I N ( ;  L A k I O R A l ( t R I E S

1 he . 4 , , , r a t , ’ r S  Op r r a t s . sn s  s * I I he A rr , sa p a .  e ( , r p , . r a s  5 , , , ,  5 *  s s ’ i * s l s s s l s r i g

e x is t r s s , t e n t a l  a,,si  t h e o r e t s s  a t t n v e a t i g a t i o , s *  ne.’e *sa r y f r  s he es a l u a t , t , n  and

* I ’~’ t , ,  a t s o n  sIt s s s r n t s t i .  a d v a n c e s  i s ,  new ‘ ‘ t I t I a n  s on s - cpt s  an si Sy s t e t i s !  , ‘.‘ er  -

51 * I s t  and i l e s s i s s l s t ’, ha.  e beet i  s ievet opes i  I s ’  a ( s i g h d e g r e e  I s .  the  t *h ss r a t s ,  r ’,
p r r . . * ss , se l  sn s t ea l s  ng ~ s th  the it~ anv  p rs sb lc n s .  en . ssunte red *n t h e  f l a t s s i f l ’ s r a p s d l ’ ,

‘i t s  els’psn g spa ~ t gu st i ns a i s l e  s y s t e m .,  E x1,r r I s e ,  n the l a t e s t  •s * r i * I , N s  t Ie s  el
, ‘s , , n e , * l . , s s  t a t  t . . th e  a *c . s i s i p l s s h n t e f l t  s s l  t a s k s  r e l a i r s l  t o  t h e s e  p r s . t * I e i s , . , ‘ t h e

a l ’ , ’ r a t , ’ r , e s  t ha t * s551t r sb u te  to t h i s  r e s e a r , l ,  a r e :

A r  r j’ f : ,  I al ’ ,, r a t s s r  v t , a u i , s h and r e e n t  r s at rs sd ’ , ’ msasss s .  a , heat t r a n s
f e r . r r , ’ * i f l  p h s~~ s s 7”T~s e mt c a i  k i t s e t s ,  n , s t r u s - t s s r a l , , , r ,  h , s i *t s  t , I t s g ht s t v s s a i , s s , , a ,

a tnss *s4 s he r ps,,llsst son , and h ig h -power  gas 1.sse r a .

* h, ’ , , , . t r ’ ,  as td }‘h ‘ I s s  . i , ahss ra t s ’r  ‘ 1  Atn s*’sp he r s . - r e a c t t o n .  and gUll s ’s.
r ‘ s I . ,  5 , ,~~, e , n j s a ~~ r ea ,  t , s . f l 5  in po~~uled a tmos phere s , chemi s’ at r r a s - t , s ,n s

• oi es,  t e l  - ,s.- , r a  in  r os’ k e t  p i u z i s r a . * h e i t s i s  at t h e rn ,odv , aa n t s ,  s , p la i n - t a and
la s e r  - 5 , 5 ,  , , c  1 I r a ,  1 5 , 1 1 % , l a s e r  . 5 * e m i * s s t i ’ ’s ,  p r o pss ls i s s n ,‘h r, n s s t r y .  spac e v a s ’ s s s s , s t
a , s s l ‘ s , ?  a t - , ’, , r! ‘ r ,  $5 5555 , , sa t r r, aj s . l s sb r i t ’at is , ,n and a o r t a s  e p henomena , photo .
g e n i u s ,  e ,i ’. t e r s a t .  and s enso r s , h igh p r e c i s i o n  l a g e r  r a n g i n g ,  and the app t s .

5 ’ - ‘ 15 ,51 1* 1 5 s 5 ,  and s h e n i s a t r y  t * s p robl ems oi law enf , ’ r *  e s f l r l s t  and b i omedic tn e ,

r i  r s , s s s . s R e s e a r . (s i ab**r±! ,~~!i: t ’ I l e c t r . ’ l t * a g n e t t .  5h eo r ~~, s i es’s .  cc , ansi
( ‘I  ‘ ‘1’ A ~ a i , , *I I  

‘ s’n s,nsena , s i t s  I~~~ii g p l asma n e s t  r t sm a gn r t * . - s qssa ntu n% e lec t  r o t , ,
I a — v  r . , a~ist e l e s t r s s ’ o p t s s  a , . s , n ~n su n i c a t so n  S, ’sr t ’s ’es , app lsed e l e c t r o n i c . , semI

t i s g ,  sssp e r c o n d u s i s n g .  and * r y a t a l  s i e , s s - e  p h v e s , - s . s sp l sca l  and as ,su sts s ’aI
i n l a g i n g  - at nssss p he r sc ps st l * s t ls i n ,  mu s l l sm et e  r s. as- C and f a r . s t s f r a r e d  te chnol ogy.

4.’ , st . ’ r sa lg Ss - t e ns ci l abs I ra t t l r y :  Des-els ’p meis t , ,f  new n ,a t e r ia l s  I metal
r * s s ~ * s ~ s p s 5 s s t e a  and new torn , .  of ca rb on;  test  and e~~a I u a t s o n  cit gr a p h st e

and , e r a , , , , ,  $ in  r e e n t r y ,  sp a s - e c r a t l  m a t e r i a l s  aissi el r s ’t r s ,n s c  ,‘slmpo ne nt a is ,
nut l e a r  st eaps ~lls  e ns  * r , , n , l ,en t , ap p l s s  I t s  , , , s , s I  i r a s ’ t u r e  t I l e ,  P l a n t s  S t O s t r e s s  c,,r ’
r ss . ion ansi Sa t i g s s e  induced  i r a c t * s r e e  in s t r u c t u r a l  m e t a l s ,

S~~ss s’ Sc ien *’e. La bo rs sto_~y :  Atmo sp h er ic  and ionosp her i c  phys i c s . r as isa-
li on t r ot s ,  th~ ,it mo.~ ’E r e . d rn s& t y  and consp ossls*sn of the ss t issosp her e.  ass r ora e
and i i  r i I , *ss - si *a gnets i sp h e r t s - p h y s s c  a , . 51511 ’s .  r A 5 s , gene r a l , o n  ansi pr opa ga t soi f
s ’t  ~‘ I a ’ s * i s . .  ss as s’s is t hs’ i i sag n ets ss p l* e r s ’ , ~,sl ar ph~’ sss - s , ,s tss d ss ’ s ‘i s o l a r  s l l a g i s e t , ,
, , , ‘ I t t s ,  ,l’ ,, ,  r ,,‘. lr  , ‘n , ’ I l n s - x~ r a y  a s t r s ’ i s s ’ n s y ,  t h e  ,‘ l I e s - t , ’ *11 , , s s s - l e a r  r~ 1’h’’.ions ,
* 5 - 5 s4 ! l 5 ’  I L ,  S t s s r n t s , gl u t  s , s t g r  ,as ’ I , s  I t s-  sIn th ,  e a r t h ’ s at ns sisp h er r . isln ss sp he r ,  , an s i

, *r t , ’sp he re ,  the ch e s t ,  sit o p t i c a l . et es ’ t r o m n a g n e t s c . and par t icu la te  r a ds a -
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