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ABSTRACT 

The I n t e r n a t i o n a l  So lar  Po lar  Miss ion spacecraf t  i s  designed t o  us.e 
J u p i t e r ' s  large mass t o  p r o j e c t  i t  i n t o  an o r b i t  perpendicular  t o  the  e c l i p -  
t i c  p lane t o  enable i t ' s  onboard s c i e n t i f i c  experiments t o  c o l l e c t  data over 
t he  n o r t h  and south po les  o f  our  sun. The spacecraf t  w i l l  approach as c lose  
as 5 o r  6 J u p i t e r  r a d i i  du r i ng  the  c r i t i c a l  day o f  maximum o r b i t  change and 
must be designed t o  surv ive  the  h igh  e l e c t r o n  f l u x  surrounding the  p lanet .  

Most o f  the e lec t rons  s t r i k i n g  the  spacecraf t  w i l l  be stopped w i t h i n  
the  var ious  mater ia ls  and produce an increas ing  negat ive p o t e n t i a l  and pos- 
s i b l y  hazardous e l e c t r i c  f i e l d s ,  except f o r  a  few e lec t rons  o f  extremely 
h igh  energy which pass on through and those which are sput tered o f f  as sec- 
ondaries and those which are repe l l ed  by the  increas ing  negat ive p o t e n t i a l .  
I f  the  e lect rons deposited i n  i n s u l a t o r s  produce e l e c t r i c  f i e l d s  which ex- 
ceed the  d i e l e c t r i c  strengths, i.e., f i e l d s  o f  t he  order  of 106 volts/cm, 
then undesired i n t e r n a l  d ischarging can occur. When energet ic  e lec t rons  
penet ra te  o r  are stopped i n  a  nonconductor they reduce i t s  bulk  e l e c t r i c a l  
r e s i s t i v i t y  by increas ing  the  number o f  e lect ron-hole c a r r i e r s  render ing i t  
more o f  a  semiconductor, a  phenomena known as r a d i a t i o n  induced conductiv- 
i t y .  T h i s  then permi ts  more o f  the  e lec t rons  t o  f l o w  through the  d i e l e c t r i c  
toward nearby conductors and away from the  reg ions  o f  h igh  deposited elec- 
t r o n - d e n s i t y ,  thereby reducing the  accompanying e l e c t r i c  f i e l d  and perhaps 
avoid ing any troublesome arc ings and f lashovers.  

I n  t h i s  study we have taken the  ex te rna l  thermal b lanket  t o  be 13 m i l s  
o f  polyethy lene which has known range and stopping power as a f u n c t i o n  o f  
e l e c t r o n  energy, app l ied  t h e  most recent  omnid i rec t iona l  peak Jov ian  elec- 
t r o n  f l u x  a t  5 J u p i t e r  r a d i i ,  ca l cu la ted  t h e  e l e c t r o n  cu r ren t  pene t ra t i ng  
t h e  thermal blanket and allowed t h i s  t o  impinge on a  t y p i c a l  20 m i l  po ly-  
e thy lene i n s u l a t o r  surrounding a  wire. The r a d i a t i o n  dose r a t e  t o  the  insu- 
l a t o r  i s  then ca lcu la ted  and the  new e l e c t r i c a l  c o n d u c t i v i t y  found. The 
r e s u l t s  demonstrate t h a t  the  increased e l e c t r o n i c  m o b i l i t y  i s  s u f f i c i e n t  t o  
keep the  maximum induced e l e c t r i c  f i e l d  two orders o f  magnitude below the  
c r i t i c a l  breakdown st rength.  

CALCULATIONS 

A thermal b lanket  13 m i l s  t h i c k  cons i s t i ng  o f  22 l ayers  of Sheldahl, 
kapton, mylar, t e f  lon, and vacuum deposited aluminum i s  approximated i n  t h i s  
study by a  13 m i l  l aye r  o f  polyethylene. The po lye thy lene parameters used 
i n  t h i s  c a l c u l a t i o n  are: a  d i e l e c t r i c  constant o f  2.3, a  dens i t y  of 0.92 
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gram/cm2, a  volume r e s i s t i v i t y  o f  1017 ohm-cm, and a  d i e l e c t r i c  s t rength  
o f  0.5 x  106 vol ts lcm. 

F i g u r e  1 d i sp lays  the  e l e c t r o n  range i n  po lye thy lene as a  f u n c t i o n  o f  
e l e c t r o n  energy p l o t t e d  from data  i n  Reference 1. Fo r  a  13 m i l  o r  0.033 cm. 
th ickness  we f i n d  t h a t  e lec t rons  w i t h  energies below 0.16 Mev are stopped 
w i t h i n  t h e  thermal b lanket .  I n  t h i s  study we are concerned w i t h  the e lec-  
t r o n s  which penetrate t h i s  b lanket  and reach a  t y p i c a l  i n s u l a t e d  w i re  w i t h i n  
t h e  spacecraft ;  t he  i n s u l a t i o n  around t h i s  w i re  i s  taken t o  be po lye thy lene 
w i t h  a  th ickness  o f  20 m i  1  s  o r  0.051 cm. We f i n d  f rom F i g u r e  1 t h a t  elec- 
t r o n s  w i t h  energies g rea ter  than '0.29 Mev pass on through t h i s  0.051 cm. o f  
i n s u l a t i o n .  

F i g u r e  2  i l l u s t r a t e s  t h e  t o t a l  stopping power i n  polyethy lene as a  
f u n c t i o n  o f  e l e c t r o n  energy p l o t t e d  from data i n  Reference 1. The e lec t rons  
w i t h  energies between 0.16 Mev and 0.29 Mev which are deposi ted i n  our 20 
m i l  i n s u l a t o r  o f  i n t e r e s t  lose  an average o f  2.6 Mevlcm.; there fo re ,  they 
impart  an energy t o  t h i s  d i e l e c t r i c  equal t o  t h e i r  i n i t i a l  energy minus t h e  
energy they  l o s t  w h i l e  t r a v e r s i n g  t h e  13 m i l s  o f  thermal b lanket .  T h i s  av- 
erage 0.22 Mev e l e c t r o n  loses an average o f  2.6 Mevlcm. t imes 0.033 cm. o r  
0.085 Mev t r a v e r s i n g  t h e  thermal blanket, and has remaining 0.22 Mev minus 
0.086 Mev y i e l d i n g  0.134 Mev f o r  deposi t  i n  our inner  i n s u l a t o r .  The elec- 
t r o n s  having energies g rea te r  than 0.29 Mev which pass through our  i nne r  
d i e l e c t r i c  lose approximately 2.2 Mevlcm.; there fo re ,  they impart  2.2 
Mevlcm. t imes 0.051 cm. f o r  0.112 Mev per  e l e c t r o n  t o  t h e  polyethy lene.  

F igu re  3  g ives  t h e  Jov ian  e lec t ron  omnid i rec t iona l  i n t e g r a l  peak f l u x  
as a  f u n c t i o n  o f  energy a t  a  d is tance o f  5  J u p i t e r  r a d i i  p l o t t e d  from data  
i n  Reference 2. Th i s  omn id i rec t i ona l  f l u x  needs t o  be d i v i d e d  by 4  t o  o b  
t a i n  t h e  c o r r e c t  number c ross ing  u n i t  sur face per  second according t o  Refer- 
ence 3. Values from F igu re  3  are 2.8 x  108 electronslcm2-sec a t  0.16 Mev 
and 1.7 x 108 electrons/cm2-sec a t  0.29 Mev. A f t e r  app rop r i a t  l y  d i v i d i n g  
by t h e  necessary 4, these f l u x e s  become 7.0 x  107 electrons/cmf-sec a t  0.16 
Mev and 4.2 x  107 electrons/cm2-sec at 0.29 Mev. 

The r a t e  of e l e c t r o n  dens i t y  deposited i n  the  i nne r  i n s u l a t o r  i s  
(7.0 - 4.2) x  l o 7  e-/cm2-sec = 2.8 x  l o 7  e-/cm2-sec. T h i s  i s  m u l t i p l i e d  by 
t h e  e l e c r o n i c  char e  o f  1.6 x  10- l9 oulomb t o  y i e l d  a  c u r r e n t  dens i t y  o f  9 4 4.5 x  10- l2  amp/cm . These 2.8 x  10 e-/cm2-sec which s tay  i n  the  insu la -  
t o r  impar t  an average energy of 0.134 Mev pe r  e l e c t r o n  f o r  a  product of 
3.75 x l o 6  ~ev /c rn~ -sec .  The 4.2 x  l o 7  e-/cm2-sec o f  h igher  energy e l e c t r o n s  
which penet ra te  t he  i nne r  i n s u l a t o r  lose an energy o f  0.112 Mev per e l e c t r o n  
f o r  a  product  of 4.7 x  106 Mev/cm2-sec. Th is  t o t a l  o f  8.4 x  l o 6  ~ e v / c m ~ -  
sec i s  converted t o  a  dose r a t e  by using the  i d e n t i t y  1 rad = 6.25 x  107 
Mevlgram t o  g ive:  

7  (8.4 x l o 6  Mev/cm2-sec) ( 1  rad-gm16.25 x  10 Mev) 

The r a d i a t i o n  induced conduc t i v i t y  i s  ca l cu la ted  us ing  



f r om Reference 4, where q i s  t h e  e l e c t r o n i c  charge o f  1.6 x  10-19 coulomb, K 
i s  t h e  d e n s i t y  f u n c t i o n  f o r  e lect ron-hole p a i r s  o f  3  x  1013 pairs/cm3-rad, 7 

i s  t h e  s t a t e  l i f e t i m e  o f  10-11 sec, p i s  t h e  m o b i l i t y  o f  1 cm2lvolt-sec, and 
b i s  t h e  dose r a t e  i n  rad lsec .  Our t y p i c a l  i n n e r  po l ye thy lene  i n s u l a t o r  has 
i t s  c o n d u c t i v i t y  changed near J u p i t e r  by t h e  amount 

1 -1 
AU = 5 x 10- l7 seclrad-ohm-cm (2.9 rad l sec )  = 14 x  10- l7  ohm- -cm 

The new c o n d u c t i v i t y  i s  expressed as t he  sum o f  t h e  i n i t i a l  and t he  change 
y i e l d i n g  

An e l e c t r i c a l  model i s  now cons t ruc ted  f o r  t h e  charge d e n s i t y  depos i ted  
i n  t h e  i n s u l a t o r  and f o r  t h e  equ i va len t  c i r c u i t .  I t  t u r n s  ou t  t h a t  t h e  as- 
sumed shape o f  t h e  charge d e n s i t y  doesn ' t  r e a l l y  mat ter ,  i.e., i t  may be an 
i sosce les  t r i a n g l e  d i s t r i b u t i o n  w i t h  t he  apex a t  t h e  cen te r  o f  t h e  insu la -  
t o r ,  o r  a  s i nuso ida l  d i s t r i b u t i o n  w i t h  t h e  maximum i n  t h e  center ,  o r  a  d e l t a  
f u n c t i o n  w i t h  a l l  charge depos i ted  r i g h t  a t  t h e  cen te r .  The maximum value 
o f  t h e  e l e c t r i c  f i e l d  produced i n  t h e  i n s u l a t o r  i s  found from Po isson 's  
equa t ion  

t o  be EmaX(x,t)  = *s pmaX(t ) /E,  where s  i s  t h e  i n s u l a t o r  t h i ckness  and E 

i s  t h e  i n s u l a t o r  p e r m i t t i v i t y .  The equ i va len t  e l e c t r i c a l  c i r c u i t  i s  taken  
t o  be an i n s u l a t o r  hav ing bo th  capaci tance and r e s i s t a n c e  i n  p a r a l l e l ,  
grounded on each side, w i t h  h a l f  t he  deposi ted e l e c t r o n  c u r r e n t  f l o w i n g  i n  
each d i r e c t i o n  as shown i n  F i g u r e  4. T h i s  model becomes 

The r e s i s t i v e  c u r r e n t  d e n s i t y  i s  g iven  by Ohm's equa t i on  

The c a p a c i t i v e  o r  displacement c u r r e n t  d e n s i t y  i s  g i ven  by 

T h i s  y i e l d s  



which has the s o l u t i o n  

T h i s  i s  expressed i n  terms o f  the maximum e l e c t r i c  f i e l d  as 

The charging t ime constant i s  found by 

x ( 1  m1100 cm) = 1360 sec 

The maximum obta inab le  e l e c t r i c  f i e l d  i s  g iven by 

max = 3'120 = (4.5 x 10-I' amp/crn2)12(15 x lo-17 ohm-l-cm-l) 

4 
= 1.5 x 10 vo l ts lcm 

The equat ion f o r  t h e  e l e c t r i c  f i e l d  becomes 

4 E,(t) = 1.5 x 10  vo l ts lcm ( 1  - e - t /1360 sec 1 

T h i s  maximum e l e c t r i c  f i e l d  of 1.5 x 104 vol ts /cm i s  between one and 
two orders o f  magnitude l e s s  than 5 x 105 volts lcm, the  d i e l e c t r i c  s t rength  
o f  polyethylene; therefore,  no e l e c t r i c  discharges are expected t o  occur 
w i t h i n  the  i n s u l a t i o n  surrounding wires beneath the  spacecra f t ' s  thermal 
b lanket .  

An i n t e r e s t i n g  graph, F igure  5, i s  produced by p l o t t i n g  the  equat ion 
f o r  t h e  charging t ime versus t h e  absorbed cur ren t  f o r  var ious values of re- 
s i s t i v i t y  

E t = - u l n  ( J e l  (Je-ZUE,)) 



One can l oca te  the  appropr ia te  curve f o r  the new r a d i a t i o n  induced conduc- 
t i v i t y  o r  r e s i s t i v i t y ,  l o c a t e  the  deposited cu r ren t  dens i t y  and the re fo re  
f i n d  the  t ime t o  breakdown which f o r  our p a r t i c u l a r  values g ives a  t ime  o f  
i n f i n i t y ,  

One f i n a l  i n t e r e s t i n g  conclus ion i s  found by inspect ing  the  maximum 
e l e c t r i c  f i e l d  t h a t  would be produced i f  the re  were no r a d i a t i o n  induced 
conduct iv i ty ,  i .e., by us ing  the  i n i t i a l  c o n d u c t i v i t y  of 10-17 ~ h m - l - ~ m - l  

5  
'max = J e l 2 ~ 1  = 4.5 x  10- '~ /2  ( 1  x  10-17) = 2.25 x  10 v o l t s l c e  

Th is  i s  s t i l l  less  than polyethy lene's  breakdown s t rength  o f  5 x  105 
vo l  tslcm; there f  ore, no breakdown would be expected even w i thout  the  d ie lec-  
t r i c  degradation. Of course, t h i s  app l ies  on l y  t o  i n s u l a t i o n  beneath the  
thermal blanket. 
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