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Spacecraft Potential Cakulaf ions — A Model

1. I \ ‘ I ’ ROI)L (:110 \

The ca l l  t i u n  of the fl  t - n t L l  on a s a t e l l i t I -  immersed  in a plasma i 1- , - t  I

a d i f ~ i L - lI1 t  problem. In p a i - t i c i l . i- , t h e  ( : c n r l t E - p r ed i c t i o n  of the  o t I - n t l l on a

spo c ’ c X  t in t l i , -  sp~~cc- nE i t -onn ient  r equ i res i l t ~ n: t - l v  t h e  s i n : u l t a n t c ’u u s  c~~1u : l l nt 1 o : i

of Ba - ; . t I I s  of - 11 cha r - g e l  par t i c l e s  in the  v i c in i ty  of t i l e  spac cc  i t .  In p r inc i p l e

t h i s  iS I - — i t t - , in p1’ ct i c t ’  it is not feasible and a - - I i-ietv of t - c l i n i q -  S haE -e been
- 1 2 3 4  -

I e E - E - l I l p e l to sini p lif v tlio- ~~ lI I 1 1E -f l i.  ‘ ‘ ‘ A l t i t i e c i : capable  of a f _ i t - b  d e L I c t I :

t r ’- t : n ’ -nt  f I lt h  in t ime  a n - I  ~~~~C - , t ) u t - s e  models a re  l i m i t e d  in usefulness  as t h y-

requi re  large~ ~~~~~~~~~~ of computer  t i m e  or do 1 it i n d i n - I t -  ll  of the  v ar i ou s  e

so u rc es  necessa ry  to s in ,  i l :n t i -  t h e  d i l . i r g i n f l  phenon e: - n. This c t -p  ct will  present

an : p p r o x in o L tc solution to the problem t i i . t v i i i I —  spaceci-  ct p i o ) t - n t i . ls by in k i n g

o s s u m pt i u n s  that  are equit -a lent  to the  ‘t h ick  -dn - t h ’’ probe sIIlut ilIn for a sp her~
Thoug h si i i i l ar  no L- ls  have  cl’ l l O - v I - b ; l I  ~,

3 6 . . 8 000e I C  j t sClu l c i  t h e  c t n 1

measured spcctr .~ in the i r  calc il t i ,  ‘ns .  The model n - I  I - I  di l i l A  \ l i s t ings  tsc -E -

A ppen dix  A n - I  B) to be I , ’sc r i b e d  in th i s  report usc- C - t i l l A 1 S — 5  - n i  AT s — 6  I t _ I

and - r e  n - I  pIl l f rom m , -t l i o -  is  I l r l g l n ll v - I C  vc-lop~ - I h ’ \V hipp le n i l  Del-
( 5 ( - (  Re fe rence s  I an -I  I . I The n - 1 . l imi ted  s n - n  h i t  in i t s  I - mgi-  of . p p l i c f- l I i t \

( R , - m - i v e l l i l l -  publ ic  t i o n  4 ~i I i v  1I’78 1
( 1 ) - c i t i s t -  of U 1 , -  I a r g ~- n u m b e r  of r i - f l - r I - f i t - I- s  c i ted ~ t o ~ ~~, IflI ‘ u I  ~ 1 IIC h U t  ‘- h e r ’ .

~~~ - -  I A - f - i a - n , : - 1’ ig~- 25 lia r H ’d er - n r -s I t I l I l I t I C h  I L )

- —-~~~~~~~~ ~~~~~~~~~~ - —-~~ -- -p -~~~~~~ —- --— ~~~~~~~~~~~~---_~~~~~~~~~~~-
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01 — 1 0 , 000 V and plasma ~-:n~~~- I -  - t . r - - -  ~~ 0 50 e~ -~n t  30 so- t .~
S ing~ in comput er h o:. ,- over rn-or .~ ( l a t r ~~1i( t.- - -

in the first part : tn i ~~ report to --  or.~,1el ~~i11~~~~fo~~ ~~~~ C , t n ~ - ~rs i t v i ! -~.~~1

- - o -  ‘~~ sourc es 5r e ~~r- ?-1,,- :L t , - :  ‘01 l ,ro~no ,ti , ,oT 1, 5~~~~~ CI t 1 - l r  ot ‘t I - f l i t ? -  t.rCLt’ .li

— ‘ -0  , t _ fl~
i - C ~~~~ - m p1ia~ tsiJj be U , C .1- 1,’- t ifl ,I 0)Co thC ffl0(J(.1 l~ ,.-~~~~ st~i- :-. t r . - ::- ‘ - o f

m~ ~~~~~~~ f l e f i r -  0*~~AS &-gs~ Ig-orj i-neI-~ ri - ,f -j  t i m . - — -. r-. L~~k r i ’ - -~ 
.-I -  t r -  i

:1 .x on spacecraft : - : t ~ -: t I  A. In ~~ppendii A. t~ - list tI.i- I ‘R T I t \ \  : ai r
for the rtna j er nez- to the foA l , a brief 1 , . 0 -~~~~ -,L1, of - i - - t i - . t a -  r -  ,~~ A l . ’ C L  in tpm.-ri -
L L X  B.

2 ~kP1WI, IUR ~ILL %TIO ~

In s,,l~ ir~~ the h o c - -n raft cE. rr ,nai or- - IA- :.. n~-e re P:- ,rgc.-r o. - : o -ft n the 
— ft o-at . - -otial 0 s_ c L  to

J - .1 J 1 . ~~1;-.e~
” .J~~~) =  0 U,

J a e . r . - -~ et~- e ti- - :  
C

a I a - r-,’~ C~~~~i

= -cott -i a rn - - : - ~~~~~~ - - - - - !cetro o c u r — -a~ ‘J~ e to

-‘tecon~t~r’v - -m i t t - - e1e~tron ear r emit Ju e to - - .

Ra ck sc~~~-~r’.1 ~~~~~ ~~~~~~~~~~~~ 

J = Pliot - - --’i- . o’ - mL S 1 , i O C .  ‘ L C L :  - n a-ot ol - or . ; .ph - e

(;:-.~~r the incident ioyn -and - - E - - n ~~- o-ri pa rticle -o- - -- t r  ~~, the cu rre nt s 
T~~1- Il.

j  - - are found ,.mt -b , -i~ ~st.1 I by -.a1r s-In ~ I) on t0p- 1,: ’.c0cr~~~t ot i f  :co . ~~~ i-nil 1.[be - - - - - -

~ri - - x - r  o A -  of the o Ae-A tion of ~~~ c - - - - --~~ - . n ’a,~ : r  t o -  e,II(, ”- i C L i . ItI C
A Xl-T~- 

- -
. of .- le -  tm-  a ,  0 , r - ’ . - c r  f~ i-- t--rn ia l Cs . : ~~-

~~~etL - i~~~~~~ie C - t m - ’. -~~

I , . ~~ ‘ C T
= ~~~‘ f  ~‘. B. = —  I— J  ‘2 ’j0 5, e T
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C

‘ “ ‘- c I t  -a- ra- r ’.ce 10 b r  - t A - . I 
~~~~~~ is ,-q u~~l t  - J ,  t ,  a . - - ot

=
1- I, - -

I potenti_ !, . — - r n  ‘n - i a  .t x:-. . - l IL ,r ~ ls tm - i .t i a , i _ o . - 2 t i s - x - _ t .  I ,oc_ . - .
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I - o r  a p o s i t i v e  I)otebitial (q~~<O)  the result  is more comp licated

= J ~~ ‘~~~~~
‘ I V ’ )  V’ 2d V

00 -q~~/kT
= J 1/2  e e f ( V ’)  V ’

3 dv ’  ( Gb )
( 2 J ~~~ )

= <N i - ’> ( i + . i . ~ J~)
eo k T e

or , conver t ing to cu r r en t

-q~~/kT~
J e qi~ >0

Je~~~ 
eo

~eo ( 1 ~~~<0 - ( 7 )

At this point it should  he noted tha t  l I f .  (5)  is not en t i r e l y ‘ - @ i ’P ‘-t .  In fact , F r 1 . (7

i nd ica te s  that  as T-~0 , for qo <0 , J(~~) -‘~~~ . The cause of th i s  er ror  is t h a t  in Eq. ( 5)

the  - le t a i l e d  dis t r ibut ion func t ion  F (V • V ) , for 1 ( V ) , should have h e e n i  usedx y z
(see A ppendix B). Along a particle t r aj ec to ry ,  1.io uvl l le ’ s th e nr - i - -  st i l l  i- n)  Is ,

F(X , Y , 7 , V • V , V ) = F ’ (X ’ , V . Z’ , V ( op V ( b) , V ( 0 ) )  • 
(~~ ‘ Ix y z y z

w h e r e  F’ is the detai led (l i st r ihut ion func t ion  at the  su r face  of the s a t e l l i t e .  t~ I-~ is

i so t rop ic, F’ is not in general  isotropic except i~~ an approx inn a t ion . F u r t h e r . ‘1 :’-

in tegra t ion  of F’ , as in Eq. (6) , is e x t r em e l y  ( I i f f i cu l t  for now the v e l o c i t ie s  V
~~. 

V .
and V are related to V , V • and V by complex formulas . In our ii- odel , rd-z x y z -

n i z i n g  that  E q. (5)  is i n h e r e n t l y inaccura te , we wi l l  nonetheless  assume I t l e a  Is to
a p p r o x im a t e ly  correct  resul ts  ( that  is , it ~‘iel Is the  ce~~u l t s  for  a t h i c k  ~1Ne a t h l ,

Eventua l l y, we wi l l  test  th is  a s sumpt ion  by compar ing  predict ions  of the i - :  n h - I  w i t h

actual  data.  
•

A ssuming  Eq. (5) to hold , this  impl ies  that  the  d i s t r ibu t ion  funct ion ‘:-easured
at en e r gy  I- at 0 potent ial  is sh i f ted  in en e r  by ± - q o 1  dep ending  on the  sign  of the
charge  and the  satellite no t i -n i t i a l . Figure  1 i l lustrates  t h i s  behavior  for a I \ l ax t ve l l i an
(l is t rihut ion as - - : i s ur e - I  at the spacecraft. . Equating I- = 1/2 rn V 2 

d yes

- ,

N I-;) = (
~~-~~

‘ ) ( n 1 e ’ kT (8 1

10
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—Cl

h u n  ( r  ( I-: )) - u I I 1-n

a = - 1 1k I

1 / 2
h = Lu l O_

~~t_ I ~~~~~~ 1

h e - c  t h e  l i nea r  behavior  f Ln ( 1) vs  I .

— 
\
\ i i ~~i - i i - e  1 . l’ a r t i c l  )i ~~ t c d l I t i O n

l: a i : t i o r l  I ( a s s u r ’  n - I  I ,  be ,\ l : i x~~ , - l l i a : n )
- 

N vs I i - i _ - v  [ Fo r \ a r i n u s  ~ p : i - ~ - - - n - , f t
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- i n ’ n n s ~~ i - h r  Ia n -  —

I :  - I c  d i s t r ibu t ion  f l i n - t i I l n  is shi f ted  t o  l i - i -  I i - : )  he  i - n e r d - - i - i l  as sh ’n in  l-i iiure I -

‘ - I - t I d es -s j th  noel --:  l ess  t h a n  (10 - I n  I t  r ea , -h  t he  sn a - -ec r : i t .  - A n :  i t  u i - - I v , fo n- a
- ‘ I I - ’ - I n u s i t i - - n I  s f l a c n - c a t : ‘ n - t , - y t i a l  a o l  for  in t o  , - -I r o n s) , i- hP

I i - t : - : h t u t j n n  f u n -t i on  is shi t ’ - ’ l  to t I C  r i r l n t  he  m u - i - g e  qg . ~ i n n , i’ no - l : - t l c l e s  - x i - ~t
w i t h  I - : f l  l i t j - , t l v , ‘ ) l , - n o d i o n n  0 to ‘no i s  -:0( 1 of i - t i -  h - s .

( ;iven t he  a t on e r  i r ~le gr a t i on  l u - a i l s , i- h - n  ,h 1 , ‘f , - : i l - - - : l  i - i - l id

m i - I  ~~~ is  - n - f e c , -  I t o  -ep i ac i nc  f i l t h y  ‘01 
~~ r ’ f l  I . I I h hi  0)110 Lf l ~ s in ns

t : e  i r i I , -~- n - : i f i o n s  lea ( l in Li -  1, 1 1 
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n - I- n l a c e n -  c-nt , T’ ierelo ’- ’ , i v i t h i n  t l l e  a cc u r a cy  a ’ ’  lie m s s u 1~ i - , I i - a I f  I , 5 )

1- l U l ~~ I I , ~n t l \ , ‘ i n t h i c k  s l n i - a f I  l a l I ! h i - O X i O C I t i C l t l I , l a’s 1’ C I l l i l l  ‘ C O I l S  t — e f el - i -  i - h ’~ i - i - :- )
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T h u s , i t  is , - I l n i - v n n i e n : l  no  e x nr e s s  the  in t egr a l s  in t i - i - - i - a s o~ I m i l l l - ; - t l i e r t l ,n

I ( ‘m )  a 

The convers ion  f i n n -  f t o  ~~~~~ I S  n ’i\ - en  he

- I ( I - :F)  1 12  111
2 

- --ir 
~ 

( - ‘ a )

w h e r e  he - o r u ’ : e t - s i o n  i Co-tors  (K
e m d  K 1

) are , if f is n i ec e  i n  sec / kr : , I 

~1L’ in
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SECONDARY ELECTRON ENERGY 1ev)

Fi gure 2 , i-hi -e rgv Spec t runu  For Secondary 1-lec tm on s
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I l o Ir e  i - i - , m’ I o l u - l a c v  E l e c t r o n  \ i e l d  for 1 - i e c t n ’ , i - n  l a n ai - i -
‘iI \ E c - u o u n i - .
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a f t  t o  the  - , f 5  : r, ’s i ” - O -  l hi- \l - ’ b i i pp i e 1 ( a c e  F igure  4 )  i n d i l - - i n e _ - ’ l : a f  for i i  an 1l

r he cop ri- - r an ge  ‘‘I ; t i - t e u ’ e s t~~

( i-h = 0. ( ( i - i - I )  I - : 700  eV

5.  ~~~~n U l f l~~~~~ 7 0 0 ’ V ~~~~E < 1 0 5 eV , ( i T

- l b I t 1  S e ‘ , ,  ‘-s s ho tu  I I h ’ i i  ~~‘ - - I -i it ii n au t i  au .
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\ - , t n :  We  i n - n only  : n ( t ,— r - e a f n l  i n  t h e  e n er gy  rani ’c 0 i - n ’  85 keV in ‘ I l l s  — t t i - ’ l v . ~~a,
i l - t i l l - n i ‘Ir e ’-  t Iu t ’ ns  over  m t 100 ( e \  
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I - h g ur e  - 1 . Se c o n m I a t ’ ’ , -  I - h e c l n o n  \ ip l , l  ton ’ Ion I I I
liii - pact on A luoi m ulti-

1he t - ie l ( 1  ‘u n c t i o n  6 ( F )  for l it ’  i n - i - l e n t  i ons  a n - ’ t ’l e r t l I , r u s  IS s i - u h s f i i  i t t - - f  i n to

I I I .  ) 1 5 I  and  i u t e c r : i t e - I  u s in g  t i n e  ; m n m i - u c I I i - I m u ; , t e  ~ l : i f t t -  I \ ‘ a l l I e ~ to - l i - f a i n :  t h e

s e n o n i -  I -ar t ’  - j s sj on  m - u r r e n u t s  u lu e  Ii,  t I m e  p l eu ’t r o os  a n -  I i ons . ‘l v t i i  - m l i v , t h e  se con,i  —

n i - - v  ‘ - I - -  i s s i o n  u l u e  to t - i , - - t n ’ o n g  r e s l l l f s  i n  a I nm ’t -e n i f of ; t i - l p m l l x u n  au - b y  25 to 50 Ic t i - i -  i - if

t h a t  of I me i t i - u - j n l e n t  e le ct m o~ c t u r i - e t i - t  m m - l i - l i e  t l t e  se mi- l a m ’ , -  i - n : i ss i on  I : I e  t o  ions m e —

s u I ts  in  an e l e c t r on  cn u r i ’ e n t  CIPI ) o x i n i a t e l y  2 r I  3 t i : - - e —  t h a t  of i - l i e  - n u u - i - h e n u f  -o r u s .

\ s  w i l l  he I i s c v u s st ’ l s h o r t l - 1- , it mv~m s l u e u - e s s a m e  t o  a d ) l n s t  these t a l u c - s  t o o b t a i n

a c m - il - at e  e s t i n i ;m t e r  of t h t ’  l l , t ( n ( f u a i

5. u~ ( : K S ( ; \ l I I - l l l - l J  I:I,E(:IIw ~ ( :1 li I i I \ I

E o n -  e l i - i -  ‘ l e n t  I € -1 u i - c t -  f e - f e  I g i v i n g  t ’ i = e  to  1 ) 1 1 1  h a c s s m ’ C m t t f - l ’ m -  e l - - I r o n

“vu r r e n t  ‘ ‘ l i t -  h - ,I -k SI’ - l lt , l , ’  I -u c m - n i t  - l i i i ’  i - a  l or i s i s’ ’.e  I -v  s t a l l  and  i H . A i f h i - : i g h

— i i - -  p I t -  f i 1, . j , i 1~~ I I I  n I l l l u s u o t l a l  sc i - f e t i n g  s u P  ~ms : b u m i s c -  of ’ I 1 _ u i _ i - i l  are u a i - f u l  in

ii- ~( ~ : i ~ 
- ‘a ’  : 1 ’ ‘ i - I  r u  n t , - ‘Cn n : emI t : l l  m I m i c s  ‘or’ h a m h — -  h i - ’ ’ I O ’  I i S s i I i - a  f i oi- :

- t l n l I l - i l l ’ u m  ~n’c ai~~n , t a i h t h i e  -~~ t n : ’ I m ~~a . f ) ’ I - , t ’ i ’ .-- i- 1 L S  Cu -I C l t I t t ’ l )  n b l ” se

t I m  t h e  \ 1 s — T ’  a) . f l i n t  h _ e l ’  ‘a i - - n ’ -n t , \, i~~, _ b l  u A l  I 1’ I I I  _ l ~~’~~’ • - n - n - I , I S  s i m i l a r —  t o

t h a t  i - iv e n : ‘ I’m -I, ’I o t t - i l  I ’ : ’ -  I I - ~ - l - a  - .

I I - t~~~- -  u ’ ’ , I ,  I’ , ; 1 ‘ ( i D I — L ) 1  , l ,  t i m - - i- ’  t - - n u n I i  ld _ ‘ l u ’  a’ ) , -  t l - - n  i- e l m - - I  ‘a n - ~ h a
- - , m l i i i  I ‘ m l  \ i - ’ i n l ,  l ’h v  — m ,- - ‘

. i . ( 1 ’ S - h  i f l u ’ -CS - c u p  - l n I c of l j l l m v o ! t  I I ’
‘I :5, lie ’;. l i - i - - I - ,
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I - i g m n r ’ e  5, \ u i - -  , - t - o ’ a i l y , f m ’ l I u n - l n u l l -

~ I u . I 2 5 K - I l . i - 1 2 5  K 0 .8 ,

-0 . 7 2 5  N - 0 . 7 6 5  0 .6  ~ K �  0.8 ,

- 0. 05 N I )  30 0 . 4 � K � 0.6

- 0 . 5 K m - I I , 12 K 0 . 4 . ( 2 ( 1

(\ o lr-  ( ; u j c f  -

i- or a h ’ t n n i n u : - - , ‘ ,m- h , - n I i -  ( 1 ’ , F)  is s n l l u s i -  i f n u t e  I i n  j - h~ , ( l i - l i , Ci- m u l l - ’  C, ’ - 2 5  i - u e l ’ i i I I ’ or
f t m u t  h a l ks m t f c  m ’ l  - i n m i - ’ m ’ i i t  to  I ni - i Ie~~t c u m m e i n t  i s  - I l - t a  t I C I i n  - m ~ - t ’ e en ent  it i t O  t i t e r

i - s f  i _ i- - I t t - - ’

l : i - . ( ;ra t ’  I , H . . 1 . , l - - . t i , t t  , K . ,  a n mi ) ’- - l i - i - — -- ., -
~1 . ( 1 - 7 7 1  j i m , ’  m i - h  m~ - ’~ - - ’  i- i

‘ - l , - - t m n n  and — u t ’ r ’ o n , I : l m \ -  1 - l e l - f r oti I - n - i i g s m o n  on C I t - I - t e l l -  i i !  I n C n - a s i I  -
Ii P t ’  t i n  n : m - t - ~~~p l n ~~ n t -  I- l i - i l l  su i - i a r  mi m i - I , l 1 n , l t - , n -  a t i l I ’ : -  ¶ j c ~~~- i n n ’ , - m : u , - I i , r L a  w i t h

S i I i - u , I nt l n i  ~ i m - u - - € - . ~, ~~~. 
( , t ’ ~~ t ’ i  ( I  ~. I ) . l h ’ i I I ( ’ l  I ’ n l n k a l n i n i g  i - - ’ ,

I n  - u I, I I n l i a -  . ( ‘ P  16:1 — 181 ,

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



05 I T T ~~~F J ~~~T

0 4 —  -

Fi gure  5 . (hu’ ap h of 11 (F ’ . ID P I - . As

~ 0.3 - - a Func t ion  of  ( L I E )  Where
B (F ’ , F;) Is A p p r o x i m a t e ly  the
Percentage of l - d ec t r ons  Scat tered

m t a Given [ m i - i - nv I-h As a Resu l t

0 
I I 

E~~ 

I I 
0 

- ‘ 1 a n Inc i d en t  I I t -  t ’gv  F

I ‘n u t i n u i ng ,  I q .  ( 1 8 )  h t ’ , - o n n -  c-s

= i d[’~~ ~ 
i-: (- IL 1 1 1 1 1 1  L_L \ ‘H[3Se J

0 r’ / 
~~

j - : ’ I ‘ ( I  J ‘ 1~ 
-

) \ ot e :  —4-;-- m d  = 0 . 12 for

Substituting ‘l ie proper ‘,‘alues li-f  in I I ) .  ( 2 1 4  mmmi i I l i t n I  tn  in g  ‘

i n t eg ra t ion  gives ti - n e t o t a l  cu r ren t  - ne to  t u ; m c h c s e i - i t f  i - n ’ ,- I e l , -  f ’ I l l _ , l~ n i l  i - c

s e conda ry  e lec t ron  m - u r m c n t , though, t I m , -  h acks  - m l  f I m -u rme  Itt is a gra ’lm , a l  f unc t i on

of spacecraf t  n o t e : m t u  m l , f-’or posit  l v i -  n o t t - u u t i ; , h s , the 0 n n f ’ - n- n ’ a l  f i n - i t  in  I a . ( 2 1 )

s h o u l d  he rep lace l h’: - 
• i - h c e nl - m g v  sh i f t  ne I n  i - 1 i t  s i - ia mf t  a , i - t e n :t i a l .

6. PIIo ’I’o I- I I - ( : I IH ) \  I- \ I IEi - c IU\

I ight , n - 1 m - t - n i l _ ’ i - h i  i n  t h e  n I I i - t ’ a v i o l e + . ‘a i i m  ~)t1 ‘P  — l I i - i -~ , - € m I a: i - ,- 1 i _ ~~~5 i - h e  ‘i n i - i i s —

= i o n I , f  p h o t o e l m u  f t — o n - - - . A I t !- n iu i - li f b i - c ’  ‘ a n -  - - t , ’ n ’ i . - ’ f j i ’ s  of ii - I a - i - i - t i - ! , - —’ u n - I  i bp

pr~i- ’ ’ e s s - ’ - ’ i - : - ee l u :-e - i i - ’ h h  (<‘-0’.’, i- , ‘l i - n -, - l n n : , l  1 t I l l ,  c f m ” i - i - ,  - i - i -  im ~ t ( ’ l :  ‘ In :- - - ‘a c , - —

‘- r i - f  ‘ s ~
) o o r - l i -  - : n I l ’ .’: :n . ‘limt a s -  ‘i ’ ‘~~ i- - -e m’ - n I ’ ’ t~ of ute i - ’i ai ‘~ - ‘‘ - - ~~~~ ~ a,l -

~~- —

a l t  ~ I : r :, - 1’ a O l  i - l i t ’  l a d -  ,f ~~i ’C~~ i O I ~ R i  -‘ ,m I - ~ i n ’ -  n ~~i - I ; u m  Son ’ : - n i - m i - - I  i- I —

c w u t h  m n - P l u s  P ; C ’ i - I t ’ l  5, ~ 
1 4  - u i 1  

I 
€ ‘ , -  ~ i-i~~~, , ,  - ‘ ,- - - i

- .-_—‘  - ________
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n - m n -  u m e - n - : - , - ’ ; s - u - ’ u - i : , m - m r i~~~ u - , ‘ - I i ’  5 — al -- f 1m m- I - u-- I - I  C i ’ m~~; ,  n , t , - —

- ‘ ‘ ‘ I  - - - l m ’~~- I m t  m S  m l i - I n I I t m i m l  , - I : •‘. l i  I - i - -n t ’ - - - ‘ i - ° - - im: I - : m t i ’ n i ; ’
I , - - - I i -  , - C 1 l~ c u u l l  m l  j u n  c c-C m:  f - I ’  - I C i’ m ’ s’ mi t  — . 

- , - - - - ‘ - I i ’  H ‘r ~’~ ~‘I - ‘  - - - ‘

i n — - n u t  m - —  m f n i ’ l ’ ’ t i  I I I  C 
~~~~~~~ ‘,~~ s l I m  1- -~ ’ ’  I t  n ’ - m l , - ’ u t n  m l  ‘ ‘  ‘ i : , l  ~ 1 u

- a n - ‘  - ?  , - - ‘t r ’ ’n  i n t I i  ‘ C u t ’ ’ ‘ - u ,  — ml u - ’ n - ,~ ’ I . - -

-
~~ ~

I O i l , 1 2 2 1P 1  Ii ~ II , 7 - I i~

D i  I n , 1
~~ ‘ I ‘I ’  m ‘ n u t  ‘n i n  1 1 - 

‘ - I , I- I ’ ’ :  - ‘ i _ i - s  ‘ I l l , -  ‘ I t  - - - m i - - h - - ’ , - ~~i i n  - ‘ , - - I81l

n m t l g t - - l m - ’ - n - : m n  - - c u ’ - ’ - - ’  - u - ’ f l 1 1 l  I t - . I ’ l l ’ I l l : m t ’ i , ‘ ‘‘S’ ’ - X C m : -  l , I i S t m i -
’ 

- II ) , _ ) —

m l  1:11 mm c i’, I l l  I i - ’ -  - ‘ ‘ , i ~ ’ ’ i - n : ’ -  I 0 I t  P n m v ’  ~h :, ‘ I I C I  ‘ I  ~ n- n 5 11 r i -~ m~ I S ~~~~~ -~j ~m - - - - ,~ ,, - 
,

I li-n 1 - - c _ :ii - - : : - . ‘n ’ -I mm Ii , 
- m m - v  I - I • mm e l m  n m - i ll a H i i  I ’ I ml i- - ‘ I- c - , - I - u I

h a t -c i - , - - f  u - n  t o  ‘ - ~~t i - ’ i  m t  ‘ - ‘ m a m i n i , -  , i - m l e , ! ’ I n m - - ;- ,n , m i -  A l  -

1 1 1 1 , -  1 . ; ml u ,- ~ a--

io m m ( ‘ u m m c t I I  (a - \

( ; m C I r - l  - n :11
1 

.20 (\Imn: f l I : I : -  ‘ I N t l - I

0I~) I m i -  i O n  ‘ ‘ X i -  i - I

- l I t  ( I  i - I  I l i u l i  I

l )eF , -es t  I , 112 I - \ l E - T  -

‘m m  hio l i l  ~~ - 
- . DO I l ~~- , . - C m i —:ml  11’ : H i u i ’

7. (:o’II ’ - t I{ I,5O~ “ 1 1 1 1 1) VI ’  ~

i - h t m l  a t e  c l - u k of a n l v  t i - Il  el is P-nm t el l t Om - n u n - n : 1 - - t i  I I’ I - _ i P n t I i - i - ’~~~~~l i 1 Ii l~~
,-n

- u - n i l  m l : -  e a s t m r t - : :  - - a t — . T I m e  ha’-’ l I of l a t : t  a j l h  he sac -~ m t  ‘r i - i -:, \ h n - — 5  ( I i -  a

i t ,  n n e i a f ’ h -  h e l m  ‘i” a n - - i  a f t e r  e u - n i - r e  H m t o  t Ime  - ‘ i m P s s I ~ 1 m i ’ . m m  I or :11-riots i i _
-m t c’ 1~- h c ’ i - n m ’ m -- m a  I -H t e i - ’  en : l t  f t - n i -  t i - l ~ i - a n ’ t 1 n 5 S l u t  l u - .’ . Tl ies  e : m r - ’,- i a - i - -  u t e r I -  S e h i - I t m -  I

aS i - h e y  ean  1”- u s e  I n o t  on l y  ‘n s t u - I v  1:m t _( ’ -  n i l i e n t  ía! v a t - b a t  a l-i- a (on t lm t ’ ar-be:’ ,,

6 k V )  t- n ’ :  - ,ls , n o c a h u h n u m , - n i -  I . I t  ‘n - I c - - I ” - ’ ’  I t i x . - !  Hi -Ic 2 l i S t  a ‘lie e ’ J f i - i - s e~
an I I ii’ ah~~c- I ‘at ‘ - a t  laPs  (I l l m u  n _ _ I ’ - - I h i - I S f a

— ---—‘-~~~~~~~ --~~~~~~~~~~ — - ‘—--- - -- -_ -~~~~~~~~~~~~ — ‘-~~~~~~
-
~~~- - -  - -~~~~~~~
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Table 2. Ecl ipses  S t u h i i e u l

I la te ‘1’ Potential

I l m G n l  22 Sep 0629 -3400
07 :3 1 -3810

16 (Jet 0627 -5~l 60
07 11 -3810

1 7 0  12 hep 0631 -2 - 12 0

0 7 1 8  - 1 7 30

15 Sep 0626 -1177
0 7 2 1  - 1 5 40

17 Sep 0 6 2 3  - 5 3 8 0
0723 -3040

19 H e j I  0620 -2720
0724 -1940

26 Hep 072-1 -2170
17 0,-f 0630 -1230

0659 -2170

18 (),-t 0633 _ 3 1 17
0650 -3 i6

19 H I t  0640 - 306
0648 -558

-\ ‘ ! ‘S — F ~ - l o p s  not c o n s i s t  ‘ I f  .1 s i n m n - le  m a t e r i a l  i-iou- ‘- a n  i t  l i - i -  s a i l l o b e  — n b - em- i c - S I

in shape (a ‘ - i c i t  a s s t n m i : p t i o n  in  t he  i - m i - u -c l i ng  - m n m : m I v s i s p  f l o m v ’ - v ’ - c , keep i ng to  i - bit’

sp i r i t  of a ‘‘ sini p le ’’ c l i a r m 1i t n n n ’ -  l i d , t I m e  s a t e l l i t e  mu - as  : t n l i m o x u n n l C m t e l l  as an a i i n I : . i n u n i

s n , b n ’ - r E - . F i g u r e  6 s i m o n  a - l i e  i-e ’ u u m l fs of u h i - es e calruiatj onu s , T h e  l i s m r e p a n m i e s  h e —
tuu - een  n h ’u e r v e - l  m i - i  I t ’~ ’ liu -t c I : , o t e l l t u a l s  have  been - n i - n - i - u - I l -  I l i v  ; , - I i m l s t i n i C  Ihe  u - - n I L —

c iP n t s  of  l i i i -  (‘ i ( u l I  l i v  e n tj s Sj o n  I t - m i - - S  t o  n i t - c ’  a h i - s f  lit  l O Cl 1 , - l i -a t  — ‘ l m - , m e s  s e r m s n

t i m e  h a u - k s c : l t t c r t -  1 d in -  l ’or re l  t e n t  so mu - l I  u u - i t t i  t i m e  i t i c i - l e n t  e l e u ’ tr o n  I l i n a  t h a t  - l e t e n ’ —

n : i n i ng  i t s  - o e f f : u - i r - o t  is — o n -  ‘ - m u  h i m t  11111 , - l I lt its it n - - a t -  r - e f l e u -t  — l b c i - b : t  e r r o r s  i n  ‘ b I C

ac tua l  n i - e a s u r e n -  i - n i t  of .1 I . l ,,r ‘ -or-rection ‘ , , u - f om -s of 1 .3 II I , 1 , 55 ( .1 1 , an Ie se S I
0 . ’! ~~~~~~ ‘ ( m m - - ’ -  .a n u l t —  lia t -e m sf i n  l: m r’ I I  - I t t i : m t i o n  of i 1)00 t o l t s . If  sho u l l  he kept  in

nm I , t h o ugh , t i -na t  n l m , -  i i - - - ’  1 l , a s m -  I on ‘em t -  m a i l  a s s u u n m  ‘ f l - I l l s  a r~- l , ‘ -o n i - s i ’I e r i n g

t h e s e , th is  mc’ r i - I - n :  ‘ l I t  I S  ‘ t m u i t e  goo I .
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-- Fi gure 6 . Pre , l ic te mI  t’s Ob s er v e - i

Potent ia ls , The r e su l t s  for
• spec t ra  w h e n  t h e  s C l t t - h h i t c  w a s

• • i i iu n i in a t e d  aund when it was

~~ 

-

~~ 

-
~~ 

s h a d o w e d  are g i v e n

OBSERVED POTENTIAL (Ky)

8. MoDEL APPI,ICA’I’IO ’

The n o m l e l  has  been deve loped  for  t w o  purposes . I- ’ ir s t , I o i : :h i  ned it P h  I l i - c -

Jeost- n m-hronou s p la su i - ia  n iou l e l  - l e t - e loped hi - Garre t t , 10 
~ can he used to u c p ’ i l u - t

po ten t ia l s  on space r -ra f t  :m s :i- f u n c t i o n  f ‘I n -  un o  I -  ; l C i - l d t  i c  i n de x  A and L I , t h e

s a t e l l i t e  local  t i n -  ,- . I t  a l so  is emp l o v e u l  n , i  ‘ - a i c - t u l a t , - ’  n b c  p o t e n t i a l  on a s p a m - e r r a f t
as it passes into and  out of t h e  e a r th ’ s sh i:m , Im , mu

Figure 7 plots the p o t e n t i a l  v C m n i : m t i o n s  ni - n e l u - I c - I  he nh - c  model for  the  geosvn  —

chrous  s i m u l a t i o n  i - i  n m l  of Garret t  for  m: odera t e  ne u n m a g n e t i c  a ct iv  l t v  I~\ - 120)
and  h ig h geoma gne t i c :  a ’ - t i v i t v  (A 1656) . T I m C m t  s im u l a t i o n  g i t - es  a “ 2 \ h a x w e l i i a n
I’ll ’ to the  plasn i-a  such t b i i m t the l i s t rihut ion func t ions  are fo r  e l e c t m o t i s

- - / TI  \
3/ 2  -1 : /T I

= 2 m . 2 (~t l  
~

-
~
-
~

-
~ -/ e

/ T2 ~- 3/ 2  -I-:  ~T2
I c i  ea \‘i~U~/ e

and for ions

6 ( I ’I c 312 - F :/ T 1
f (F )  - 2 . 14 ~ ID (~ 1

~ 
~ I

,, e

f T2
- \2 r k n y ~ iy) e ( 2 3 h l
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Lo:~ n TIM E

l - i g n h c c -  7 . 1 ’ ~’ i -  l l m - t , ’ - I  Pot e n t  i - , b  of Cm SIi i-l o uum--i , I ,~ t - i - a l i t -  I - l i l t e F

~ u i t ’ f a c e  as a I - n i m - - t i o n  ( I f  I l i l C i l  i’m — ’’

i tie u i m s t m ’ I h I m ’ u ’ D n i  i - I t i - - t h l i - l a  a l ’ - - ‘m i - ’ : ’ - r t , - ’ - m  t o i u f : i - n , -nt i~i I - - : . ‘ - i ~~~~u s i - u e , - t n ’a ‘ I S in g  1 - I l . u i - u , .

‘l’bh e - : ‘ ‘ -  I ’ m :mm c nu ~~, - I ’t -~~~~~~I - - I l l , - I I l’(l~~~~~~ I i ,  i - t I m  , :m s S u u t n  m i - i -  Ii- :l ~ :ot ’l : I ’ - f : ’ - ’ ’  n l l ’ l ’ i ’ ,

— a : m ’ l I I -  i t :  1 - : m l  u I  a t e  u - I b u ’ - - an ‘n t ’ -  ‘it Psi  s t i n  ‘- H u n  n - :m’C i n ntii’ i - t i l l  I -,u ‘‘ n i l  - I ii - , t N i l ’ I c

fo r  a s h m - l - P n \ - ; i ’  I , ‘ - I i ’  n I ” : ihlu- - - - -  , i - ,~ s m u i ’ l :  as a u , - a , l l l  ‘ i -I - ‘ ‘ Ic nt l I l e n t  ‘ - n v i m l l n ’ -  I -” .

\a , m t b n r  ‘isn of - lit - ’ I i -  ‘ ‘ - h- nt in l Ine I - f ’ ’ n- I i tm in ’  of ‘P t ’  C m O t  , n ; P - -  I i-s -a - - 1 1 : 1 - - ’  - - r i -i -

~,a5 sm -’~ a t - ,  ‘h t  l - : I n ’ m h ’ S shi :t-lamu - , l I n e ’ -  h i l l s -  - i t , u It’ — - ‘th e-i , ‘ a , - i : c , ’  a m - ’ tu s ’- I :a ‘ - i - c r —
i , i I  t~~ -  H - ‘ r ol l  i - I n ’,’ I i - e , : n S S i - l r v  i - I ,  It ’d  n i - ,  1I, s e ’ :’’ h ‘ ‘-o , - ‘ — ‘  ii’m l  ‘_ - ,i -n’ t i- : : l n , S

‘a -is ,- ’  I t  - - “ I ’ 11 ac ‘-n : ’ t h s .- H t a - I o m ’ , . ) ( C ’,’C t b’t ’ i ng  t h e  a:’ p I n t - n I t ’  t’ a n

-, -I
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Cm ~l~~t’ m1 p t ’ i C I t t ’  n l , , I , ’ l  ‘ I t  C m t l l l m i s ! l I u t ’ u ’ i , ’ : , t t t ’ i u m u a t i o u u  t o  nt  t h e  - i l l — c — I ’ ’, m l  l , t l ’ l t i ’ t - I . ’ I - f t o n i

r e nt , ,J ‘,l C m s  I ’,i u nu l . ‘l I t ’ r -en- u h l t i t u m ’  t : m l mum ’  m u C l I - u  - I n - t m ’ t ’ t m u t , m m ’ i t~ , 1, . -  0 , 4 uu ‘~, - -  — m’, m m l i
91) 14

is i n  t u r I n t i l t - l i t  w i t h  t h e  v : m l m i , - ’ u  i n  I ,i,i, ’ I . ‘l ii,’ i -~- a ’ lt-u’ is ~ i- ‘ - i - i ’ m - - b  t , ,  t I C m  t m - I t

for I l l ’ t C u l h n t  of t t u i s’ i l l ’  , , m c ’, iu r’ t ’ .

1- i l i - t u r e ’  8 s I n e w s  t h e  , ,b s ’ ’ r’ ’ , - t ’ - l  : m n i H  r ’ t , - - I n  t , - l l l i t t - l l t l ; m h s  as \ ‘l  h — S m a s — e ~ into ,n u I

out m , f  e c l i p s e  ‘n 17 S e p t t - i m - I u m - t ’  1 7 1) . ‘l’ Iu e u - e su l t s  of t h e  p r c - ’ l i m ’t i o r n  a l - c- C m - l m ’ l h l l C m f m -  : m l l  I

w i t h i n  t i m e  1100 \ m ’ i ’ r ’ l , r  hut t h e i r  I e v i : m t n ’ ’ n m s  f i ’ , , m ’  t i n ’  ‘ ‘ h s m - i ’ m - t - - l va lue’s  r a t  l f l l h - - m t m -

e i t he r  a need to in c lude  s l u t’: mt h i e’ife,-ts ‘i’ m h : m t  t ine I b t i e k  s t m t ’ : m t b n , sp i l t - n c - a l  1li ’ohe a p —

p r o x i u n m a t i o n  is i l u C u m - u u l ’ Cmt m ’ . In any  ,-vi ’nt , t his I n t - t l n o d  of C m - 5 t l I u ~ - , he  m - o n :  ‘ C m r i o c ~ t h u ,

obse’ r ’ ’, -eul a n u l  , r t ’ I I I ’ ’t i ’ I i  :,l t , ’ m u t i : l l s  as t in e ’ nh , i -t o e l ec t ron  f l u x  :s t a r P - I , s h o u l d  pr- i- - n u t ,m -

a p o w e r f u l  tool  f l l r  l ’ m l t n i p a l ’ i s ’ i t l  w i t h  m l t t l e ’ r  s p a c e n n - :m f t  ‘ - l i : ’ t ’ c’ i i m n  m m o u l t ’ i s  in  t i n ’ -  I n t l  m i m i ’ .

415-5 
-

DAY 260 , 970 DAY 292 ,1970

~~~~~~~~~~

f f -

~

- 0 OBSERVED
• PRE D4 CTED

+ F

L _ _

~ 

i___. I
~ i) u I8~1 183 4U)i 4i’— 4 0- 4

UT l’nu’ n

l- ’ m ’ ’ u n t  : ) ‘ i - n - i - , - i - r i s o n ’, ” t i a i ’ ’ - - - - , r~ I ’ ’- - -  i ’ ’ ’~ ‘e’ ’~ ‘~~~~ ‘ ‘ F
‘ ( n ,  \ ‘ l ’ S — 5  ‘at , , h h n t e  ant - t l n t ,  ‘ : - ‘ I’ j , I i l l  ~‘ ‘ i  ‘ , n ’ s . m -

i n - - i - - b  I , ,  I i  ‘s - ~~: - ‘  ‘ - ‘ - ,  , - ,‘ ‘, C - - n - -

i - i l s  1 10  h i ’  t a - I l i ’  h h n i : - i - - n ’  I’’ ‘ ‘ . : ‘ C - i t  ‘ I i i ’  O n -  Ii
m - ,n n r a o I -  m , f  ‘ i :e  ‘ m u , ,

1 . ( : : -~ ‘ ‘ ‘‘ , b I  i- , ‘ I i , u u f ’ _ , . ’ ~~~~ I - - - - — . : -  ‘ c -  : l - ~~, , - - - - - - , --
F , 1, 1 1 , 1 — I I I  - ‘ _ 

- — — — — -— - - — — — — — - — - -—— ——— — - 

23

--

~

- - - --- —-

~

- - ----- _—-- - - “. ‘- --~~~ — - - - - - --— - -- --—- - -~~~—



___ 
--- — 

‘) . ( ( ) \ I  I I
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1 n u u u l  I ) ’ ’ l - ’ ’ n - ’ -  — I  tm ~m a I I I ’ C m

: t , - I c l a C t s  ‘ - C t h i l ’ n ’:, t ’ ’ - l  m u j t t n  \ h n — H  p I : , s m n a - l ~~I : m . I l l , ’  n o - I , - 1  u - , h - - t i m - n m - - : ‘ , n ’ n i 1 , -

n u ’ , t , - n i t  I C t I  m u m  t s : m f t - l I I i ’ ’  :15 i t  m : m , — s , ’ m l in to  ,- ,‘ h l t n s t ’  iç t n ’ , ’ ‘ -01 : 1 1 C m  c ’ -  I w i l l ,  -m cmi I i i  

t lm ’ t in— . ib m ,’ results i ti , I iu - C u t c’ l i_i- l ’ t t ’ l ’ t nt  l n , ’ t ’ a , , ’ , n  1 l i t  l I t ’  - 1 m m - t e l C , I l ’ l  ‘tu ~~t ’i ’ t ’ t ’ - l  ‘, a h m , - .
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v i n - , i - n m : m t - n m f  I , ,  i n t e N t  s ( I C I t ’m r a it n , , i - t , - , u t i a l s  m m n u , I , - t ’  l m i f , ’ m ’ c ’ t u t  ~i - t - ’ I l l  C l , _ I I l t ’ t I ’  un  I

t i ’ - - ’ - - , , i u - l i t i ’ i - n , a . TI ne n o - I t - h , u t t e r  11 ,- In n - : m l i l m c a l , ’  I , s m u u - m - e s s f u l l v n , t ’ i -  l n ’ - t a  : m - , n , - ’ m t u ’u l —

it l i - l i n i - I l l )  \ a ct — t i  t~a u u  - I t - c _ I -  a u ’ : m t m i - t ’  nI  10 , 000 \ , It Pu , - Inn-It ’ s ‘ -b  i - i  m i n t  u - u  n ’ n ’ ’ - n t I t - r i - n - S

C t - I l IS ,-‘ f fi , ’ ien t  t i n  I - u i - l n J n C l m i s I n l l  m t i t l m  , i t l n e r  u - n t - , ’  , - l l n i m p ll ’ i--C n i l ’ ’  i - i c , t : m i - C I l u _ - ~~I — i ’ - I I I’

n u , t n m i t i a l  n ’al c u l a t i ’ ’ n : . A I -O l l ’l ’I I A N  h i s t i t n g  of It t ’  9I ’ l l  C m l n ~ is : I co t - l 1l’ I i n  A i - n u ’ ’~ m - l i - - i - s
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Appendix A

FO R TII -\~~ I , m ~t u r m ~~

( l i t ’  s o l l u t i m m l n of Eq.  ( 1 ) , t I n e  cu r ren t  I J C , l , l l i c t ’  n q u m m t i o n , i n v, u l v i - s  m n  t e l - t i m e

pi ’u , v - e m l u r e  with thu ee steps ,  ( Inca’ the inpcut d m t , i  a ce  p r o p e r ly  f i i t  ~- m ’ -  I , t h e  i li t e r , m t i c m n

c ornmt ’n cc’s wjt h a c o n i p m i t i -m t i o n  of the c u r r e nt s  :,ss u u m i n g  the ini t i m m i pot et i t i mm l to hc- 0.
‘I ’ I u m ,’ cu r r e ot s : mi ’ , ’ combined m s in Eq. ( 1 )  tm n nl  t ine  d ca v i m t i u , n  f r om 0 c u r c t - n t  c a l cu l a t ed ,
I ) epen ding ,,n i-’ I m t ’ t l m , ’  r t i n e  d e v i a t i o n  is close to 0 or not , the process is ei ther  t e n —
m i - m i rc ,t ed  I n -  a l i t ’ \ u  pm ’ t ~ - n m t u  d ‘ ‘ s t i m u u a t e d .  The spectra  a re  sh i f t ed  by the  new potent ia l

,m r u m l  t he  p r n ~~ t’s s c - I l l - I t s . 0 , -c  f low ch ar t  C m t  e~i m1 of this  A ppendix.
-\ s t N t -  ‘ l t ’ t e c m u m m l l : , t i o n i  ,,f t In , - ’  l l i - t rg v , I- I , and of the corresponding ‘ I i  f f c ’r ent ia l

energ y f l u x , ‘I L I  1 
, for  t h e  c - i c - c t u - , , m m s  and ions is satel l i te  dependent , we ‘.vili not

m l i scus s  th is  . ‘ s p ’ - t - t .  The progr iu m m S  n m i r r e u n t l v  a r r anged  accepts an  e n e r gY  spec-
t r u m  hu1 ’,- i r i g  \ s t , -  h m ~-i . ‘I li - i n s t  st , - 1 i  is a s s i nm e d  to N,: 0 I - n i e r - p \  ,nd con tain  t I n e

b :mck groun ’)  coiunti og I’ ‘t i - s . ‘line s u t u l ’I , m m t i n ,  - l i s t i l i p s  Lus in g  th is  m s i ruput  follow
-\ pp endix El .

‘I’he ‘I i m t r o m  a i’ , ‘ I  s, ’t c - l l u t e  n ,  n u — i u u m h l ’ , n i t  m ‘ - : m t m n l  I I — . i - -h iu tm i ’, , u u t i n , -  1 - i - I ,  i s
- l t ’ s u g l i u - - I t ’’ t a k e  the  t - . i - iN 1 1 1 1 1 1  t a  r l i u s s i l m g ’  I i  l u l l f c , t i c  dl  i - d i i t ’ s  l ’ , - l m , w  h ac k grocun d
or I , ’ - h i m ’,c t l u t ’  s: t ’ - b l m i - - - n -  i l l - I  ( p~~ i t u ’  I - -’ Ii ,i :ij~~’’u , - c i -~’, l~’~-~- tb i n m t I m , s p u c - ~ - l~~~ i t

m , , i - : l t i  - l  1 u i ’ ’ -  tr  - l ’ I ’’ : n m - b  ‘I , ’ a- i , - , , n m t m m i -  ~‘ - l - ~ t b u , -  -i - .  ( ‘ ‘ f l i t ’ -  c - n u z n - - : : i - I e u - b , if i,’sii’ , - i ,

- ~- ‘ l : :  - t - v l u ,  - - .1 — u I, - i - l u ’  - m i - i  - I -
- - r’ 1 m g , - .  if ‘ Ii, ’ ut - n - ‘ n u u : i : ’  - i - m t . i n t b :  - m-in r rm’n t form the

i’’ m gr ’ , i i i  l i l a - l i ’ , S I i  ‘ m o m s  t i m ’ ,  u - m g  I ) ‘n :u ’ - ~ - 1 - ,. e - ln t ’ Im N l i n u X  muntil i l l ,  u i - a l non—

“- ‘ - i’m ,  c li ‘ n i _ i _ -i u s  i t- P d . ,Ct r - t I~~ mf u  - c l i -  I , ‘ I I  I t l i ~~ Ig  c- a l ’  m ’ s  a l ’ , l n t , - l — i ) l , l u t , ’ I b

n u s I n g ~~. l u n ’ -  i - i l p i ’ I I X u m n  ‘ I o u , ‘ t 0 I - )  c a , - n m ~ ’-1 m —  - ‘ , ‘ r , , , m l  , t m l l  i - ,  I - C t  ?c r m ’ , ‘1’1~~n 



— ‘ - ‘ _ - “ -  —

‘u ’’ : a n m  ‘ - xp ~ -~~ I~~ \ -, . l m i , -~ ‘I I F . , e m I ~I ,  , , - i u l m , h  - n m ,  n p ’ .  P u ’ , m m  c i  , I I - - - - f

I I I  I .1 l i ’ ’ t I ) i l l  m i m i t . ~ c~f ‘:\ I l l - I . - - c l - - c ,~~~ 
I . ~ t i m ,  c e  H u m - . ‘ - mu - u - -

1 1 I ,  ‘ : , - , n t i n , n : m , - n u t a i’, , - i ’ , ’ i , , I , - I l i , - I I I I  I ’ ’ ’

~ , m I - i , ’ n m t i n m , -  ~ l Il I  I l ,k,-n s nnm p :i I 1 , ( 2 , - I l l I . .  i t  - ‘ I c ’ - i i , ’ - - ,  F1 ~ I , -  - Nt  I

p i n ? - , \ l , m m - i I i , ’ - s. n, - l l m t , -  In l u mm il ,, - , ( i u m m j  m , n ’l n m ? , , n i l ’ ,  f or  I n~~ 1 3 ’ , m m ’ - l , m t - - . m i - u - - 1  - ‘

tu l i P - l i  i - m~ spl - c - t u ’ l t i e  u ’ c’ - i , - t , - c m u m m n m , - l  I t l i C i n , s i , -  m i t  , ‘ , i - ,~~~m N  I l  i n  -
‘ 

l i i ,

l,,1 t , -l u t i~~l I,’ ‘ l i i i  I i  l i i , - a p I - ,  1 1 i l m m ’ -  I ,, Ii,- ~ h u F i ’  - in  \ (I . h e m ’ -  n t - - ’ - I l l -c ‘d  I I - m m : 1 2

‘1” 11 , i t m-I hi b u r n t  - F 1 t  cci: , u i m m i n g t I - u - m a c  iii t l i , - u : m — F u i n t ’ - ’ I  5
~

, ,  t c m u m :  m m ,  i - n , - s ” ’ l i ’

t” tint- n , - ., ‘ I m - s i u ’ , - I  (sh u t’ ~i )  ~‘li m ’ c p \ . 0 1 1, 1’ 021 , It, , - c l u m i - I l i  v : , I u t , - u s  : - ‘ ‘ I m : . i n u l

ti- ’, u l m t l - n ’ p c i l . - t u n m u_I  I nu ( I i , ’  ‘, m h u c ’ s  m , f  ( ‘ 1  (m ,i ’ ( -i - I 1 1 , l l 1 c l i l l l u  m Ug 1’’ I n , , c l u m l a i ’ c

Ij r a m I ~ t i - l I m g t h u ,  l u l u a l m u n t ,  : , ‘ n l , - i - U v .  I s i m i g  h u m m i u c  i l l ’ s  1 : m , - ’ m m ’ -  l u , t h i s  i m u l - m ; i ’ h ‘ - I -
‘ - l i ,

is s F i i t e  I I ’ ’  t h i m ’  I l l - t m  , I i , ’ l ’ 2 i , i - , I , - , ~~~~i u t i g  u I ~ I , t  h i m ’  s l~~l u  l , - , , l  t i u ’  n - ’ t u ’ ’

iuui sl uul t , --I I - l i t - n i _ I c . I , ,  t m t  i - lu, ’ t i ’ -,-. I - I l l  I - i_ i

O h  ( L I  ( ‘1 1 1 1 1 ( l l . I I - ,,C - ‘ m l ’

i ’ l ~mi’ u’ , - s i : l t s  of 01111 -  u m c , ’ t o l l l n t  1’ ,  s l i t u l - l I f  m i m e  1 ) 1 1 - I - ,‘, :u e n ’ , - t i m ’ - I I I  u m c i l n  1

C~ I I ’  c, , l c :uI  m t , -  I . t i m ’  L I 1 ( ’ i  -I C lit (i-cl m ’ r , c m l  nt , I u m i ’  I , ,  h i m , -  c - I  ‘ i- t i - l U c  I I  - 1 , 1 l u  C I I ’ l i c  I I I )  I ’  -

i- lu - m I t’ ’1 in T t ) l \ l  , a I C m ’ l I~~I l ~~ t n ~ I m p  1 1 1 1 1  i- u C 1 , - i - a i i m , -  C am ~, m l u  - i i  C “ ‘ 2 1  ‘ . 1 1 mar -

t - n t —  ci -  in u u / I c - i m m — s , ’ e — c i I  n - tht’r I I u i i  in  \ / ,-ni, (, ui ’ \ l. l - ’ -q: u un - ’ - c i’m nm i t , ’ ’ n m

c i ; , 1) , - ‘,- hi , ’rc- I- u s t im,-  -i - u - m O m  acm’: ,’. : I is (lie - ‘, m 1 - 1 g m  - ‘ el i  1,n’ ‘,‘, Im j, Il I I  I n  n I  Ut 

I )  is t i -  i- - t i , -~~~- ~~~—~~~- , L i l t  , : , , - n u , - n ’ g c  n - I n  a l I t - i  t i  :1 - - 
- - I I’  - - l~ ‘ 

A N t i -  a c - l u  f u l i c - f  i i i  I t  is c t - i  t u b ’  - b c j ueum’I , -: u l I , c  i i  c X . ’ i ’~~m l t . - ‘ i - .  \ I n _ S  ~ h i !  I ,  = i f , 1 2 1 ,

it m m m i  l I e  ~-e rim-c ‘ h i 1 ’ e I i f  t i u , - i u m u m l , , ’ r ’  (33 u r u  c-a I C I~, i —  i - l u  - m a ’ -

I F , ’ I, , c k c ,  t i - cl - I -I  i - l uu ~ is m’ m i c n ( h t - -  I n m  I i  \( hi . 1 C m , - i - ’ t - l  c m u m - i d ,  1,ss: u n ( l l k  9
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Append ix B
Sheath Theory

I I n , - ’  u i m e a s u u ’ m ’ u m n t ’ r u t  ~ h t I c -  c l i , ’ m ’ , , i - t , - - n - u , s t u m - s  of a - o n u t m l n u t -  I p l stim ~ in t he  l at i ~ ’ r a m t m i - n ’ y

i n , u n  I - I l I i c e ’ j m t m I m m , ‘ l i m i t , -  c m n i m p l ’ - . l l m s m m ’ , , l l y ,  a p i ’ t~h , -  ( _ l  u m m i - , -  I , , u ’  ~‘x i u i j h - ) is p 1-Iced

iii  t he  p l _ m s u t m  . The i 1’ t , - u m t m - ’ h  ‘n i l l , - l m n , , t u t  us  v n - i , - - h  : u t i - I  t I n , - -  u ’ t - s c u l t i u i g  c u u - m - n t
u n t a m s u n u - ’ ‘, ,~~~~~~\ t - ,~ u u c . h  c u l l - - l i t  i s  ‘n ’h t a g c 1 - l i r v e m c  5 t i I l ~ ’, l i  in  I i g i m n ’ ~’ I l l .  A S  in  mo at

1 , 5 1 1 , , t n-u , t h e  1 1 1 ’ ob t  prob l em is ic l e n t i c : m l  -n j I b  f l u  - f  , , f  :m s , t , - h l i t , - u i n m n i ~’n ’s ~-d in

- , ( 1, -ru’  I i s , - m u n - u s u o n  t m - i l l  I n c - g i n  -, m i t h  ,i -II- s l- u ’ u p ti ti n m of i l - a - tF ‘ ‘ ‘ i ’ m  -

(~~m . , l i t i t m ,  , - l c  , ii ’ ( I i , -  mc i i  a rid c ’ l e c t l l , n m  p l u s i u l i l  l I l I m l l i C t i u , I i c  ( l i i  I l l  , ( i ’ i I I I  I h~ a

\ l . , x . ’. , - l l i - ’ i n  1 m n t i c l e  h i c l : - u l m : t  1 1 1 1 1 , I”i g m m r e  I l l  C , , I l  1 , , -  c, , I i l~ L l m t e u ’ p l ’ - t ’  I as I I , l l , l m u  - ,

I - I ’ - l t ’ n ’ r ’ i u n g  to th ~ - l i g h t - - i l l  i ’ l - p i o u i  .\ , t h e  tout t’ili’ r’ ,-’iit iS C O l l t ’( t a ’ i  i i i ‘ F , ’ , I t ’’  t I ’ , u l l

t i l  l I , a l t  u’ t_’lI e l l t ’ - l i i  t I m , ’  p i ’o I ,t -  1 1 m 1 t , m l t l  1 I~5 O~~’O f I t  e , In  u , - u i u l i u  I I I ’ ’ ‘ - l e t u- ’ :  c’ ’ n m ’ u - e un t

u i--i m , n iu ’ t’, t - , , k i ’ .-  u ’ t ’ p i n l l e u l  t i -v t i ,  pr’oI i-e  i u , I t ( i l t i . m l  . \ t  t h e  h i - , l l ’ - I , i  t , t ’ t m m , - , ’ n u  l ’ ’ f  I l l - i  II  il

• ( I i , ’  i i , t n  , m u ’ l  I - I l - I t ‘ h I l l  l ’ m l r ’ l e l lt s  t i l ’ , i l i  I i , t  , ‘ 1 1 1 1 1 ‘ t h u s  e~~ct’ t- spot ’Is n i- I :  s p a t s  —

m m ’ : m l t I I n C m l ’ g 1 :,’ 11 i ’ l I b I l t ’i y i ).  i i i  r ’ t - g Pm n  (‘ t lw-  - l t ’ et r o u i  e ’u r l ’ ’ - : m t  1, , n m u n - t - — t l i , -  11111 c u r —

‘ - i - m t  ( \ , ‘ t ’ - : m s  the e I I ’ l ’ t m - l , l u s  (i i i- I F I 0 O  tu n I c s  1, -u s nn s su i  - , f o r  t I l t ’  5 m f l l c  e i l I - c g t  1 : 1

I I m ’ l \ t - 4 O t j I m l t .’s I , s t l - c t e u , l l  i - l u ,  m , , n i s  so th e  ‘ - i ’ - , - t i - ’ m ,  c - t i  n I - l i t  i s  40 t i n u t ’ s  i n - i - - c l .

In n - i- g i o t i  I )  l l l m m l l 5 t  : m l l  t h u ’  ion cu r i ’ ,-n r n t  u s  m’ - l m , - I l , ’ l , m n , I  t h e  , - - l e , - ’t r c ,n  I ’ l l r ’ l ’ c ’lit ‘- - , t I l l , t t c ,

l i i ,  t i - c  t ( ‘ i i l ’ t i ’ S  1 1 1 1 ’  h I  t h i s, - n’ b - g m , I m n s  t i l l  Il i ll il 1 , - u t  ‘‘ii t ln t _ ’ t I - i - l l l l l ’ l ’ _ u t U r e _ s  n m - I  - 1 , - l i —

— i t i e , s  of t h m :  i l lo s  , ,n ’l  , - I , ’, t n ’ u , n u . s .

3 I



- ‘-~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/
“
~

‘

“ ‘ ‘ 

I g i r t :  1W I ’ l’ , m I l c  ( I m  1 - 1 , - mt  1 , 1 , 1 i - s
- I I ’ ’ ’ t ’ - i m t u - m i  ,,, I i ,  r ’ C , - : , - u ’ i m  .1

l m i - i n i , i i n c t ’ ’ i  i ll  - ‘ m 1 , I I  :-. ‘. ‘ m a u i

A C D

I I I I  su  m I l l ’ , N i  i l a u - n i -p I ’  , I - - , ,c i : - p ’ ’a ’~ a ’ : m - - - i i i  ‘ - n i - u  — I - a -  s I u ~ : . . \ s ’ -: ’, - i i -  a ‘

i l ’ l i s  ‘ I  ~‘l~ - l l ” ’ l l c  I , , n l i m l  I -  n i - m m -  c i m r c , - : : i , t b m -v  I , ’ u ’ u m u  ( i , , n  I i u i  H u ’ - t i ( - m  O P  - ~ ‘ j  n - t m ,

u n i l c - n m  l n  0c h h c  a b C  n i - I ,  c ’ l c ’ n m l  t m - f l  c~i t l m , ~ iCu l c I , - : C ’.c ~ b i , ’ . ’ . m i  i i - .  I i p ,i ’c I l l ,  ~1~o

‘t ’ t  i i i  - t u , - t  ‘ u ’  - h i ’ s c : , m - ’ lo f l  i~ I t h u  sb,  i - h i  i’ l ’~~ l l ~~ii , ( i ’ l u i — m  ‘ - c  t t , c  - l I - C ’ . h i P .

- ‘ I i i . ’  c l - - - ‘ a - n m -  , u ,  c m  t I m , ’ c i - i - : , , i  , t i n u i l i h i i ’ h m 1  - h u , i , ’  - m c - h i , -  l ’g e  I p 1 - I I -  l i - I - I  m c . ‘ - S S C I :ae

‘ - s  l t , i ’ h i - :  I I ’, 
- -  b a i i m  u - c l ’  - m t l m  g r C u \  It i c , - i m l  ‘ i - ’ - l  N ’, i - .  c l - i - u - u - i - i , h m l :

c l _ I  X l

o t  \I u I - ‘ - ( C l

l i t — u ’ ’-

11 , — m m m i :  t - a r  l i - n m - u  itv of , ‘ l m , ’ t i ” i t i - n - i  I t  S n c i - - ’ a ‘ I i -  ‘ 1- ’’ - ,

fl i  i l l  b - c  I - - : m  — i i - .  c l i  ‘ - I  - m t  i -  n m - S c ,  f i l l I ~ - ‘ l ’ l i - i~~~ 1 -

l u ~ - m g h i t  ,ih , ,t  ‘ l t l l ’g t ’ I I  ph  i - -  I X  Ii ‘I I
1,) m m - ’ ’, ’ m t I - 1  1 55 bI i i - : , -  I ~ u , s  it ~ - n -

‘I = - - I - - - ’  i - ‘n eN . ’ I’L l:

k I = f : u m  - en u n :  1 i -i  - -n - - c , I  ‘ ‘1, ‘ m l  no: - --

- a ’ I m m - u , - ‘‘ - i s I n f l h I ’  n i - C  - ‘ t i , -  I’ ‘On : ‘ I ’ , ’  lii’ ’ ’ m m m l  t s,-, g o - i  m i - i  u ’ , l ’ l n  : I t  - u - a l u m  I - - u t , - -  I , l I t

I ’ 1)i s.—t1 ’ i - I i3 ‘II

‘2



_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Th q~ ( l i
u 

- Ii I , I t b 2  I

t’,i l i t - r ’ t ’

m u = l l l m u u m h c - n -  1 , - n m - i t t  u , f  ion s.

O L u b s t i t l i t i n g  in I l I r  i i h i m . ( x )  a )  an , I  m u , . l i m i ’  s m a l l  
~~~~~~~~~

2 kTd o  e
= -411 q Ii (1  - e

I I

:411 q I ll ( iq 0/ k T ) . 1 1 1 1 1

Thus

o = 0 e n ‘‘ 1114 1

it li -eec ’

/ kT \ 1 12
= ~ n I h ’h t t ’  I ’  - n m n t l m ,

‘ I  mu
I-,

= p ot ’-umti ‘1 t p h ‘ f r ’ s i m I ~l~ , i - ,-

h i s  - i i s t  O t t ’  It he I l - l u ’ . , -  l I - n g t I l I  is t i m e  -~ n t  ‘ m i ’ - ’ fi -om f l u , -  1 n t ’ u , h , -  c i t - t n ’  - , ‘, h i , - h  t I m , -  p

‘ ‘ ‘‘ - m u  1 1 ,-, n t t , - u i i m  ‘ t ’ -  I h i  I N -  : 1 1 1 1 1  is the  ‘list om ,- ,- ,,c- , - r  w h i c h  the- p l ’I I I I h ’  peit,-i - l tl ,1

- I i — m t n : r ’l,s t I n , ’  p I C 1 5 1 1 1 m . ‘Ibis i s  1511 h I m  c b I t -  I t i n , -  s i l l - l i - l u  - - a - 1 , 1 : 1 .

‘ I N ’ ’  s t , , - m t l u  l I ’ p i l l n i  I I m I m l I l  I t h u ,  p i ’oht ’ , p r t i cu l  i - I t  I I  u t  i s  l a m - a ’  . ( C C ’ f l  n i h _ I t i i i - h t  l f i t

11 , - i -  t i n ’ -  sh ‘~~~~
‘ ‘f I i i , ’  m ’U r v t ’ s l u c ) w n  in L i g l m r - e  I l l .  \\ i t t i i n  ni - . p u n d it-h ’ - —- l i e  t n f l m i ’ :t m 1 i

l I t  t i n ’ - t : i n I n a i r n g  p I’ l l , - I I I  t h i n h n , - l d  ,n d - I , - t : n m l u -  i s ing le p:~ n ’ t m c l e  c m l - I - i t  n : : m l c u i l , , t u , - : u . —

n m n , - c - e s s C , n - - - , I i i  sp eu ’  I I  m i u r n h en  ‘ l e n — u t  ut ’s h I ’ l ’  q i m n t , -  I , , ’,’, I ’ — 100 , - n i -  1 C,n’l

‘ I t ’  i- : p t ’r  ‘ t u m a , - — , m l f , ’ : m  ‘In I b m , -  I ,  r C ’ - c  of 20 kc ’\ l Iu C klIlO t n i , ’  hlt ’hcc I, - n g t d  i - on’  , u p ~i - l ’h n X i —

I I I  m t ,  - I ‘ , I i m -  - c I i i  ‘ t i n  l I L t  1(1 11 1 ‘in t b , ’  h I m - I C  r of I - i - m s  ‘f mn - I - I s , I’h ’  - m I ~ c i - :  a u - a , h u t ’  ,‘. I - V t - c ,

( , , I l i s i i l I l l , Si-, -— n ( l i i l t ’ ’,’ i h I t m-t u~ u m p l u - i n m p  (Nc ’ c o n : m p : m t  t no n s .

I b ie - I I ’ - ~ N-u ‘ ‘ I  p - i - f  i d e  , , c t , l t  ~~~~ ‘ u t ’  ui -  t I me - t m , -  d I m  t’ m ni li -mi ’ seen in i - F m ,  - t , 1 i , ’ -,t I a n .

\ s c u l m m n i g  Ci t n m u ,  -s I u l - - t b u  ‘ t i m - i -  i — , 11 , 11 ,1 ~‘>  r , , ; i m , ’ r ’  r is t i ,  u ’ . u  l m , u s  ‘f t~ l I  s d ’- ‘ I  -i 

~~
5 ii

l i t , ’ ( , , - , l l m a , I I - l -  ma p n ’ t u ’ - l t ’  h i - - , i m p  i t l i t i  1 k i : m , - t i c  ‘ ‘ I l l - I L l ’. ~ 
ni \ m u - I  : u u I i n l ’ , I ,  111111_ i  ~ u u , -

- ‘,‘, I i  m i n i -  ma I i  s t  ‘ n I t  ‘ r . I I - I~ Ii - ’. ‘ - ‘ ‘ m i s  t ’ I ” . : l t  n u n  m l  , -l ~ , ’rgv t m n m l  , n n g  m m l  c i - I ’  I n  - , - n t  u n :

:33
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2 -,

~i- 
r~m \ ‘ ~~ 

(r),

n: II \ nm r u ’ • 
I I I I

tN-c c, t i _ i1 - qo is t i n e  ; - - ‘~~‘ 
mt I 1 ‘ - i n , ’ n - p c  (0 - - t n m u n i  m i t ’ .  I , i u - l  n i l  u a t i m ,  - n i - i  ass ‘ i- i - l i ,  p ‘ t m  - I ’  -

“i, , l v i n u p  for ’  t l i , ’ i n n m p : l l - t  1 ) , 1 ’ a m h , ’t 1~ l’ II

‘1 ‘)

ir - r’ ( I  - i n  ( m l  I l i - i , )

in \ —

2

I ’li , -’ m , - l m m u ’ - , t I m , ’  l i t  1 t’ n i r r ’ eot - I l - ni - n t ’ .  m t  t h u ,  s - : n - i  1 ,  of :, c i i h m e i ’ i m  1 9 1 1 1 1  ‘‘ 1 l’ , l l l l c

us . f o r  m , l IiilliIIl lih i’~~I ’t ii’ p a r t i c l e  ,, u l u m u l I t i l m l u ,  , l l l , l ’ I l X i I I m C m t c ’ l t

= 
I 

= ~ I I  - qc) ) 1 137 )

4 ’ r’ -‘ 0

~ 2

- 

q n ~~~1,
1 —

-i n  11

= th 1-  c u m ’ m - ’ - n -it  p en .  - h I l t  - I - , -  -

= m u : n m l ’ i  - - u t  I ,  - : i s m t c  - t  I I .

‘l’his l ’’ l k’’,’- s I n t l’.  h i ,  i ’ t m c l u ’  ‘,‘- I h u l ’ I i  ‘t ’m I  I u m c t n , l h c  p ass  t b i u ” ’ i m a - b m a v  o lum e  of

i - h is II ‘ - - : 1 1 , i l l  I b m ,  p i ’ t N ’ - n l ’ h -  cmf ma pot - m u l l  u . p~~ss I l m m - ~ m p h  t h i , - ‘i , l I m , : i - I -  of c~ n

I to be t b , ,  s p u l : I - c c  ~iI  s n u n f :m c c ) .  ‘l ’b uas m ’, , , u l d  p i c i -  a c u r l - - i - i - f  I I N -  J

I- o r - ’ \ l  , x , c - ’h l i : ’ l l  d i s t a l - i ’ m - i - i , I ’ ~. ( 1 l 7 1  b e c o n u u , ’s
1

= —~~ j l ,, N- 
1I

~ _ _ I

i’ t m t ’ i ’ c ’ k I ’ I 1 C , s  r t ’p l ;o-~’ - I nu \ , , r n I

1 / 2
l _ 2 k l1 — — I N  I

o 2 ,, m u m

__~~
‘ _ ‘  

~~~~~~~~~~~~~ 
in l i t - f - i ’ ’ -  n i , - - I I I .

U, . ( l i t - I l , I . 1 , ( 1 1 1 1 5 ,  I I I ’ - c t i ’ i c  Probes ,_ I ’ l a s n i C u  I l l i i m o - t i c  I , c - I m n u u l u l m , ’ .. II. I I .
I I t r d ’ i m ~-a t o t m ’ ’  i- end -— . 1.. l ,t ’ on : r ’l ( I : d s, ) ~~~a 7T , :m: , i , :  l ’ n ” ’ cc . I nc .  - 

- - -

\~ ‘-,u ‘i i t h , \ - - ‘ . Y o r k , pp 1 1 3- 2 0 0 .
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Thj~ result is on ly  applicable for A > >  r’ , the th ick  shea th  - m P p u ’ l l x u l m m , t i , m i u  and fox - 
i- 

-

a sphere (see Chen 14 for detai ls  of this  development )
‘I’hese resul ts  for the spherical  th ick  sheath approx i r num t mon  - I r t ’  e q u i v a l e n t  to t I m emodel presented in this repo rt. A~ ulescribcd , explicit  a s s ump t i o n s  about  the n a t ur eof the ambient  p l a s m m u - sp m m c e c r a ft  interact ion ire  m a de  tha t  r esult in t en expr essionE q. ( 7 ) )  i den t i ca l  w it h  t h a t  fo r’ a sp h er ic al t h i c k  sh u e t m t h .
F’ j m n , m l l v , as d i s cm i s s , - ’ l I  i i i  i I e t : m i l  in  l (e f e ren c c  10 the p lasma I l i s t n ib u t i o n  i m a n c tj o n ,1- (X V /,, \ , , I (w h e r e  X , 

~~~, /~ a n-c s p m u t i : m i  coordinates  and , •
X t 2 

X —a r c  t e loc it i  components) is the colit ’ t ’ lm t i o n m m l  h~ sis for de s c r i b in g  a spmi -e p l .- a s n u u , , .Ti n is  func t ion  w as  simp lif ied N v a s su n m in g  ar_ i isotrop ic , collisionless p lu isma w h i c h
gives:

I- (\ \ Z V , \ , \ I d x d v m N - d \  ‘IV ‘I tx ‘. ‘- - x v z -

re

1 / -)-) ‘, ‘) —
V = (V + \ + \ )x y i-

\ s  n i i s c u s c e n l  in t i n t -  t e x t , t b m m ~ is m , n u p h i z h m x i n n i t I , , u i  mend n m i u s t  he use ’l  with  ‘ m~~- .

___________ ---- -9~~~__________
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