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.-\ l th oug h se ve ral  PFI P C ’t ’S s)fl t he  sub ject of s p ace c r a f t  inte ract ions have been
referenced , the t ac t  r emains  th a t  , i t  present relat ivel y little is ac tual l y known
about most of the intt ’ t’;lI’ t L ( l t l  I ) t ’ ( l ce ’ ,

~ Se ’ S nientioned . ‘l’he problem is that there dl)

not ts  y et  ex i s t  su f f i c i en t l y dI’t,I l j , ’d models of many  of the cl yn an h i c.’ pn’ocl ’sses
.issociated w ith t il e’ m o v e m e n t  of inagnetosp h et’u -  p lasma.  Simila rl y , t h e  level of
preltision 115’ ,’ e ’s s;I t v  to d’.’fj ne tl l; it iv of the inte ractions is severe ly  limited liv ;i lack
of expe r’ime’rtt:s l data and / or theory . ‘l’hese two problems a r’o not ;I tid cii nnot be ‘ 

-

divot’ced f rom e n  1’h ot t u ’  p :i ,s we must  define tile’ p h ratnete rs n ie ce 55:1 I V  t ( 1  hi  s’ s - F l t a f t ’  —

iy represent th e ’ cnvit’onliient and at the same’ t i m e  t t~ c’~’ pa raniete rs m u s t  h,. k e y e d

to the interaction models to be of in use. As  will become appFl re’nt, a real dichot—

only ex ists between the pa rameters currently used to define tile e’tiv it’onti ’iet it ~ind
those requit’ed to predict p lFlsn l : l  interact ions.

3. PRI SENT Si ’A’i’LIS

In order to demonstra te  the  di f f icul t ie s  a t tendant  with  s tudyin g  t h e  p roblems of
low energy pa rticle in teract ions  with space systems,  the cut’rent status of the~s l’
efforts will be reviewed. F irst, a br ief rev iew of tile current status of loss’ t tle t’gv

rnagnetospheric plasma models will be given. ‘l’his wi l l  he fol lowed by Fl (t i .Ss’ilsSiOt ’l

of at tempts at predicting and modeling the into r ac tion  phenomena assin’ iate’d w ith

the low energy environment . 1”inal ly • an example  will  he given of one :ttte ’mpt to
link these three areas into a coherent  predic t ive  mo d e l  of one i nt e r a c t i o n

phenomena—spacecra f t  charg ing dur ing  eclipse pas sage .

3,1 low Energy Plasma Models

In Garrett (1979)  the cur ren t  status of the modeling of the ’ 0-100 k eV n , ’;Ir -
earth particle environment is reviewed in great detail. ‘l’his s ect iot )  pi’ e’se ’nt s some’

of the main results of that stud y; the reader is referred to that  r e v i e w  for  a toot ’s ’

detailed description. As in Garret t  (1979) .  comments are  confined to tile lonels-
pheric and auroral  domains as described by Vasy l iunas  ( 1972 ) .  That  is , on l y  the
low energy (0-100 keV )  charged particle population in tile p l asn t asp here and the
near-earth plasma sheet regions will be considered. Also, varia tions  in ionic
composition will be ignored (see Young . 1979 , for ’ a t rea tment  of ionic composit ion
variations).

Four types of quantitative models are  described , dependent upon t ine’ rFltiI) of

theoretical to empirical input to the model. The most e lementary  models discussed
consist of statistical compendiums of various pa ramete r s  Is func t ions  of space .
time, and geomagnetic act ivity.  These stat ist ic :t l  models z’equi re l i t t le ’  th s ’ot ’e’t ic a l
input, rely ing pr imar i ly on actual  measurements .  (‘onsideration of b a s i c  phy s i ca l
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IS I (LICYNON CUNUINT Al’s-S IL(CT30II AT’S-S
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32 — AT ’s-S —av s — Av.
--- AT’S-i 10 -—UII ~~~S0

o I 2 J 4 0 0 1 0 15 0 0 1 0 1 .
J (m *~ c.2 ) T (k iV ) Uk.V)

i”igut’ e 7 . I t is t og i’ t ims of the ( )ecu rre’ne’e I” r equ en e’ies ci f t i n ’
i’ lect ron and Ion ‘l’empe t’:i t ore ’s t end ( ‘u t’ i’ent :tt 0 t ’osvnchnous
()t’h it as Me ’asut ’ed b~’ ATS -Fi  :ind Al ’S-t i . ‘l’ ( A\  G) t s  2 / 3 ’ s
the i’:itio eu f ene rgy de’nsitv to niit iute t’ ds ’nsit ; ‘Fl R ~iIS )  ts

~~~~~ half t he  ratio of pa rtic Ic’ ene t’gv f lu x  teu ut t l ut ih e’  t’ f l u x
(Gai’t’e ’t t c t  al , l O ” l l b )

‘c hode’ ls l O F t ’ t ls,i h,’e ’t i  he’’ .’eleupe’d f e i t ’  oth ie’t ’ sp t t i ,t l  posit iet t us t i ,’. plotting thle’
t’,’shIlts lt’oni ,‘ee ’ent ia, , i oeli t ie ’d s ;ite’ l l i t t’s iti t b t t ’  h I l . t t l t i e ’l ’ of t i le ’ i n t e ’ t I s i t ~ ’ plots suE

itig li e’tle ’ rgv part icle’s. \ pa r t i r e t l a r l v  ge isat  t ’ X : l l t m p l t ’ 15 g iven  iii i- ’ tg l l re 8 ( t ’ ’ t’ank,

I ( s i t ’  t h e ’ lo w c ’ t ie ’ t ’ gv  l e t h l s  (200 ,‘\ ‘ 1’ ‘it) kt ’ \ ’  I in the’ ge’ne raliit ’d H — \

(‘0(1 t’( iinate’ svs te ’ t i t .  Slnh i IFt  I’ studies (( ‘te rpe’nte ’ I’, I Ot iti ; ( ‘hlFiI)pel l et il. I 1110;
I ,et l t l a t’tssoii ,it id He ’ h s m t h i ( ’ I’ , I I)lti ; anti i’ e ’ ’ , ’ i e ’W s  by I, ‘ hiappe’ll. I lI 2, :itid 1, 0  rpe ’ t it e t ’

and I ’ , i t ’k . I t ,’ i )  e t f  t i je ’  p l : t s t i i a ~~pite ’i ’e ’ also e ’ X t s t ,

I ~‘
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‘FIts’ t uiF l~ eit ’ e i i f f i c e t l t y  ~~‘ it h  the’ pt’ e ’ e’eei ing stt t t i  s it cal ttit iel ~’l~ [root a p r e d i c t i v e ’

stctt i ml t t0 l t l t  us tha t  th is’ e ff e c ts  of coltul) l(’X t it lie ’ V~e i ’ I’ it  it’ll:’ ‘,~ t t t l t ) t  Iii ’ j it cliteieti while’

i tit,i ining th~’ tiitt’ L’ t~e~l : i t i i ) thS b f l P l4  t a t  ‘5 s ell t Iii’ V I  t ’ iO&t S p. I I t t  u i ie ’ t  e l ’s • & ~ le ’ Seil titioti

t ’  this pt’ st hle’Itl t o  s it i i p ly  to prov it i e’ Se’ . ’ t ’ t ’; t l  h’t~et lt ’d ilelt t’t ’l,i’e’,Se ’t t t i t t ~~~
1’ e ’XOh lF ) i l l ’ S

I )i ’ l l i i , ’  it .itiil \\ ilsoti, I tllti) of , mc t U . ’l spei ’t I’~~. 
t ) utf t i t ’ I l i l i, ttt ’~ \’ , (t ’ t ’ . t t l  a pt ’.~ s ’t ,‘,sl

‘i ‘i t ,~tc l i  I uih’ i , u ’ n i , t i i t t i  l . s  cks ct’ io p;lc ’l l u t ’ O S  1 iii sloe’s lie’) e’;i~~t l~ pt ’oVtuhi ’ t iu , , lO ot’

t i e s ’  ~~i’ ’ , F F i , ’ te  IF- i  t’ e ’e1U~ t’e’sl t’~ pe t t e tt t i . i )  t t 5~ ’t ’5 .  ~\ s o l t t t i s t t i  to th is p~~ilt le ’iii ,‘I j ,’:e e i e ’ o t f

Ill t O  ‘i ’ ll Is I hi l l s ’’. .,it ,I h i i ’ m S F ; l v e ’  11~ ,~ittit ~~’,l ,h , m t . i  It :t s h,’eti (lie ’ i i it t’odt tcttOhl  of ,ii:el’,’tit’ , ml

,‘qti. t t i iii” , i 1 ’ e t ’ I t ’ ,ih ’ tnoel,’htig s p e c t i l t ’ p t t t ’ t e t l \ e ’ t t ’ ” m t ’ t , t t t t ’ f t S .  ,\ t l  ,‘x , itiip le ’ t O  this ’

‘,‘. c l i  ktiti\’ .’tl I’, it ’t i i t it t or t l t i ’ t t i t , h t t h gIlF — ita ’ , ’ . ’ t t  b ih t e s t a a p b a ~~
e l i t d ’ , t t ’ I~ l’l t i~~’t ’ o t t  h’ i’r k (i’ll 3)

( ‘ t i , ’ e l ‘i  ,\i,illk ,eii it \ I c I tW , i t t l .  l I l t’ , ) ;  I” i ’ , ’ t ’ t t l t I i .  IO 1; ;ttisl , p,It l ie’ tt l , m i ’ l \  , the ’ t ’evie ’\’.’

tn t, ’ t ’lion houiuu lh  I I ” . I’ t , t ’ t i i i i t , 1~~ l’~ t’~ t\  ,‘ lF .,tt l  i ’) t I ,  I 0 7 F F) ,

5. 1 — o. 47 I\ 
( I )

PP p

o hn’ i” ’  1 in t i l e ’ p i . l ~ u I i c I ) I .t O u i ’ t , , tt tn t L’  t ’ v  ( to  t ’ ; t u l it  t ’ ; i t t t i )  t nei l\ 15 t let ’ t n , i X l t i t O t ) l  ~‘ , i l oe ’

PP 
P

,,f K in the l’t ’ i ’ ’ ,‘ , h i ’ F i  l~’ lOa lt ’s.

1 s t  il’. ile ’ ( , i t t e ’sh , i t t , t l ’ .  lii ’ fot ’ t i i t t l ;eS have’ bee’ t t  or .1 i c  lie ’huig t Ie ”. e ’t t i ps ’el t’t t t ’  a v. 1 t’ i, ’ t y

of jiI ,it,iit ii phi t ’ , m u u l e ’ t e ’ l ’ 5  t o  f i t t t s ’ t ie ’ i iH ci i I i t i l ( ’ , 01) 11 t O l  a ’ -  011111, , it t , i  ge o t i u ,eg t i t ’t i c  at ’ t iV l ( \ ’ .

So in t l  K i t o r t l e i l  ( l o l l ) , i rI’e ’tt ~lII’i ’i I, ant i thei’re’tt , , t t s h  I )t ’ I” , it ’~’5i (1 100) ’ )  lit”.’,’ til

de’veIeip ’tI ,,t t ,,I~ t i c  e ’ X p I ’ t ’ ’ ; S l ’ ’ t h 5  s ’F , I ui lI i Ie’ u t ’ el e ’Ut i i t ig o tt ’  ge~t i s y I l e ’ I lu ’ e ) t I t 0 t S  , ‘ l ls ’ i  t ’ eo ln iet i t .

( . t  i’t’e’tt a~~e h h ) e ’ h ” o t ’ e ’5( ( I  ‘t ’ ;tb) i t t  P 1  ‘~ ~ ‘~~1 ’ ’  I’ l i Ve ’ (h(” .’ i’it~P’~ 
1 i ’ i i l ’ . i ) l . I t ’ t  I

in ‘ . F h t I i ’ I l  the f i ,‘st [tou t ’  u i u e t t u i s ’ t t t  s si t ’ the dial u’iliut lu ll fun,’t Ion it 1 t e ’ o F ~,’. tu , ’li ,’ o t t e i e t s  c ut - hi t

I.,’ ,~ Xj l l ’ t ’S 5 t ’1 i  iii t t ’ r tt t s  of ,‘e1ui:it IetllS liuie’:i i’ itt ( d a i l y - u v e l ’ lge ’ c ii i t  , ,t td  v u  u’~ tug

e% tt t t ’ f l ; t il’,’ ;iuel ,,i e ’ l t l i u l i t l l ’ f lF t l I Y i t t  t o e ’ ;t I  f t  nut ’ , I I’

II”

- ‘ A



‘ “'“'‘ “' ~~~~~~~~~~~~~ ‘ .‘~~ “ - ‘ 5” “‘ “'“ “ - ~~~~~~~~~~~~~~ ~~~~~~~~~~ “ s-’ C” ’

~• I (:~ , I , i ’ ) (;e t o  /t ) f h t  + b  ,‘ i ts V’” ( i , ’l’ 4 t  I)
1 p ci  I p o I — ‘I I

( 2 )

4 b,, I’ t t S  ( ‘
~~ ( ( ‘ 1 ’  + tj ) ) )

F’, lit ’ i c ’

= ilisolielit I

• a , b , b , b,,  t • t . = fitted pal ’in ie’te ’rs .si 1 o 1 1

‘l’vpic.i l results ;i t ’ e ’ g l v e ’ r l  it t  i” igut ’(’ I~, .‘\ t t i a  jo t ’  ,i,hv ie t i t , i~~,’ of thus t i l e i t le ’ l  I s t i t . I t  a

two— Maxwe lliati (tlt;it is , this ’ sum of t a o  d i st i n c t  Pl ist ita c cu t l i po t i e ’ c i t s )  ‘ l ist t ’ ihttt ion

function can hue ’ de’ i’ivs’d eiii’e’ct lv f i ’o i t i  t i l e ’ d a t e .  Ko t i t ’ idi (pr lv.i t i’  t ’ t i t l h l t i i t l t i , ’ . it  to l l s )

is extending th u s l i loeie ’ I to (Ow e ’  t’ ult itetdes tend d t t t e ’  t ’e’t i t  t t i ( i t i l l i , ’S .

‘t he pt’ e’ v ioets t w o  ti ioeie l tv p’ ’s pt ’ ovbie’ 111,151 of t h e ’ ,hz i t a i h i t  eu’ , ’  it, ’e ’s le’ ,I t o  ç ’ u ’ e ’ ,t i ,  i

e ’livi r onn ient ;t l  e ’ f f e ’e ts  o t t  S p Ic e ’ sy  s t e ’ Ins, I to’.’, c ’’, c’ u’ , to f u l l y  i l l icit’ i ’st ,et id (h i , ’ e ’ f f e ’ , ’t a

of s p i ce svs t , ’ t u t s  cOt the’ e’ i t ’ . ’ t t ’of lhi is’ i i t ,  1 t ’udit i ie ’nt i i v  kt iow l e’ci ge ’ of his iw 111 th - t i i , i , i t ’

t.’ ont i 111111 1 nt s a itch ps’ ii t i t’b,et 1 t il ls cit t h e’ e’n vi t ’o i i ti le’ itt p t’ e) hiti g it t ’  iii t lie t it ,i g to ‘to 
~ 

th he ’ I t ’

i s i’e ’qui red. ‘l’hi us . st at i c models of the io ig tue ’ to sp he’ r e t ’ f ields pi~i~’ iii 1111(10 ii c u t
role in th u s i’ s’ ’.’ ie ’w . Unlike’ t h e’ preceding niode’ls , s’otis ide t’able’ cc t ’  ‘k I t t  s gone’ into

s tudy ing  scii ’h tiioe le’ls , so on ly  t e  Ce’ ’ .’ , rep t’est ’n t ;t t ive  e ’x e ntp le’s a’ ill I t t ’ g iv eat ti, it ’

(p ie t i st’ sc ’ e ’  r e v i e W  by I, a t ’  ret t ,  1019),

‘( ‘he’ most t~ ’~ t i s ’1i1 e ’xe i i i ~t It’ of s tat ic  f ie ld  m o d els is t h a t  t ie ’v t ’ Iiipe’ it I’’. ~e Ic t Iwa im i

(11 ) 72 )  iii conjunct ion  w i th  t i ue’  A l ’S— S ge ’osvne’hi t’ o iious th eta . Uv c t  t’ e ’l’ull , I lt ,s i’ .  515 of

th e’ da ta , MclIw;ui:i l ’ I i t lsth ’ i I ( ’t ,’ (i e’ ie’ e’t ric inch i t l t l gu i t ’ t i t ’ f t t ’ I t I  t t teucl i ’ ls thi et l t e ’t ’ t ’  c ’,Illili)it’

of u. e’p t’odue’ing t h e’ obse’ t ’vecl s 1 ie ’ s ’t t’ ,, . Sonic t’ e ’s t t l t s eif hi ts t ini ly sus for t\ p1 ,‘ , t  I

ele’ctr on atid ion t l ’ i ,je’ s ’ t o t ’ i e ’ ~ in h u t s  model f ie lds  t i c ’ gi v e ’ui  il l I” i gut ’ e ’n IOa ,iiutl lOb .

M ini’ ‘ . ‘; t i ’ i ;tt ions e’x lst  din NIcI lw t i n ’ ii nuode ’i. i’ iiig itlg f i ’ o t t t  the e l  tI ’ .’  nt oetc ’ls  of

K.ev tnag ii e’ t il (I t iG Ht , l(oede’re t’ intl Itones (1970) , to ~\ ~lke ’ m ’ imish Nj ’ .’e ’1~ e,ii ( I I I  ,‘ S
‘1’ lie m i  jo t’ c l i f fs’ m’s’ t ie’s ’ he’t we ’  e’n iuio st t f  the ’ se’ f lu e sic ’ Is is (lie’ e x t  s’t t t . e’ : t t t  i ts ’  mit t if I t ie ’

plisni t inje’ e’t ion ,‘v i ’n t ( i’i e’e ’ i’ , ’ ’ .’ it ’W h K j ve ’ I i - ieu t i  t ’ t ,eI , I I I  ‘ t i ) .  ‘(‘ lie ’ i’e ’Sii litt l e t t i  of th it s
pt’ob le’ni ts de’pendent on wt i i it  role’ tht’ t t t  s i t e t  h i d  t , , t i s i s 1 , t t , ’  t ’ t t ’ pI,t~~t it t s , ’ t h t ’ e ’ e ’s  ~lity,
t t u d  is st i l l  unele’ i’ s t u dy .

‘l’hie ’ ,S t h l t lt ’ t uto i ie’ Is  of t h e’ pI i s t i i t s p iiei’ t ’ shi v  ide ’ i t i t c i  t a o  p t ’ t l t t ’j p ; i i  t ’ a t e ’g o t ’ i e ’s :

it tiei sp his’t ’ ic ’ e i i f f t t s i e u i i  atid P,X Ii di’ ift . ( ‘it;tppe’lI e’ t ml ( 111 ,0) , t t i s t , to  ,, iesss ’t ’  ,‘x te ’ t i t ,

Vt e t l f  ( I  I)’~’O ) ,tt ic l ( ‘he’mi ( I  9~’t) ) mttc ie he ’l this ’ sIt ’ i1’t~ cit 1 i ; t t ’ t i c ’ le ’ s iii t l t e ’ Iti,i,S t l i t O h i h t , ’ I’ e ’ III 1

s i ut t i l t  r f ;is ltto,i to Mc ’l l t i ’ t i t i—th i it is . by I1\ P ci t ’ i ft . C ~t i i e ’ t ’ s s i t e ’ i t  t o ‘ \ I l pe ’ u ’ , l l l i i  ,it i,h

‘t ’hs iniis ( 1 0 1 , 4 ) , Se ’iittt ik ,m ti , t \\‘ a lke’t ’ ( lOt i lt ) , tu tu ‘iI , mv  I’ e .t II ( 1 11 , 2) t i t t t t is ’ I t i t e ’ apse

t i i f l’e ts lo t i  ‘ It  t , t t t , t s t i l t i ’ t ’ t i ’ 1t i i ’ t  Ie ’ Ie’~ it i to  I t t t ’  e ’ ’ so i i p tle ’ m ’ e ’  ti u t , i  t i I , i S t l F i l S h ) h I e ’ t ’e ’ . t ( e ’ , ’ e ’ tu t Iv ,

I . t ’ n t i i t ’  toi l S, ’ t t  t ’ t ’ i ’ t ’  111 + ,’ ) )  , t t t , i  I ‘ 1 1 t h  i d ii ( 1 1 1  li i lii’,,’ ( l i ’ It l i t t l ’ i ’ li ~
, ‘ t t i t ) t ’ e ’ t i e ’ u t s i v i ’

i t i , ’ , Ie ’ It- i  in t h i t , -s I i i t , ’ u ’  i- e t , ’g~’ m ’ v Ii’.’ I t s i t i g  , t  ,‘ , t I t  I s m , ,n l t ’ ,u ,u  k t t i e ’ t  I,’ t h te ’,’t ’v t e l  ,‘o l t ilt I i t , ’ t It, ’
i i i f t ’ e t s t i u m i  . l l e t t l g  t his’ F i , ’ l& I  I lt i e ’ c i t  ‘. , t t ’ l O i I t - u  , ‘ t t I l s t  I t l i e ’ i l h i ’ i . 
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\ Ith’ ugl i t o ’ - ’ I ‘I’ Ill,’ t ’ f f e ut ’ t iii t i 1 , I g u l l - t s ’n~ ’ t t t ’ ‘ is ’ n mt t th e ’litig t i e s  gs t t le ’  t u t t i t  ~ t . it i t ’

1 ,1, 1 , , III Ills’ i ’ i ’ .~ “11 mg . i t t t s i t t t i t  ‘ it  t ie’t ,IlI( ’lt work oti t l t s ’  t i t i h e ’ -  c hs ’ h )e ’ t u she ’ Iut  t i e ’hi , lvi ,tt ’  oh

t I le ’ 1st’ , ’ , t ilt ’ t ’~~ ’. ‘I : 1  e ’ti’. 1 t’c ’ t i t m h e ’ t t t  hi,cs ,i~ip,,,i i’ i’,l, “pt ’~’ m t t , ’ .i ll’. , i~ ,ie’ ,hc ’t ’ s ’r ,lilsl

l Ions ’’ ’ 1 10,  ii s i t ,  ‘ ,‘ , ‘ ‘, ‘~l t h l I ~ t s p  ‘oIhiI, ’ t ’ th  Ihi,It i ’t ’ ,‘ t t i l e ’ h, ’ .i t i h l ’ e ’ S a t t I le ’  \ 1 0 — h i  11,11,1 Iu~
, l a S i I l t i O L  . 1 ‘ ‘ ( ‘ I t  h~ t h , ’ (c t  i i’’ ,hi ’I ~~~~~ a thi , ’ h t  t he ’’. S iht i , ’ t ’i I l hF it l S e l I  .1 t I t t h e ’ ‘ . , l h ’ ’ .  t ug ,‘l~’,’t t ’ i l ’

F u , ’I,t , ,‘niI’~ ’t i i ’ l1t ,  “ m n h l,l l’ l’ ,  , “ t i m i t t ~ i ’t ,il ( I° , h , , 1° F t ~ , 11 1 , 1+) II ;,- ,: .5 t i t f l s ’ ‘. s l ’ ’ . it i g

,‘ ,‘t i ’ , ,’ , ( h I lt  ,‘ h i ’ ,’ t h ’ h , ’ [ic ’ l,I h’ st t , ’tu t i ,l l ,‘t ,it t t e , ’ \ t t l l . l l i , h— ~’- t e ’ t ’ t I  t ’ . h t , ’ ( L ) h i ’ i  e ’t ,II, Itt I  ‘ 1 -

0 \ h~~ ‘Ill t 
2;: I~ O t t

s’. I

1 1’ l~’,’ i l I i i i i c ’ t i - p t ’ ri,I , ’t i , ’ t ’ (0 ,et t i i h , I : i m 1 t it  I

hi t’ ,tdi ,el , Ih : - t , i 11, ’ i’ f t ’ t ’to  e,ei’t li

,u:i ,l \ Is t ,t k t ’t t  to  his’ c i t
. 

t h e ’ f c t t ’ t i t  U t’ t ’htsi’.’, sk~ hItch ‘hie’ti , 111 h i )

et , t i- I hi

e l  — 0. l a O  t\ i 0. 000 K - I’
Ii

\ ‘ ‘a e h l i l t t l g  ,m iiipc ’l., ‘ t t . m g t i , ’ t t c  f ie’ lt i , Smith ‘‘t e l ( l O O m , l O F t . 1 0,  ‘ ‘~ I ’ h ’ ,’s h i i c ’t ’si ‘I

‘ ‘h, ’ pl~tst i i t f lci i i  ,‘lit i t le ’t h ‘‘ ( ‘c uii\’ c’ e’t ue it i  ,,t \I~ig lhe ’t l lsph ie ’m ’ i ~ ’ i ‘.i l’t lc l i ’5 iii

h I : , ’ -  \ . l l” ,  itig I ,li ’ ,’t ri, h” n’l,l.

F i, t’ i t t , i I  t l h s t l is ’ ls Is ’ h’ t ’ s t l ’ s ’ i isst ’,h ,t t ’ e’ (hit ’ e h, ’t;iil,’li t h i i ’ t ’ t ’ , I l l Ot ’ i i ’ ’t , iit,,l, ( t I t l e ’ -

.1 , p ” i , j i ’ t l t  :, i,h, ’Is s i t ’ th e’ hiuc i ’ I t i u v e ’ t’ su t ~ g t’oitp itt idt ’i’ hi. \ . Vt o(f . ‘hi e ’mi ( I t t  ‘01,

Vt , ‘lt e l  ‘I ‘ (1) & ‘h ~~’ti ,e t ’ ith \\ t it f  1 ( It ,’ 2) , _I;i ggu ,iiiei Vt s ilt ’ ( I ll , , F t , Vt tilt’ ( 1 0 , 1) , e nd tool’s ’

1’ , ’ , ’ i ’li t I” ‘-‘, ‘ut bh s ’ .  ,t ,,,I 11 0 ,’ , 1 
~~~~~~ lI,i n I  e’t ,ul ( I  9’~’ FF )  ,it ’ ,’ t ’ e ’ I i l ’ e ’ s t ’i tt h t I’ .’’ ,tt ’ l It, ’ h ii,’e ’

is at ’ s . I lt i ’ po ’  t t t i s it ig  t u m . m & ; t i e ’ tc ispt ii ’t ’ is ’ t t t e ichs ’ ls , thue ’~ ,‘ .m l,’ m h l , lte ’ ( lie ’ p.h h’t I, ’ le ’ ,it ’ it t s  end

t O , ’ t’ ,’su t l t t t ig  i ’ t t , ’ , t n  c i i i  t Ile ’ i’ls ’c’t Ii,’ ,ttisi tnagt ie ’t i~’ h’ Ie ’l,I~ Iti a ,e ’ I f — , ’t iti si~~t e ’tit t’ , ’ s h te , t t i .

t I le ’ Ilis ’s ’ i’ t ’ ’ i ihlts F , ’ t ’  (lie’ ti i ,igt ie’tosp hiet ’ e ’ (,t . m u ’ c e  a m ~~t V, silf , 10 ’  ~t ,it~ h t I le ’

p h s~ . t  l i i”  p1 mi - i ’ ,’ t L  ‘ hi, ’ti .s t i c i Vt ~it t ,  11172 ) ,I It ’ } t t ’ I’ Ss ’ t i t e ’ li I t t  t ’ ’ Ic i h l ’ i’ ’s II m , I Iii . , it i , i  I I

t t l  ~~t l’Iit ’ i l L , 1 ’  t i , ’s’ . ( lie ’ ( i I , I’ _ i i i , m  ‘‘ ( o h s ’’ off f u’~i t t e  ( lie ’ p1 l ’ i t t t , t sp I l t ’I’e ’ . ‘5 5  t b h t s

piit ’ t i~t t i t , ’ti t t’ ,’hil’ i’s, ’ t i t i -
~ 

,t t , ’nS l ihe ’ c ’ t i , l m i i s t I t  t s ’i ’ Ill, ’ Ph,iiIIii,i shitl, ’ i’ s ’ , It 11l, i’ .  ~~ ut itpt ’i’t i t it

f s ’ m ’  ,‘ , m l,’ i tl. it i~iuis si t ’ ,‘t it i t , I t )t it i~itit l ife ’ ( i t i t e ’ s  ill t I l l s  i’ i’+ h , ’li.
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1- ’ igu c’t’ lie. ‘I’htc’ l)istort ion cii the ’ h’l i$ni,hht ,iihst~ ,it ‘5 ,i t’ious li nit ’s h ’ ol Is”.’, utig ,e
i’ ,t ctst m’ of 2 1 1e ’ s ’ m’ s ’ .I Sc ’ in the 1’srnvs’ctieun 1- ’ ee ’hl ,et ‘l’ u i i t s ’ t ~- 0 i,t,’hs’n ansi Vt olf,
lIt ,’ 2 )

,i InIer ii’t iuu ~ItNIelj n~

\losie’ling 01’ P t’etlis ’t ion of inte t ’actloius w i t h  the’ lsiw — ens’ i’gv pltestu,i cmlvi i’o iums ’lu t

is t’ g,”. t~le ’d ti s’ ni slnv ,t s sv tid ily t i loets ‘ .‘ , i t  Ii spa ee ’c c’ ieft ,‘hi,e i’ging. ‘i’h ’ i’e ’f ~ t’ e ’ , t it sts t  of

the ’ chisc ’etssis un iii tltt~ Sc ’ ,‘t it it i iS colic ’s ’ t ’ ns’&i ii’ j t hi e’ti i’t’e nt c’f fs ) r(s ,e( niocleliug the’
,,‘h,e mg itig ptus’muonieil~i ,e t u , t re lated problems ~iic hi ,i s s’enuta niifltnt effects . In this’ ls imig

t t ’ l iii , hictw e ’’.’e’ I’ . this ’ p m’es hic ’tion eu s ’t tV i rsinnis’ntal e’ffe’cts will p t’~ balilv he t t l s t  t ’ t ’

e’ tnt i,’ ,e I. ‘(‘hits , the’ f t  11,11 p~e t ’t t iC t h i s sect  iomm hrie’fl~’ re ’’. ic ’W s the work chone’ iii t hits
,e t ’ t ’ ,i (LI ,i,ite ’. 

-
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“l’I,’ t ’ t ’ t ’ m t t  s ’hl c t ’gutig is . s l t t tp lv , (h ue ’ c~ ’i nlt ig to ,‘ m i t t l i l i t’u i t t t i  ,‘f l i e ’ ,,‘ihi’ i’ s ’ i tt ’. I,’
(iii’ S F i s , ’ t ’ ,’i’,itt S ih  1- 1. 1, ’ ,’ :

- ‘t
o i :  ~ ,I + ‘t l ’h l  • ~t

\
t 1) t I )

ci !i,~ I’ ,-

t t t s ’ is it ’t i t  i I i~t (  ‘alt  i,’ i l t’t ’ s ’ t t t ,

I ‘ t h I s ’ tsh , ’t lt i d t t i  t i ll’ t ’i’ t it

= s, ’ ,’ ,it i,Ia I”, t ’l’ ’ ,’t t’ s ’ t t  c i l t ’ t ’ e ’ t i t  c h i t , ’ t O  1,1115 ,

- , st ’~’~itid,i I’’,’ t ’lt’ c ’t t’ t ’ t h s ’ i b t ’ t ’ ,’t i t sh i,’ It ’ t ’ls’s’t t i nt s ,01

h’ ,s, ’ks, ’ ,,t I, ’ red s l e et I_ lilt c’ii t ’ t ’ s ’tit ,

i ’l l  
= phitu t e.ue ’le ’ct roll t’ut ’ I ’s ’Itt 1 “ e ’  l’ s ’ ‘ .Vhus ’ll 1 sil h’t

i~ s hi,ccio’.t,ec t ) ,

— tii l u s t s  t (‘U t ’i’ s’ t l t s ,m nd oths’ t ’ Ot i s  t’s ’llatit’oitS ,‘u n l’c ’hit S
(ti c ) t’t iite ll’s’ a ssunis’d to be’ :s ’ no in simp le’ s’ ,i lc ’u l ,it  ions) .

All of this ’ cut l’t’s’t i t s i t ’ s ’ complex func’t uditis of sp_ it ’s’c i’aft pots ’ntuti l, this ’ s i t  i ’ I lit  t ’

p lus  ~n,m sh Is ’ith (this’ t’ t ’g ion ove ’ t’ w hj c’hu this ’ satellite’ pc’ rtut’bs t hus’ a utt’ut ’tit mc ’disin’. 1,
t is ’ s i t  e l I  its ’ ni , i t e ’ z’u;dls , ,enc h this ’ phi’.’sic,i 1 st t ’t tct i t  h’ s ’ of thus ’ s ,t t  e ’ll i te ’. 5, ’ ’ . , ’ t’ .s I ntotle ’ls

Vt huipp le . 1965; Uott’,weU et ;‘ .‘5 • ‘ 5977  I .i~ r.s niti, ‘ 15, ’  .1 tl () 1’ t’ol~cips ’tikc ’, I t ,’ ,’ ;
h’ ,i t’ ke ‘• I 7; ,tt id t’t’fe t’ s ’ t hc ,’ s  t hus ’u’ej ii) s ’,i tn’’. t i t t t  f ;uj x ’ lv t he ’(,iils’d c t 1~ ’iIl,Itu,ulis s if (hi s ’
p c  ~~~~~~~~~~ l’,l~ c ’ctol’is ’s t t i  the’ ‘.‘tt’ltiltv of ,t s, i t e ’Ilits’, ~il1owitig si t t t t t l , m t i~it ts  ,‘t ’ (hi , ’ shi e ’,it hu
,lt )t h dil’fe ’ i’e’t it ic l  p t m t e ’llti,els, “ 5 ‘. ‘ ,~ t’ ictv tuf simp le ’ sit ig ls ’ p01111 (so’ ‘‘ ( luck shis ’ ,t hi ’’ )
niods’ls ,i Iso ,‘x is t  w h ich t h o w  Iii ~eppt’oxit i iate c ’ ,hIs ’ i t l t i t iotu at this ’ c’qui libt’tet m pote n—

t e l  ,it a s I ’as ’ e ’,’I’ . h t ’ t (se ’s ’ Gai ’ rett  ,uu,h hluhit . 1 07 0 , .sltd t’e’I’et ’et iccs this’i’ein 1. ‘l’hese’
tiiode’ ls h o v e ’ hecti extended by tlue’ inclusion tiC equiv;elent t’ e’sist ,inces ‘itud c’~epa c u —
t . i t ic s ’~ t lnottve’ , 1976; ~cl;’,s~~’, 1”.’. c’t al, 197 7; c~auntt. 1979) to ;ectutellv allow thus’

~ ttiiulitj sin of the time’ response of s.lte ’Ilu(e’s to change’s iti thus’ anuhiet it pa u’t icls’ tend
photon envi t ’otunicnt .

In all of thue above’ , the’ detailed shape of this’ shueFit hu a m’oct nd the sp,ucs ’ —

c i’ hift is not calculable’ s’xcs’pt lot’ sOUls’ m’;uthe t’ simple geomet t’ie ’5 . hle’ce’nt lv ,
Ito’.’. s’ve t’ , ,i de’ taule’d compeit~ r code’ capable ~if siniulating te complex satellite, in—
t’lusting booms .end shiteciow iiug , has bce ’mu developed (Katz e’t .ul, 1 l~7 9) . ‘l’hie’ t’e’su lts
from oti,’ of these ’ ca lculations is presented in Fi gure  12 whit’ re the pote’ntitels ,i rciiitid
.i oitui ii l,itiotu of this’ SI,’ :~ l’lL”5 satellite ,h re plotted. ‘l’lus’ code is cii i’i’e’ntl utidc’ i’—

going intensive ~‘ohiipa t’ iso m i with data from laboratory e’xpe’rinie’nts ;et td front t he
S(,’/tT ll.\ satellite’ . It is planned that in the’ next e’ ,t i’ the’ pl’Og i’.uni  w i l l  bs’ s t t f f i cuc ’t i t —

lv re’Ii,ihlt’ te) aecti m ’ Fhtc1~’ modt’ l t h e’ dive’ rst’ e’ffec’ts cii Spac’s’ c’ i’aft cbs rging.
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i ug  it i’s’ 1 2 , ‘ote’titi,il & ‘otttsuit rs f~i t’ Sutilit ‘,e se ’ m
1 Io ni ,‘0111.11 Plane’ 1’ht’oug hi (hue “t~ ‘ \ l’lt,’5 Satc’ llite’(‘emits ’ t’ . (‘ontou m’s ,t t’ s’ ut 500 V st e ’ps (t hue’ Iii it i i iii elh ii
15 — ‘: ~~~ ‘5’ ) I” roni Sc htmiems ’lls ’ s t ,el t 1 11 : 9 )

I~ Ithis’ ij t i e . l  ,i 
~l~ ’~’t ~ Of the’ Sii,is’t ’ s’ t’,eft c’ha m’gumug [)hie’noms’non ~i t (  (lie s’ft’s’ct s

,.‘ont,t niin,unt ~ ,ifllj this’ e ’fh ~‘s ’( 5 sit disc hte m’gs’s. Sul is ’ s ’ utiseil ,e(0 1 5  te nd (ci c’ 1,1 t’gs’ (0

st ifle’ rent pot e’ntua ls (hu,iu’e (hue’ s ,ute ’ l luts ’ ,l5 ,e w h ole’, it is pt issi l’ls’ t o ge ’t p m’ s’fs’ i’s’ntia l
ds’p ositisun s iC contaniinatit ions sun suciu  s’ nil t c , e l  sit t ’f ,ucs ’s as optic ’tu l 5s’t iScit ’ s ,tt id

st il i t ’  ce ll s’si’. e’ t’s ( S t ’ s ’ (‘ .euf ft iuan , 1 9 , ’ $ , lot’ ~i II,I lv 515 o~ s’sitit ti mumiat us ’ti I’ ll e ’s~ , I ike ’—
ii uS e ’ • e t’ t’ i tig due’ (0 di fCc rs’nt ize 1 chu te u’g itig is a pp.e remit lv iv i’ll slos’unietits ’d F u gilt ’ s’ 1 ~ 1,

A lthuoug ti the’ actu,el a I’citug p roes’s s it ~e’lt’ is peso m’ lv kt iowmi , f,i i m’ lv sop h u e s t  is ’~e( c ’,l
tt tc ic ls ’l~ ,‘xus t sit’ (lie’ s ’ f f c ’s ’t s of this’ t’s’su lttent s’le’ct m’ s ’m ii ;eg mus ’ti ~‘ pu lSe’ ( ‘tI lnshc’l , 19,’ , ’ ),
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Figure 13, A t’c —disc ha rge Rate .’ and I’ Iiotoc’Iect rOt h (‘ iU’I’ t ’  hit
Density as F’. l”uric’tion of I .oc ,cI Time’ 1)uring Ecl ipse ’ I ‘. ,ss. ig i ’ .The dep t’e s sio tm in th Is’ photoe lec t ron  ,‘u t’ rent  fo l lowing “, ‘I u} ’ s t ’
phi 5 sage.’ is a result of sp,e ccc  t h e f t  elite ~‘ging assoc iated  -c ill i
substot’ni inj &’ct iomu e’vc ’tt t. ‘l’hus the i~ic I’t’ ,C Se ’ ij (hi sc li, i I’~~t ’
t’ , m t i ’  is bs,’lj c ’ve.’d t~’ Ii,,’ t’e’l,ited It ’  gc ’s ’ l : t ,sg t ; s ’ t i s  .sc ’ t tv i tv , I’’ I’s ’ O hShzt’.v Vt hI! ( 1 9 , 6 )

s thit ’ c’mlss~on of photot’lcctt ’ot is cot tid be a psit t’IItIFIlIv imps’ t ’th hut SO iL h ’ 0 ci i’
,,‘,lIIt ,lI;;lfl,it lOZl tend h a s  a slgnlf l5- . i t h t  iflhp~ect  till c ’h i,i I’gitlg , ;t t ’ t ’ t s ’f ‘cv i , -” . i s in ,‘l’del’.
A lthioitgh the p t ’oce’ss of photoi’t th i  SSlohi Ii~e S h)t ’c’t l ‘.vc II itndc t’stood Si tic ’s ’ I h O S t s ’ ill’ s
o t’iginal paps’ i’ • this’ ac tua l  e.’nhlssion ‘ i t  s ’s for sate ’ ll itt’ 10.11 c ’ ~‘i.i Is , s t ’ s ’ , ill I’ t’ ~s t ’t h e, ’ .
not we ll known.  (I i’ard ( 1 t~7 3) hots ni , t ihs ’ ten extet lsive’ ana lys is  of si ic ’Ii ( ‘ i t t ’ l tii ’. t ’f l ,h.
His I’,’sults for  common ma te  rials a nc’ p t’s ’ss ’tite.’d in l’ab ls’ 1. 1. .m t’ t’ c’tt ,miid hiilbil)
( 1117 8) ,end Ga t’rctt tend l)el”orcst (19 7 Oa 1 h;eve’ ; it t s ’ nipted by j ut’ c ,  is ing lv too t ’ e’
sophist lch ltt ’c h t b t c ’tt i ’ ies to predict the ef f ects of a v,i t ’vit ig Phlotoe ’lel’t I’on flux . -\

typical result is given in 1” igu t’,.’ II denioust t’;iting 110W th t c ’  sats’llit c pots ’nttal  c ,et)
t’v ii’. 10 kV in hI matter of a mimttc ’. ‘\s p nt ’’ .- iosis lv (lisc’utsss’d, the’ s ’sc , ipe’ i’,itc ’

t ,e i’t opposed to emission rate’ ) for  photoe’Icct i’ons mpps ’ ,s t ’s to  be’ 0. 4 i, \ / ct i i , ,s
numbe r la r’ge r on tiuc Iverage thati that of the ambient flux of elec’( t’ot is ,it gs ’ o—
svnc ht’onous orbit (Ga rrett, 10 77 ) . ‘Flue’ e’ff e ,’t of sitch i flut~ t’s f t ’otn l,i i’ge’ Sp it ’s’structures on t he environment h a s  not hee’ti t,’a lcitl.itcd.

Sate llites a i’e known to gene i ’t e t e ’ wt ’.kc’ s (Pa i’ke r, 11177) that in turn could
gene rate waves in the magnetosphc inc phi s ma. ‘l’hie’ Ia t’gs’ space st l ’ t t c ’t it I’e’S cit h’ t’ s ’tut —

ly planned could generate sign i f i can t  ‘.v;i’.’e d i s t i i rban 5’t’s thi;ut might lead to itist,ihilft is’s

25
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iii t o ’ ’ lii’.’. I ’ !  i’ ’i ’~’, V l I t’ ’ . t ! i . ,  i’ll’, i i i  i i i t t t i ’ t i t , Pa i-k ,’ e’ (I 1 , 7 1  ~en d l) t t th g lhis e.’t h , l  ( 1 1 1 7 7 )

li v , - ., h’ ,’ - i t i , ’ , ’ t l  situp l t’ . I , i i h i’ lS  of t h t e s  pheriollie.’hioli. I ‘in s ’x ~~i ts p1s’ . in Doug 1;~s s t  hi!

( 1 ’ ’~’ i ’ , t h e’ ‘ . ‘ . , i ’ .  i ’s ,il’’’ t ’t i ’ .’ iSh,iI ii ’il ,,s i t it i ’ i ’~~t ’ h11sg i h I lt  t i t s ’  sh i ’ Uct uh’ e itself (tht it is ,

t h i s ’  ~it l ’  n s , ,il) , ls ’ ,s i l s r i g  ill Slime (‘ h O S t ’ S  t i l  I’c ’ S s l I i, , t i i ’ i’ be.’t’.veet i th uc ,’ st ructure’ and th i t ’

~\ Ii(ttht,’ t’ SOt ,tL ’ t,’ i ’ ’  ‘ I ,‘ , it t t  b i  t I t l I l . it iot)  is th e.’ ti i hdit ioti s t f  Fe r ’goru h ind  othie.’ t’ hOlilze.’d go s t ’ s

f t - i t t ,  ‘ ‘ x t s - t i — i iv s ’  spht ~ ’ ’  c i p c ’ t ’ : s t i s o i s. ‘s rt to ds ’ l Of tt r’gon e’lliissioti in the io tiosp hi et ’ic

( hi ni, ,hn , s , f ’ ,’ , it i i ’ t ’d h’, l,uhilli,i1iI1 ~‘t o h ( 1 5 7 8 )  ht ~,s e l i- ,’ .,ihv het ’t i Ilt eIit iOlis’d. ltt’ieflv ,
- 31 -‘ , - 3 )

— I. ‘‘ - 10 ‘ ‘ 51’ h Ills (conipti t’ s ’d wi th — 4  ‘ 10 att ih i ic’t it  uet is hit tebout ‘iOO ktn ) ,tne, ’
,‘ n h i t t ’ I  is ,e s s i l , s  i’ powe_’t ’  s ,s t , ’hl it i’  ~ lsic ’ .’lv spirals out to geosvnchii’otious orbit, ‘l’lie

a ‘~~‘ iii lu llS t’ e. ’quit ’e t e  co t ’ t ’ s ’s~ 1o11di1Ig c h i t  It’ l l  popult itioti Cut’ cha t’ge neutt ’ ,,lut~

t i t he 11’, , the hue ,ivv at ’gotu ions sit ik h ic k  into this ’ iotiosp hic’ nt,’. As ins uff ie’ietit

I t’ , c i  - s s g i ’ l t  0 ItS  i ’x L st to t’ s’p lhi ci’ the ts t ’gcIi, t l x v g i -’n is drawn upwat’ds , giv ing th IC

hit ’ hl.iV I’ ’  n i lLUStrh lt s ’ (h in h- ’igut’e ~i .

\ , , t i t h  r’a k (1 15 77 , 1 179 ) p t ’ esc t t t e ,’d a simp le model of thue le;ekage of ic’ut i’tel

p,
~ 

t’t i ~‘li’s iti the m;sgnetosp hic re. Depend ing ott t h e  t’otistittti’nt, iOtuiZt lt iOhi rates citi
the iii’dct’ of hours to c ,hte vs cou ld t’csthl t in the slow buildup tef a neutral g:ss ring

fo l lowed , ‘it equi l ib t ’ ium , b thie addit ioti of chi ;e t’ged pte rt icles to the pite s 1 i l . i sb lee t

f lu iw . A s  (his’ ‘hssed iii \‘ondrttk (1 157 0) , t he total mass  flow rate for’ the.’ p ! s s i t t ~i sheet

is s,nlv on the sit ’d s , ’ t ’  of I. 2 kg /sec .  ‘I’he tert i ficit i ) addi t ion of cha rged phlrt ic le ’s due

to  ion tbii’uste i’s ;end /o t’ ns’ut z’al gas ring (a ith subsequent ionization) could s’qutt l

or be g m’e ;hte ’ r  in rnhlgnit ihde tli;tn thus flow t’ate, Ns ’ det;eiled models for t h i s ’ s ’f t ’ i 5 ’ ts

on the.’ au I ’ o I ’ h h l  (p I . ist i t h ishie. ’et  1 (iotllhiin vet  e xist . h iow cve I’.

‘I’ st i le 1. Phiotoe.’le ’ct t’ot i Em ission (,‘ huti I’. s c ’t , ’ t’ istics of \‘ ar ious Spte c c ’c t ’ t e f t  “.!ati’t’i;ils
1, - s i’d , J 1 7

I’ lc ’s ’t l’eili S,s t t t t ’ : e t i on  5.s t t i t ’ h l t i l i t l  Cu i’t’e’tit
\\ ‘ ot’k I- ’ thnction ( i t  t ’ t ’et it  , l)ensj t’.-

~‘.I , i t s ’ I ’ h , ’ 1 ( “V I  ( l0 ’2 / s e s ’ !n2 ) (f ~ a/ n i 2 )

- \ lc inb inum Oxide,’ 3 , 11 260 4 2

Itidium ( )xids’ 4 . Il 100 30
( o ld 4 , 0 180 2 11

O t s h t i l , ’ss Stc ’ , ’l 4 ,4 120 20

\qu . is i : s c 4 .13 1 IC) 18
I,j I  ‘n - ‘ s i t  4 ,4 90

It t ’ i ’ i ’ i I s t - i t’bon 4 , 8 tO 13

L 1 , 1 -  phi t t t ’  4 . 7 4
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5, 3 Mapielosphleri (’ Pred ictiomi s

The preceding two sections outlined the status of models of the plasma environ-
ment  and of the various types  of in te rac t ions . Since the purpose of this report is
the s ta tus  of p red ic t ions , the  review cannot be complete w i thou t  a descr ip t ion  of the
relevant models used for predic t ing  the environmental  parameters needed to esti-

mate low energy particle interactions. These models fall into three areas:

predictions of magnetospheric , magnetic, and electric field; direct predictions of
ambient plasma parameters; and prediction~ of geomagnetic indices. The use of

r ea l - t ime  in s i tu  data is discussed in a later section.

Considering the availability and sophistication of magnetic field models (Olsen
and Pf i tzer , 1979), it is possible to make a reasonable approximation to these

fields.  Unfortunately, most magnetic field models are either for  quiet periods or
dependent on or a~ . earth-based indices. Likewise, thie e lec t r ic  f ield models .
such as that of Eq. (3), are all based on geomagnetic indices.  (~ iven  the f ie lds  by
any of these predictive methods or by ac tua l  in situ m e a s u r e m e n t s , l ine could in

principle predict the evolution of the p lasma fluxes in t i m e  m d  s p i c e ’ . i s ing the
stat ic or t ime-dependent  models discussed previously. o n ,  t h i  f 1’ , x , - - ~ i t ’,’ known .
the interactions can be predicted.
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:\ hth it t st g hi ti e p m e t ’s’ ihimig t s ’ , ’ t i t u j i 1 t t e ’  is pm’ohiahlv this ’ Iliost si j , ’ m i t  i t  i, te l l i ’  ii e ’ t ’ ’ i ’ , i h i h c’

t i ie t t i ea l  i t ,  t t  t ih los i  s ,e , , ‘ t t s i , s i e ’ i i t  ~fc ’~’ e ’ le ih it i is ’ i i t  t if c pt’s’ uh!~’tj ot i  h s t ’ ,i,’e ’ hit’e ii ’ t h e ’

t it t ihie ’t i t  I Iii’~i’s , it  ,h,ie’s ti ot t i  ~‘,‘ s’ ’s s t i m ’ t I v Ct -i ’ - , l h t ’ e ’ tI’ ’ ’’ i tt ’ t i t e ’  ~it ’ e ’ m1 je ’ t i e i m i s . ‘ Iii, ’ ‘lii’,’ , 5

ç ’ t ’ e ’ihhs ’t  toil i ii ) i lFi s t i i t t  ( i t i t ’ t e t i l c ’ t t ’ t ’ s  is to  lie’ n’ e ’ fe t ’ m ’ei  I c it  t i io i le ’h! imug st i t ( ’ I I it t ’
i t i ts ’ t i , ’) uit ts  tis this ’ t i itt iuhi ,’ I’ iii e s s u t u p t i c i t i s  ( tht i t  is . liFe m’t ic ’le thri f t ,  pa m’t ic le l ii t ise ’S ,
e t c.  ) at ’ ,’ -iigm iif is ’t sn t l v t’ c’ t hems ’e’d. ‘\ g F I i t i , h t t i W e ’v e ’  I’ , Sot t ie  i i i e ’ h e t i S  t i t l i s t  lit ’ s l e’v i sed  to

ih e ’ ts ’ m’tiiilus ’ this’ state ’ of the i t i he gm i e to s ) i l h , ’ ‘c ’ . h’ i’s ’t i i tt thi s ’  t h e se’ of t his ’  s t t i e ~ile ’st tiie.itjs ’ l,
tli,it of ( ‘hit imi et tel  ( Il l  ) , stet l ie itiput is t’equi t ’ec h to te’ll luow ofte mi to itse’ th is ’ hii g ht m i t ’
low pt’ tuf i ls ’. ‘l’Iis’ t itode ls of 1~u ,e t usl  Kiie ‘ ed ! ( 1 1 5  7 )  t t m uch C ; e  t ’t ’ c ’t t  t t t i t l l)s ’h” ot ’c ’st (1  9791i)

hotti m’e i ; i m t  t ’e ’ kt i i iw le’ s h ge’ of K e l m’  0 , ‘C s  v , ’I • I his ’m’e is t isi  w t l v  ‘‘ i im ’ t ’ihie ’t ~,~(‘ i’ —

sviichit’one.ius Pit iStl i t i  Pt) t ’ i t i i s ’ te m’s I t’eitii imitc ’t ’ p lt eb t e t e ri hit ) m ’ t l tue ’ te  i’s ,

l’hts ’ following i tu th ic t t t c ’ s  th i t i t  no niatts ’m’ alit’ i t ’ t itus ’ s t e  rts , this ’ prc’dit ’t ici mu of ge’o —
mnt egmi c ’ t i e.’ itudict’s is thus ’ p t ’it t i t i  m’~ tiiea m is suf cls ’ te ’ t ’ i h t i t u i t t g  s ptece ’ s’t ’ t iit  inls ’ m ’ t i c t  i e i t t s . Iii
t,l,’t , as  itidis ’t e t s ’ et  iii h ’ i ~~u it ’ s’ 3 lot’ thus ’ rate’ of ’ F t ’ t ’ t t i g  Inch in l’ ’ Igut m ’e I ‘~ fom ’ th is ’  s’ e.’ l!pss’
pot t ’tu ttt i l  s m i  .- \ ‘ l ’ S— ~ , i tus l ‘5 l ’S-6 , it t i i t t y  Ii, ’ possib le’ to dii’t’ s’t lv ~it ’ e ’ eh j s ’t s e t , ’ !) its’ imute ’m ’-
Icti tit is  ft ’ s it iu g m’ot tmi d — t i e s e ’ s h indies’s . ‘l’tie prt’thie.’t ion of gs ’ot t t t i gt i e t i , ’ im i e h i c ’es of

cc i t t  m ’s , ’  de ’ I ic ’miehs pt ’ it iitit’ i lv d m 1  pe m’s istetu cs ’ o t ’  sti lt m’ w imu c i pa r t c t u t e ts ’ m ’ s . A v u  i’ietv of
st iic his’s h i ,e  V t ’ sciuig hit te i  co m’t ’ c’ ltite this ’ v a  i’ious nis ’te set  m’ s’d st i l t)  m’ wind pa t ’t inic’te i’s , sitc ’hi
is  v e ’ loc ’ it v  , dc ’i is itv . t e t i i p e t ’ t t t u t ’ e , t t t td t i iagttc ’t !c fj e ’ ld , w i t h  geotu iagt ie t i s ’ t i s ’ t i v i t v

IS, ’ h i , ml ten cmiii \\ ils’ox , I 06 ; Iltellif (‘t :il, h~~6’ ,’ hh it ’s h ih iem ’g iti, h i_ ’eilhit t ’t i , I e69

\ t’t iedt i ’,’ , ) 1 1  I; I’’ eis te ’t ’  e’t el , III’,’ 1; Kane , 1072 ; Gti t’i’e ’tt , 11)74; G te t ’ t ’ s’tt (1 e l , 10~ 4 ;
l)oht’civ , Ii i t ) . ‘l’hic ’s e ’ pt ’ s ’v ’ioiis ‘tt itdis’s s ’s u t is ’ ent t ’ teted 

~~~~~~~ nih’ ott e.’~~i’t’ s ’ I t it ie imis w i t h
K , I )s t .  ,iiic l “ 5 I’ , ‘sli t ’ xt i miip ls’ sif this ’ im1e ’ i~i i e s ’ v of siic ’hi t iuocht ’ ls is i l l itst t’ t its ’cl iii

1’’ iget t ’s ’ lii f rom ( t i  m’m’et t e’t til (1117-0 . ‘slos h se t hseqi t s ’ t ut  Stit ( i i t’S htevs ’ t ’ssi ’t it hel1~ t’c

fim is’sI t tis ’ss’ s ’te t’ly studis’s sc ’s ’ lot’ e’xtim iip lc’ , t t’ t’e tt et til, 197 Oti) .  Met m’ s’ m’ e s ’e mit
ptipe’t’s h i t sc ’ ih  s itu stni ilti t ’ pt’echict is it i  ‘ic ’hit’t iit’s F i t ’ s ’ th i c ise ’ oh’ ~ te i)ci (1117 9) ; ~, ‘l ots ’ t’ hind

t~.l,’ l’lie t ’ m ’ et t i  ( I~l h i ) , , imim l Ivs ’ t i ieum ’ i  aims) Maeci te 1 1 17 1 ) ) . It would he.’ huops’ t l t lt,et s ’vs ’ t i tet tc llv
1 st m’omig S01,1 m’ iv! tush — lii teg t ietsis pIts’ t’i c p1 a 5 iii p t’c’d is ~t is iii s s ’ t ie’ miii’ wsiet Ish ,els ,t hit ’ to t  it itt ,

hut es v ci t his lutis miot hiappemied .
‘ I ’ hms ’ ,‘t ,t ie ’lii~ iot i e e l  till th is ’ pm’ t’ e ’s’ ihit ig studies is that si gni f i e ’ t i t i t  ,‘ ,i i ’t ’ela t it tm is ,hsi

e’ x t s t  ies ’ tw , ’ e ’ mt  i t t e ’ t s s t t t ’ e’ ,h s i i l t i t ’  w i t t i h  i~tmanl it it’~ Omit ) I his’ ge s emii ag m us ’ t ie ’ v ’ t u m ’ i t i t  to ils e) i )S’ t’i ’ i’s’ ,i

t imi bout’ to ,e tea hours latei’ . It st i l l  m ’ e mt ia j m m s I m’ue . however , t ha t  ~iem’sis t e m i s ’e

(t hat is , if a is ,e givs ’mu va lue now it iv ill hit ’ this ’ st i tue in te mi hustit m’) 15 h e ti iuis ’ht bt’tts’ m’
I)t’ s’die.’tO t’ iii tin’ ti tuis’ I’amigs ’ of 0 to 10 hotit’s t luamt iltt ~ ’ of the stilt) t’ wind qutim ut it tes
se t ftc r studis’d (Ga i’ m’ett s ’t a 1, 11)’; ha) ,  ‘l’hus • iii o rel s’ m’ to p rs’die.’t spa es’ s’ i’a ft i mitt ’ m’ —

s t  i e i t i  s cv ithi tiny degree.t suf confidence it pt’c’semit , F) e’t eta ! g i’oumid — ha ss’cl nueti sit t’e —

mmis ’nts (iii lieu of itt s i tu solo m’ wind ms’a su i’eius’nts) t’emnain thus ’ timot4 t p i’euf itte h lt’
pred ic t  idol ~ s’htc ’itie. It i’s’mains to his’ tls’te m’mu(nesl , his iwevs ’ m’ , whuat t h e ’ ‘‘best ’’

gs’om iuseg net m e ’ ~~h i’t i nts’te m’ is ici ,~ t i  given  in te  i’ ;ic t iot i pt ’ s )s ’s’8S.
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F’igu m’e (6. Relationshi p Between Various Soltit ’
Wind Parameters and Geomagnetic Activity as
Measured by tip (Garrett et al , 1974). ~ B >
is the southward component of this’ interp Iam~eta ry
magnetic field in solar magnetospher ic components ,
V the solar wind velocit y , and a the magnetic
field v tu t ’iance
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:t , I Rcprescuihmt i~e I’~ieaiuple

In Gte r’m’e’tt s’l sit ( 197 It t )  emu s-’xp lici t e’xa nip le’ e f  t itit proct’thiz’s’s out lined ehovs ’
hti s been We) t’ke’d out. A Itbistug h it is iii it i ,its’nde’e) ),i i’s’pt’a h I lie pape I’ hue ’ i ’ s’ , I lie
gent’ t ’aI p t ’oe.’s ’ du I’S’S out! itu,’eI in t h u ;s t ptipt’ i’ dt’niomist i’ t et s ’ a t ypical p m’obh’ni erich solu —
tion in predicting Spae.’s’ e’ m’ tc ft imute t’ae’t isins. I” i’eim i u that st andpoint . t h e  fimishings of
the’ ~itsps’ r cc’!!! bs’ br ’u’f !~ ’ r ’e ’vls ’wt ’d.

A ti itiipo t’t itit P t’cihls’ni iti sp.e c - c ’ ,’ m e  ft chi c t ’g t t t g  is hI t s ’ prediction of the ’ s ’xt i’ et u us ’
potc ’ rut i t c I st t ’ s ’ ss es ltks’l to he’ s’ mu s ’oututs ’ red. As this’ Its i’gest measu reel Iueuts’mitia Is
h i v e ’ been obsez’vs’d between th e’ A’l’~ - ~ amid - ‘s ‘ l’s — ti gs ’ c usv  i ichi ’onous satellite’ s do m’iiug
s’s’lipss’ PF~~~4tIMt’ . t hie ’ss ’ stt e tt i  r’ep t’ess’nt te useful st a ru ng point for estinu atimu g extr eme
peetei t tial s’ffs’ e’ts (in i’t’;elitv, thus’ szutel lits’ to sptcc ’s’ pot enti a l during ecli pse n t t e y  we ll
he ,c t u  ,e s’s’u i’;ett’ i’s’f ls ’e.’tioii ,if the miit exi ncei m n ehjff &’ t’s’ntial pot t ’mutials between two s’lec —

t ric e liv isoia ts ’d ,s i iz ’f ; ie ’t’s —on.’ that is sli ;ccl owc’ci send omu e that is i l lumuuina t s ’d) ,  im u
G,s i’m’ t ’tt s’t te l ( 1 1) 7 l i i ) ,  thi s ’ eclipse’ potc’tit i;els for’ sevs’n eclipse seasons of A T S — 5
timid A’ l’S—ti we i’s’ et c t ’efetllv measured timid plotted is a function of K~ . These results
one ’ plotted in l”igit t’e 15 ts s t ’ieist’th clots w ith error’ h i t  m’s . This plot obviously serves

e s  1 s litiphs’ p i’s’dietivs’ model.
‘l’wo t ’hi,e rging ttu c ’ti m’is ’s we i’o advans ’ed liv 1, te r’t ’ett s ’t al ( 1979a) to exp ltci t i  the

t’ h a  rg i mug phenome.’nsumu hzu ss’vI t it t  a mhie’nt plo s ma pa m’a niete r’s. The simplest was
ha st ’e h ott the fo i’nu uI;,

/q ~~~~ ‘ — K I ln (,l h ’ O ” 10 .1 
~

vc’hs’

q elect conic eli t e m’ge’ .

‘C’ = s;utellit s ’ psets’ntise! in volts,

‘I’ , = c’lt’ct m’on to ’nup e r’ ;ut u i’s’ ,

‘~ i~:o ;et’ith )j C rit elect r~ n current .

= .unibis nt ion e.’u r rent,

K h4oltzmann ~ e.’ons tt ufl t.

I ,i ks ’w iss ’ , t wo irioe.lel s of the environment wet ’s’ adv anced , One’ w;es  based on

,s t t t t  j s t i t ’ ,e I t abul ;mt io ns of T
e • ~ F0~ 

sine ) versu s K ,  and this ’ other was basetl s u i t  lit’
i t .  r i t i t ion of this’ distribution function at — 0130 iOe ’ i l  time with K~ (based on the’
nucus he’! ds’~~ ribed in Eq. (2) and plotted in h”igure 9). ~~~ two envi z’otuniemu tal m odels.
hs,th keys’d to K~ . ii’s’ i’ t’ ths’n combined withu tile potential prediction codes to s’sti —

t i t h e ’ tile potential t ss  a function of K
Li* The’ results a r’c plotted in l”igu i’s ’ I S and

rep m’cs.’nt good tig i’eement betwe en t hes i i’v a rid ei) is ’r’c ’ at ion.

:40 



-- - - ‘

4

4, I’i II HF KESE ,tltCll

I ‘si ns i d e  ring thist potential itt i pot’tatuce’ e)f titeidt ’ l s te l i t ite ’ m e  c’t ions hiel ce’eefl s le , i  s e ’  —

c ’ t a f t  tsrud this ’ s’nvit’onnient . it is a sigiuifit ’ t e mit f m  s t  t Iitet univ t t t  this,’ l i s t  2 i t t ’ i v e t )  i’s
htivs’ tcttet iipts been made to e ccu t a t  e’lv defiiis’ this ’ te iiihietut lei iv — emit’ t’gy plo st i ite
e’iivi ronnuciut. lu  rths’ t’, it Ii;t~ bt’s,’ri otilv Since ’ t lie t’ee,’e’ti t 1,iutit ’hi of t Its ’ St ‘ -‘5 1’) I ‘C
sate’ llite’ that .em iv significant ;ettetiupt hut s h’t ’e’n t iut ide’ t o cl i i m ’ t e etc t ’ iz c ’ this ’ i til e ’ t m  ct lo ts
p t ’t )t ’e ’ssVS . Thus , it is tiot difficult to hind t tu s i tmv it t t ed s ’q ita cic ’&s itt t Its ’ pt’ e ’sc ’t t t  s t a t s ’
of spa s ’ & ’ c ’ raft / t ’t ’iv i i’oiuiiieiut int e t ’Fect iori pi’c’d ictioit.

Su t’p i’isinglv , nius,’ht m h hm t , m  e h i - s’x is( t i~ this ’  lou’ — sol e i’g v t ie, I i ’ — c, ,  i rtti 5 t h  i t’ s i t i ’ -
tiis’mit — t h e t a  t huut tire’ u’si I i his’ s’ ,~’ph s i i t e ’,h te ) e t t i  g m ’ c ’at degree. ‘t his ’ geosvt is ’hut ’otuous
Si m’b it is , dii i t his’ whuols’, q Lti t s ’  sids’q itat& ’Iv c’tii ’t’ rs ’il Fe t ic ) , a’ it Ii inst t ’ u l t i h t ’ t i ts s ’ m) i . m t i l e ’
th etIs em ring iottic contpositi.tun atud f ield tiligt’ied t’luixe s o~ C,; ~ is 1, ~; h:t 15 11, etul
SCA’l’ hL~. this region should soon be we’ l l i t t c l v ’zed. ‘l’hie’ pi’uble’tn us still, hion eve i’ .
how best to cha t’acte ri-ic thUs rapidly v su i’y ing re’ginie lot’ t ’s ’tel —time p t’e’dis,’t iomus , iti
Ga ri’ett et ~1 (19 7 9b). ds et t e fronu ATS—t i arid this’ geosvius ’hit’onous satellite 1976 —0 5 1)A
a i’ s’ conipai’ed, ‘I’he 197 5 —0 59A retui’ns in t’eal time t lie t’Is’ t ’t t ’ott f luxs’~ h’i’e~ tt 30 ks’\’
t o 300 keV (Ihighie et at, 197 th) ,  ‘I bis inlot ’mi ihi l  sot appears sede’q uahe lot’ pm’s ’dis ’t i t t g
this’ current state of I hue nhagtuetcus phet’s’ (iii gh i s ’  s’ t al , 11)7) ) ; Ha ke r’ s’t oh. 1 ) 7 1 1)  1s t (t ie ’
degree miet ’e ’ss ti i ’v to prs’clit ’t apti ,‘s ’t ’t ’ i f t  s ’ h i t e t ’ m~itig. ‘I’htits , set s ’hu real t i t i t e  t ileasuim’s’ —
nie muts t ii Iv 5) f t ’(’i’ one I’suSSj hIs’ sei hu tt  10th he)  I Its ’ p t ’ e s t i 5 ’t itut i pi’tuhls’to I , e n gt ’ e i s c ’ t i m ’ t i  t ’ i i i u m i i t S
orbit (Se’s’ also i homupson ;-itie l Ses ’a t e , I 171 11 , t his ’ is sue lot ’ t i c s ’  p l t e s m t i Fs s ) i h u e t ’ c ’  ,t t o l
rus’ar -ea m’t ht h u g h latitude region is mit)) OS c t t ’ t i  n - i ’ t i t . ‘C htlitii ighi s i t fh ’ie ’ie mt t  s h t i t t t  a t i t u t u m ’
ent ly s ’x iS ts  for th is’ equatoi’ial çutasmscspht ’u’e’ Iii m ’ tuiu st i’Uc ’t t ils’su mi iiig fit l Sl it is) is ’ s )
n’code(s , deve lopnient a i n  this a r’ea li ii’s ’ no t  hs’s’mi l’eer t  hs’oni i tug. Rs’cetut Iv , a t i’s ’ —

menc lous amount of data for detal led st tidies iii t h e  (ow enei’gv pail ic’ ls ’ fluixs ’s at  It ig hi
latitudes ha s  hee’onie avai lable ur’omui I he S 3 — 2 . 53 — i , and this ’ 5’ he’ c ’t i’e)Sl at i s ’ ai m ! vie’ m’ s
on t he OMS P satell ites (Burke s’t at , 1979) , II is hops’ sl t hat t h i s  data base cci  II soon mita ks’
possible significant advances in our understatuding of this region. The [)MSI1 pitotos
may ultimately provide a real tinuc meth od of e’v.e loot i mig rapid its n ations in this
region, as I976-059A may fo i’ geos y neh rons nis orb it .  l,ikewise , !SEE-3 and
OPEN-~’s may allow real time solar wind monitoring U’auf fman, 1979) .

l” rom a user standpoint it is of critical impom-’t5ine’e thuut tec s ’ um t’ ,ste stsut istj ca(
models be available in the future If any long term fl’uissisin planning Is to h, s’sc i’i’ied
out. Likewise , the user will need adequate models of the interaction phe’ntunis’na
involved. Further, little progress can be made imu the fumtuc’s’ in pre’dis’t imug for this’
disc t ’ a1)t ics’c raft/environment interactions if thi’ requii red pa rtims’ts’ l’s ,irs’ )iti knsuwih.
It dos’s little good to provide detailed lnfoi’mseti(,n ott thus,’ eims’ t’gv flux if this ’ t r ite ’
action process is dependent on number flux. tlnfo i’ti inats’lv , this ’ higgs ’st gap iii tlu.s
aresu is in spacecraft material i’s’sponse funs’t ic imis . s’t ltbieeut g hi mu st &‘onside’ m’s’s) in thus

t i
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m’ e’pot ’t . un t i l it is i’t ’~~t t lvt’e1 , t h e ’ t it i l% pa t ’t of this ’ sI1~s cc ’ m ’ t ’ t c f t / i t i t m ’t ’t ect it i t is I)t’ciI) ic’tli

thu d ii c’ s I t u  ,ec ’ c u i i ’ a t s ’ l v  te t t is ’k is this’ itiihiis ’iit s h i e d ’s’ s ’t t i ’ i t ’ c , ’ n t t i s ’ t i t  ,e r i sb its pe ’rt ii m’htd~~imis .

I’ t’ e’s lic,’ ets’d situ t his’ follow imtg it ,epps’ e i ’s t h a t  fut it  cc ‘ c ’ s c m  m’ s’Ii sht e i e i ld hit ’ - 
~t i’e ’cted

in this ’ following ti ituit i  e i ’ e’ te s:

h)e’fit iiiig uiu a s t ,e tu s t i c ,c I  se ’ mu s c ’ t his’ ,et i i h t s ’ t it  e ’ t iv i  m’ t i i it iu ’t it h i e s s ’ m i  diii uset’  i’s ’ —

quii m’ e-’mt te ’ r i t  s ( pu  m’t icula rh~’ the ne ’Fe m’ — c’a rib pit esnuses p hu’ cc’ end it h u g h l e t  ituehe’s) .

2. lie civ ii’cg tet usu lyt ictil expressions ii i’ ef f is ’ ic ’nt t hi i’ s ’ e— th ms” m i s i on e l  tiiods’l s

1st ,c t  is ’ send time —ds’ps’ns le ’ mm t ) capable of siniulating niFegmls’tosphs t’~s’ V i  m’i et is it iS for’

iiipitt i rits i imite i’th ctioti iitods’ling p rug rsint s.

1. - ‘55 it s’U i’i’s’flt lv ti pps’tc l’s t hiat p cccl i c’tiotis ha set) on t ’a ci hi — ha ss’sI sit ’ sol e m’ iv i mid

pa m’e n ie t e ’  t’s w ill not tipp i’o,s cli this’ cc s ’c t i’ uc ’v c f  in sitet t i is ’ t e s ii rs’ms’nts . s’x ptutisls ’d real

time’ , in situ measuti’ s’nie’mut s miiust be’ tiiads’ .

4. \ s ~ ci f icatiori of pa r’tic he ’ dr i f t  thut’o t’v so t hat st el is’ tot ’  Ii nis’—de’ps’ iueis’tut 1

tiisit lt’is s ’F i ii he’ e t sed  to s’xts ’nd t~leasti i’enis’iits ti iteds’ iii liiTiite’d C) i’bittu I t’ c ’g iomus t s i

ot he i’ i ’egmd utts .

~
‘C . Refinement of o u r  ha si c ’ dind5’ r’staiidirig s i f  I mite m’action phe’nonis’nti.

In this’ next fe ’ uc ye te  m’s . niscj ot’ steps will he’ made in all thess’ c t ’ s ’ )  s Active’

s’ xps’ i’inus’tmts such as h t  i’ium r’s’lea st’s timid js )i mit St ‘A ‘I’ll A / G h’~, )5 he’~i m p m’opttg it toil

studis’s iii thie’ m’e ’ta gmus’tosp he m’ s’ should g t’ s’tc t lv i nip rove out’ ability to It ’ ,e cc ’ s’otutt i t i i i f l t i t i t

s’loiids. 1 ,i kew is.’. th is ’ Loiug liii cation Exposui t’e I”a ci i its’ (1,1 )E I”) sh ould p t’tuv imis’

j u t  pci r’t tutu t iii f t u i’mtt at i curl c iii this ’ I omig t e’ ciii ci I’s’s ’ Is ci f t hue tow i m’otumit s’nt . SuPPOrt of this ’

A h”/ h)oI ) c ’eutitiiiiiilj t s hms iult h bs’ g iVs ’tt to  p i ’Ot s’ e ’ t S  sutt ’hi as these , as thus ’ i ’ pm’o mtu ist ’

it ~~i t t s ’ eh l8 te ’ . pr’ac ’ t i s ’a h m ’c’t i i r i i t -c fromii ss ’ ie ’ t it  Sli m ’ ,‘sti,eh j s ’~ .

~., (:oN(:LUsH)~

lit this m’ev is ’w this’ p i’s’sent state of spacec cteft I cmlvi coni’mis’ nt ti lts’ m ’ t u s ’t iomis mitods’ liiug

tend prc’dis’tion e s it pe m’ttt ins tsi the lois’ (‘us’ t ’gv pltis ma cmii i i’onnit’mut t i e ~ hes’mi coi’ c ’ ‘ed.

Ss’vs’ t’al i ssutes have’ been u’tu iss’el iii s’techi su f thus ’ ma jii a i’e’tus: nuodt’limig of this ’ mnteo ’ —
as’tioii pi’ocs’ss , nioels’ling thue e’miv i t’onniemit , and p i’s’dicting this’ t’utu i’s’ st ,e t t ’ of the’

magtit ’ts)sphe m’s’ (arid. hmenct ’ , I hue magnitude’ of thus ’ inte i’scc t iomt ) . - ‘s s tts ,iit hd lie ’ Feppti rent

t his’ st e tus  of this’ tiioshching effo mis Is st i l l  soti iewhuat i’udimentse cv; this ’ tuiost sus ’c’css —

fsil s’ffo m’t s iv. ’ m’ s ’ t hus’ slevs’lopnie’mit of static niods’ls of this’ nttugmis’tosp hic m’ s ’. this ’ least

“eti s ’s’s’ss fcml iS’ S’ l’s’ this,’ s,hs’t s’ i’ntiiutt iou e)f moats ’ i’isih m’espoiiss’S. ‘Flit’ role of th is ’ use’ i’ hues

lists li ed little 1s t do in  ds’ts’ u’ntining thus ’ i’e’st’t i ccli I i’e’tuds itt th is c r es s as it lutes omilv

~‘ommi pa u’sct ive lv i’s’centlv been ct’alizeei t hutch spec s ’ s’ u’ te ft I s’ttviu’ontiient imi ts ’ t a  c ’t tot is

ice ’ m’ s’ e f  t’ s ’,e I imiipoi’ttiiics’ . As ilie)re’ eniphia Si s iS ~
)la s’s’d on cisc’ t’ tie’eds • hiowt’ve u’, ire’

shocmisl s’Xpee’t t i shift t s mo m’ s’ bte sj  s’ mmteis hel s e m f this ’ c ’tt i ’~ romintent (t hat is , ot , et tsl t s’;e l

mses he’ht’s like t h ose ’ cii this ’ i’adiatism cmii i r’otunicnt 1. I’ lii msitelv , hisiweve’ i’ . th u i’s’s’ —

di iuie’nsisit isil , t i h is’ —els’penels’iit iits~is,’ls will be nt ’s ’ essa  m’ v if a ~‘stnip ls’tt ’ cinde’ m’st em is ht mig

is c hest re’s). In this ’ huts’ m’ini, iii sit it . re ’ ,  I h u t s ’  titsiiiito m’iuug t ppe’ts m’s to lie’ this ’ tinly

pi nts Oil.’ s e th Illicit),
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