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Preface I

This paper grew out of discussions wi th  S. I . l)s’ Forest , E . C. Wh ipp le ,

• Rub in , and L. \V . Parke !. The d l !  a W I ’ r ’ E’ pro v ided  h~’ 1( 5 !)  (S . E. DeForest) .
C. P . P ike  provided t ’xt eus ly e  vSwour agement .
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Spacec raft Charg ing Mode l—
Two Maxwe llian A pprox imat on

I. I ‘~‘I RO1 )L ( : I I ( )  ‘I.

1 2 .
In ( 2 1 5-  c e t t  1 111 G a r r et t  and Do Forest , it  s as don s 1St ra te .1 that  the plasma

It ~~I - s y n c h : 1 - IflV S o r b i t  5 5 -  u -s t  - r t , ’r representable I~v expans ions  t n  t e r nss  of

\ t~~x - u  e l l i an  I s t i ’ i I ’ u t  1 - 1 5 .  151 J l i I tt ICUIi t t ’ , a ( 1 1 - 5 5  r ip t  to n in t e rf l l S  of t h e  sum of t w o

~1 ax -s c h u m  I’ o n ,b l I ,l ( nt IS I S  1 1 1 1 111 1 - -  adoquat clv represent the plasma Sn about

35/ lo t - cen t ill t he  S ’ I S I S s t u u I L l ’ c I . In G ar r e t t , a simp le spacecraf t  charging code

l ’ass ~ I ,~r1 t 1~e’ .s 1’rk It  W h ip p l e 4 :lf l ’I  Do I i i  a - s t  w a s  developed wh i c h  made use of

t i c  si r e te  u : i r ( i c l ’  ne lsu r~~ t - u ~~:u t S  r e t t s rne d  l,\ t h e  A I S — a  geosynchronous s a t e l —

I I -  in I h I I I  l’ l,t~~ u a:1l~ t’ ~O o \‘ ‘ - I ~ (l keV . Vrl le m odel ~u 1teu’euI , however , from

being unable  to t rent  ac c u r a t ely  ~$ a x w e I I  ian  components  except in a n a r r f n’ range

ot 1 ’  , tmt nH and I l’ t I  p e rat ur e s  f i l l s ’  to the ns’et,~ss i t v  of t a k i n g  dssc re te  energy steps

II p Uhl I ( . l t O It /  12 JnI~ 197th

1. Gar ret t , I I .  B.  ( 1 17 7 )  Modeimg of the Geosvnchr t ’nous  Orb it  Plasma Envi ro n—
.“ t  — l ’ ar l i , A 1”GI V - F l l — 7 7 — 0 2 8 8 , AD A05:3 164.

2. t ; a  r t - I ’t t , H. II . and ] ) c I ’o r e s t , S . F, ( l979b) An ana lyt i ca l  s imu la t ion  of the
i~i’ i svn ch  l on Ilus plasma e nv ir o n m e n t , to appear in Planet. Spa~ e Sci.

: . Ga rr e t t , 11. Fl . (1978) Sp a c e cr a f t  Po t en t i a l  Calcula tIons  — A  Model, A F GL -
T R - 7 8 - O l l ( i , A F  Surveys irs Geop1~~~Tcs , No. ~387 , AD A060 151.

4. Wh ip~~le , F . C (1 l~~~~) hlst FqUIliI1NUIS’I ±~~~~~~~~i~V~~ 
j ’o t e n t i a l  o f a f l o d in t he

I JIpe r  A t m o s p here , N A I A N — t ~l 5 — 6 5 — 2 9 6 .

5. DeL rest , S. F . ( 11 1721 Spa i ct r a f t  c h a r g i n g  at svnch - oni ’us orbit , 3. Geo.~~~~~
lies. 27 : 1I~,l.
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F x p r ’ - s s i - - l h . s  lU and / 7 ~ are 1li,tt 1-d in Figul’c 1. ~~s we shall see , tI i , -v  i l l  I I I

t l t l V I i n l i l ’flt ,Ii importance in IOI I I IV  spacect’aft  charping 1I IIllicIIt t lnf i S  and cams Ill’

i’a~~iIv app lied Ill ‘a lculate t i ii  c ur r e n t  t I n  t i 0  sate l l ite  T Iu ic Ill t i ll’  l I t I ll l lC t l t  environ—

It i l ’ f l t  ‘i n ! ’ a nI:tstna l- I I n l s u s t i lbg III 1151-  lIr I l Ol i e  - nt t l 3 l I I l l C l I t S . A-S an I -x ll rnple, f o r  the

,n5 1  lIf ~ / - , i in -\ I1 iX i’ .C i ij l i l l  d is t r i bu t iu l l  (Ii i ’ I c ( IYu l t ) S  and a negative potential:

1/ ”  ~ ‘P11 -  t~~’ ~~ 
‘I’’F

~ I: N1. (N I N I 
~
, ‘ N2 I-: . T2  N (- 1 (8)

‘5 u s’  I I  -

N h l -  nun lbe s ’  - h ’ l I t i  ~t ’.- 1 1 - 0  1 - I t - 1 - t  run consponerit 1

~
‘F’ 1 F ‘ I ( ‘t l l }I l r O t S h  I I  for 1 1 I ’c I  X I I I  ( - ( Impone nt  I

N 2 N nunibe r iIen~ it V in I r I - i l - u t  lOIn comli ponemI t 2

T2 1- — I - t  u s p s - ra t u re  for ( ‘ l i l t  ron clll l lpon(’nt 2

Similar S- q u Ilt  m - -~~ s fo llow r nr conibinat ions nt , -1 , II I’ III ~ l1l’ r 51,1111 5 Ill’ Maxws- i l ian

components.

I. ~F ( (  I’ . I ) -~R ‘~ I’ \II~~ l( )\  Ct it RI -  ‘I I

~~r - u - I I n d a r v  emission is t he rosult cu e le( ’t  i’ r lns beIng e jected from C O  s a t e l l i t e  - 

V

S U rt l l - l  due to impinging electrons and 11115 5 ( i l -n uiOcollII l I Ill S 11 I C  III ni important) .

The seco ndary eulsiss ion cul’reflt is g Iv i l i  by i I - c t l le ns be r , ,l~~~ and .i ,~ are  in u n i t s

of n, cr11

12 

:a: ~::~~~a. - - - — , 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - 
V -- V~~~~~~~~~~~~ -~~~~

I 

/
• 

~~~~ 
‘Ii 1~~ F - I I  1 1 11

Ill , t t u , ’. i- , t l !,iI I H in  l I n u X  y i l I If al pI , \ t O i I V t  I ill  I l u t ’ eh’n t 1 - ‘Il - - I ’

5 1 1 19 ~.i
t _ l  

- , - t l  - ,
~ 

- i  
m l  9 ‘ I’

-
~ I V  I II i’ - i  I — I t ‘- t iOt

It ‘i -

55 1 ‘~~
- :

~1 ~ ~
l _ ii

Ii 0 i i ~ -~

I ’  i .  \ 2 . H l ’ ’9. I

t i l l  I ii’ t I l Imi I
t l I l’ r  9 , S I I I -  t ’ l’l’li 3 I I n I I I C V I  I II 1 l 9 i 1 1 1  ,‘ . It 5 ,10  l ’ I ’V n I~~~l ’fl t o  II,-

ill n I 0 . C  , i ,n ’ l , l ’ 1 , 1 1 1  It it l i Fin t I l n ’ l l I l n I , i t  I O1I0 ’ t I  n - Il s n c l i t  l , ’ r t i n  II 1114 li l l) %I ln ’ I t u I 1 t  III

9111 011111’ O l ’ I l ’ I O  i i i  \\ 1 1010, ’ ,

I n Il  I - I - n ’ n ’ t l ’ ~ ~l I l - I  9 . I 1 I - ,.  - I t 1 I~~n 0 -  I n I  - I I :

- / I’ i .( l . ’l 1 1 1 1 ’  Ii’

5
1

. 1  ‘S I ’ ~~ 1 F ~~~~~~~~~~~ I
I

V I n i: ~
- ‘ ‘1

C / C 1 1 , 1 9 1 1  I ’ i t

I 
~

i l  l~

t Ill ’ l i l n I l l  I f l i n I l t I  c1 I I1 i i , It I n I ’ ~~~~~~~~~~~~~~~ 
I l I I I SI i cu i l l s  , I’ 111151 , 11, 101 ’S l ’i ’ . Ill -

t t ’ 9 l I I ~~t ’n l It I I t i l t l C l I c , I i I \  111111 9 Ill, ’ ( IIIt II1 I 11 11 1 1 I C  . I l I i n i I l lt i l i l  i o l I1l I l I I I ’. l ’l i i ’

I 1 ’ - i i I lli 11 0 0 1 0 1 .  I ’ l l  I,’ ~~~~~ ~~~ 
n i t ’ ) , I , It Il ’ n l Iii 1 19 1 1 1 1 ’  I~ 9 III d i l ’, l l  l l ’ nliii f t t u  - 

It n t  O I l  t i l l  t . 1 1 1 1 0 all -Il Il ( I I , I I It I i \ , lii - \ ‘  - l i - 1 0 1  e ’\  lil t

(I . — l i i  h ’ \ t

~ :t

-- - -- - - - - ~~~~~~~~~~~~~~~~ - - _ _ _- - ~~~~~~~‘ -~~~ -- 
-

~~~~~~~~
--

~~ - ~~~~~~ - V-~~~~~~~~ ~~~~~



I

0~~’ -
I A I OMI NI J M ’I

~t— m•ostjrp d
55 

fst$ d
551 0~ O -

z

~~ 04 ’  -

ii
‘1,
2’
~~l 0.~’ -
it~

000 In 1 1 ~~~~~ Ni4

l0~
’l 0 0’ l0~ lO~ Il~~

’ I n 5~

PRIMARY ENERG Y .11

i- li re  2 . I ‘lol III’ I lie l O I n ,  1 1 1 1 1  
~t nI I i  l ’n ’t 1 011 1 Ret iliii,’t I V II’ n~~~~ n 1 1 , 1 , 1 1  i t i  I l ime I n

i i 1 , t  i n l il fl,I 1I1I1 II1 ’ l i I i l , ’llt ( I l l . l is ut 1 11111 1 1 1 1 1 1  ,‘f I- ’ iit - i - ~’s

0 8 4 ,

0 7 4

063

0 32 -

0 2 1 -

0 I I ~ 
-

000l~ 2 4 6 8 lb 2 4 9 I~ 20
T E (kaV l

l- ’ iptmi” :4 . IFt I i l l  III 5,’n - l l u Il:tI’\ 1-11 , 1 01 111 NiI l i i I ’ l ’ l’ 1 ‘ I I I \
l)tie I,~ I-II ,n-t 1 111 130111110 i’diiie~~l I.l~q:) I~ A ms ibce i i l  I ’ i t ~n -

h Ill \iiillll,’i- 1 - I I I X  i t t—
~i i i ’1ac , ’ 5, ? 

~~~ 
\‘ l’i’ t- i i l t f  l’l’ I 1 1 3 1 1 ’l ’ llh i l i l’

~~~ ~, 1 f ist ’ V i  1 1 1 1 1 1 0  I’i’I t ” i i t i a Is

14



-- ~~~~~~--V

~~~ •~ l-: 1
~~i-:’ ~ ~~ ‘ i-:~ 

( 12 )

st here

t- 0
-0. 021451 ’

~
( I ’i~

) < 0.114:1 - 0. H42 c N ‘l’~ - 20(1 c V  ~ 0
- 

1 -0 . 0003’I’ . 
-

L 0. 143 s 0. 740 e 1 ‘I’~ . ‘ 200 - \ ‘  
~ 

0

.-\ l tht ’ugh s t - i ’ h ave mit , t  ( I S C I I  tlii~ s ’ x p ! ’ l ’ s s ic ln  in t I l t ’ mns ,ds ’ l l~~t ’ 5 i ’ ml t t ’ l hel l - , the

90 111 Iii so l l iputa t  11111 tO i l s’  i r  I n t O  t h is la t te r  t ’x prs ’s s Ioml  shi i nis ld nutsv s’igh Iili\ I lIsS III
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= ~ K 1 c1t - 0 13 ‘ h- I ( 1~~t

0 Q V ~~~Q

st l it ’ c e

K 1 0. O1III , K~ - )

~ 1060 , \~ :100 , 
- 700

‘rhi s is plotted in Iii~=um’ t’ 1 over  II plot Ill ts
1
(E) for alumsli l luSIS taken ii’uI I l

Whi pple . As t h e  dev ia t ion  011, 51’ 100 kt ’\’ is signi fC’ant , sre have hi iii it (- (I our

iiiitdel to ~0 keV (we ll above t lie L- s’ 9 i on of nat ui’all\ i 1C cur ring chai’gi 119 phl&’Sloii lt’Illi ),

$ ( 1  the dev ia t i l l l l  IS not of 1 of l cel ’ n in our s ’ali’ulat 10155.

In s e r t i n g  Eq. ( 1 :1) in to  N u t .  (9 )  ss s’ i’ i mi d , t o t ’  ç~ — - 0:
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~~ ,f  6 1( E)?~(I-: ) l- : dl-: —4-

~4 - e
’
~~ 

F1 •

[K 1 
~~ 

1- dE I K~ J . e~~ ~~~~~ N ill .:] (14 )

w her’e h i
1 

is t h e  mass  o f t he ions.
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• Eq. ( 1  1 iS intt ’grat t’d 1,ISiII9 tin’ ( ; u i u s s — I  a C t I , i l C  (iua(hi’atui ’(’  f( Il’nsulas. In
I- itiu l ’ s’ :~ We h ays’ plotted ~‘ ~~ 

as ii fum ~ s ’ t  i l mi I n t ’l’ 

I and o. Although Slot 05 StI l l ~lt’
as ~~~~ we can again approx isri ate these gt ’aph i  ‘~il (‘5 till S il l an analvt ic fo r I l l

Jsj (T r . o) J J
(T 1, 9) - W(’ l’ 1, o) ( 1 ; )

w lu  l’re:

0 ~s =- t I

W(’ l’ 1. 9) (4 . 78 - 0. l i: l3 ~~~~ 
I7,i\10~~

b
o - (0 . ~3 3 .78  .

-(0. 72” l0~~ ‘ 0 . i)00 18 . 000 1 
~°)- i’ 

- 0 :

I

439 
- ;

384 4”I0000~~~_~~~~~~~~

us ~~ 4u = - t~ o0V-I

I 65-
- 4it ov

‘ t o n

0

000b 2 4 6 8 0 2 4 6 18 20
T 1(kev)

I- ’igu m ’c 5. Ratio of Secondary IUect l’on Number l”lux Due to 1(111
Romba rdnient (J5~ ) Is  A tiihieni Ion Numbe r ’  F’lux at Ssi rfa ’e (~Vs ’rs us ‘rem ps’rature (T 1) f o r  Va rious Pot emit m i s

Eq. (1 6)  can gtve  negat ive  so lu es as it is ~nhv an approximation. These values
should be set equal to 0.
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As illlpltesi in Its iiatIII ’, I hit ’ has - ksn ’;iI t,’i’ t’d cut’i’eilt is the t’ t ’sult t n f  t}u’

11a5 ’kn-’ I- a it ’ ’ l I i i g  511’ I’ t ’ t l l ’ I l i I I li  ,,i the iiin idt’nt pium ’t iclt ’s . It is , fo r out’ s - a lt ’ imi at ions,

only a stgnif icant fac t o i ’  for e lect  i n ’ i l S . This’ bas ic ’ equ al h Ilt I s :

J 1151’ 
~~~~ 

f  1 1 1 1 1  )3~~’ ’, ) ‘ ( 1~~ dE ( 17)

w hi’ re

10 i f  ~ . 0
x

if~~ .0

11(1-I ’ , 11) P~ r c ’elst age of e lect i-oils sc at t ered it t  a g iv e n  ene rg~- K ’ as a
r,’s~~lI (If an iris’ ident elect r’cifl at ene i’gy N.

1. 1 ene rgy  of b~~. ’ ksn ’alt ei’ed par t ic l es  (11: 1 1-3

K = l’111 ’ l ’4V of incident pa rt IcC’s

l-’t ‘I low ing 5 I ’  c’ng iass , 14( E’ , 1-3 is usually given in the not-nsa ! ized form:

14 1K , 1- ’) — 
( ‘J3 ( 18)

G is g iven as i f uns ’ t i t ’ n  oi’ K / N  for aluminum b~- :

G(E’/ I-:) (E ’/ E)(l  - I /N) (III)

We obta i l l e lt 1151. (19) f rom an approximate fit to  Stem’nglass
7 

and I)I ’l - ’ I’ i,’sl

(p m ’ iva t  I ’ s ’iIIIIIilUtSin ’Ot i lI l l , se t ’ c~am’t ’ et t
3

). Substituting 1111 0 Eq. (17) :

Foi’ tti -~~0:

145K ~~~ ~‘ 
l-~ (20a)

7 . Sterngiass , N .J .  ( 1954) I3ackseatter ing of kilovolt  electrons from solids,
Ph ys. fles. i~1,:34~ .
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ii here :  
‘ I

P1 -
~~ NI

’I’
~~
’’ I -

~

I A  -~- ‘l
~I

h 1, 
—

T h e  m t  eg l ’ at t I n is o” fom’nied Cv the Gauss —I agus’r re quadr atu r’e form ula .

rhe i t - s u I t s , nllrl l s a l l . - t ’d t ’\ ~~~~~ I I
). am’e plotted in l- ig um’e 0 , I lls’ detai led

n u m i i e r i c ’ a l  il l t l ii ! ’iIi 1 1 5 ( 1 1 1 5  mi I- ’i gu re 6 can  hs’ roughly t i l t e d  by:
‘I

lIS~~, I I . ) . J 1 1( o . ‘I’~, ) ( 2 1 )

V ss here

j
_

-
~

- o - ~ 0

I1S t~~ I - — ) — -I

~ (0. 25,1 - 0. 0027 0 c o ~ (0 . 01167 + 0. 657 e °~ 
184~ ) .

L -(0 . 00017 * 0. 0098 l ’ °’ 2 119
) I’~ ~ 0

A s befit re , the actual integral wa s  used for the calculat Ion .
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