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SUMMARY 

A computer program i s  being developed t o  s imulate the  i n t e r a c t i o n  of a  
plasma w i t h  a  conducting d i sk  p a r t i a l l y  covered by an i n s u l a t o r .  I n i t i a l  
runs consider on ly  charqe s t i c k i n g  t o  the  d i e l e c t r i c .  Results i n d i c a t e  t h a t  
t he  cu r ren t  densi ty  drawn by the hole i n  the  d i e l e c t r i c  increases a m r o x -  
imate ly  l i n e a r l y  w i t h  vol tage f o r  conductor voltages between 5 Vo l t s  and 250 
Vo l ts .  

INTRODUCTION 

Solar  c e l l  arrays which operate a t  h iqh  vol taae ( k i l o v o l t s )  are beino 
considered f o r  power generat ion on s a t e l l i t e s .  npera t ina  the  s o l a r  c e l l  
arrays i n  the mu1 ti k i  l o v o l  t ranae provides one means o f  improvina e l e c t r i c a l  
e f f i c i e n c y  and reducing weight. However, i f  the  d i e l e c t r i c  ma te r ia l  
i n s u l a t i n g  the var ious p a r t s  o f  these s o l a r  c e l l s  develop holes o r  cracks 
a t  these h igh  voltages, l a roe  drainage cur rents  from the ambient plasma w i l l  
occur, r e s u l t i n a  i n  a  degradation o f  performance. This s i t u a t i o n  i s  f u r t h e r  
complicated by experiments which show t h a t  f o r  e l e c t r o n  c o l l e c t i o n  the  
d i e l e c t r i c  tends t o  e f f e c t i v e l y  increase the  co l l ' ec t i nq  area o f  t he  ho le  and 
the re fo re  increase even f u r t h e r  the coupl ing cu r ren t  ( r e f s .  1-3) .  I n  t h i s  
paper we w i l l  descr ibe a  computer proaram E'P ( f o r  " e l e c t r o s t a t i c  plasma") 
which i s  being developed t o  s imulate the  i n t e r a c t i o n  o f  a  plasma w i t h  a  
conducting disk p a r t i a l l y  covered by an i n s u l a t o r  and maintained a t  any 
des i red  voltage w i t h  respect t o  the  plasma. The s imulated system i s  
i l l u s t r a t e d  i n  f i g u r e  1. 

The s imulat ion i s  w r i t t e n  i n  such a  way t h a t  var ious aspects of t he  
p lasma-d ie lec t r ic  i n t e r a c t i o n  can be taken i n t o  account. I n  t h i s  paper, 
runs w i l l  be described i n  which the  i n s u l a t o r  has been t r e a t e d  on ly  as a  
repos i to ry  f o r  sur face charge. Other computer runs were made which take i n t o  
account secondary emission from the d , i e l e c t r i c  ( r e f .  4 ) .  I n  the  f u t u r e  we 
hope t o  study edge e f f e c t s  more c lose ly ,  alona w i t h  the  i n c l u s i o n  of more 
d i e l e c t r i c  p roper t ies  such as surface cur rents .  

* Th is  work i s  supported i n  p a r t  by NASA Lewis 
Grant #NSG - 3290. 
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DESCRIPTIOY OF THE COMPUTER PROGRAM 

The s t r u c t u r e  of our code ESP i s  shown i n  the  f lowchar t  i n  f iaures  2 and 
3 .  This i s  a 24-dimensional P I C  ( p a r t i c l e - i n - c e l l  ) c a l c u l a t i o n  w i t h  several 
unique features.  P I C  ca l  cu l  a t i ons  are described f u l  l y  e l  sewhere ( r e f s .  5 and 
6) - 

One unique feature of our program i s  the  use of c y l i n d r i c a l  coordinates 
f o r  our  p a r t i c l e  mover. For an i n d i v i d u a l  macropart ic le,  we k e e ~  t r a c k  o f  a 
two-dimensional p o s i t i o n  ( r  ,z) , the  correspondinp v e l o c i t i e s  (vr ,vz) and t h e  

angular momentum a. The q u a n t i t i e s  r, z ,  vr and v, chanae w i t h  t i ~ e ;  L does 

not .  The p a r t i c l e  mover i s  discussed f u r t h e r  i n  Appendix A. 

Another feature of our  proqram i s  the  i n c l u s i o n  o f  several sources and 
s inks o f  p a r t i c l e s  i n  our systetr: there i s  a cu r ren t  f l ow  t o  a ren ion o f  
bare conductor on the  p la te ,  p a r t i c l e s  leave the  a r i d  r e ~ i o n  by t h e i r  i n e r t i a ,  
and o the r  p a r t i c l e s  en te r  the  system as p a r t i c l e s  from the anbient  p l a s ~ a .  
The i n c l u s i o n  o f  these sources and sinks o f  p a r t i c l e s  l e d  t o  another important  
departure from conventional P I C  methods -- t h e  number o f  p a r t i c l e s  i s  al lowed 
t o  vary w i t h  t ime. I n  p rac t i ce ,  the  p a r t i c l e  number i s  l i t r i t e d  by the  
storace we a l l o t  a t  t he  t ime o f  prooram compi la t ion  ( ~ r e s e n t l y  we a l l ow  f o r  
up t o  3000 macroelectrons and 3000 nacroprotons). 

There are 6 d i f f e r e n t  regions o f  our boundary, as shown i n  f i q u r e  4 .  The r - z  
a r i d  represents the  c y l i n d r i c a l  region we are studyina. The three-dimensional 
c y l i n d e r  comes from r o t a t i n o  the g r i d  around the  z-axis .  \'e a re  a l so  assurnins 
t h a t  symmetry e x i s t s  between the  top and the  bottom o f  the s imu la t i on  reaion.  
I f  a p a r t i c l e  crosses the  z -ax is  ( i n t o  boundary reg ion I ) ,  i t  i s  r e f l e c t e d .  
(This would on ly  happen i n  the  case o f  zero angular momentum. ) 

A p a r t i c l e  which moves o u t  of the g r i d  because r o r  z  i s  too  l a rae  
(boundary regions 2 and 3 )  i s  l o s t  from the o r i d .  Fecause we have assumed 
t h a t  t he re  i s  an ambient plasma w i t h  a known dens i ty  and temperature, 
boundaries 2 and 3 a l so  serve as sources o f  macropart ic les;  a t  every t ime 
step, we ca lcu la te  the  number o f  p a r t i c l e s  expected t o  cross i n t o  these 
regions due t o  thermal movement. We add t h i s  number, the v e l o c i t i e s  o f  
which are  chosen from a Maxwell i a n  v e l o c i t y  d i s t r i b u t i o n .  

P a r t i c l e s  movino across the z=O plane, ou ts ide  the  d i s k  (boundary 
region 4 ) ,  are r e f l e c t e d .  I n  the  simplest model, p a r t i c l e s  which move 
across the  z=O plane i n t o  the  reaion o f  t he  d i e l e c t r i c  (boundary rea ion 5), 
c o n t r i b u t e  t o  the  surface charge densi ty  accordina t o  t h e i r  r - p o s i t i o n  ( i  .e., 
they s t i c k ) .  P a r t i c l e s  movinp across t h e  z=O plane i n  the  rea ion o f  t h e  
p inho le  (boundary reqion 6 )  cont r ibu te  t o  the  cur rent .  It i s  t h i s  cur rent ,  
as a f u n c t i o n  o f  p l a t e  voltaae, t h a t  w i l l  be used t o  const ruc t  the  cu r ren t -  
vo l  taqe c h a r a c t e r i s t i c s .  

I n  o the r  respects, our  s imulat ion r e l i e s  on ex tens ive ly  t e s t e d  P I C  
methods. A t  present, the p o t e n t i a l  i s  ca l cu la ted  usina a r e l a x a t i o n  method 



( r e f .  7 ) .  The use of t h i s  method f o r  c a l c u l a t i n p  the  p o t e n t i a l  necess i ta tes  
t h a t  the d i e l e c t r i c  be co inc iden t  w i t h  the  conductor ( i . e . ,  we assume an 
i n f i n i t e l y  t h i n  d i e l e c t r i c ) .  We are p resen t l y  workina on a  Green f u n c t i o n  
approach t o  c a l c u l a t i n g  the  p o t e n t i a l  which we fee l  w i l l  l end  g rea te r  f l e x i -  
b i l i t y  i n  deal ing w i t h  the  d i e l e c t r i c  p rope r t i es .  This  method w i l l  a l l ow  the  
d i e l e c t r i c  t o  be moved o f f  o f  the  a r i d  c e l l  po in t s ,  thus a l l ow ina  d i f f e r e n t  
d i e l e c t r i c  thicknesses. 

RESULTS OF COMPUTER RUNS 

I n  t h i s  sec t i on  we present  the r e s u l t s  of several runs o f  the  corputer  
code. I n  these runs, the d i e l e c t r i c  ac ts  s imply as a  medium on which charae 
w i l l  s t i c k .  The i n p u t  parameters f o r  the run are n iven below: 

Temperature o f  plasma = 1 0 0 0 0 ~ ~  (both species) 
1 0  3 4 3 

Density = 2.0 x  10 p a r t i c l e s / m  = 2.0 x  10 pa r t i c l es / cm (both  species) 

Proton mass/electron mass = 1  .O 

Radius o f  conductor = 0.50~1 

Radius o f  hole = 0.1517 

Thickness o f  d i e l e c t r i c  = 0  

Size o f  s imu la t ion  g r i d  = 20 x  20 

Size o f  g r i d  c e l l  = .05m x  .05m 

Each s imu la t ion  run  i s  begun w i t h  a  uniform Waxwellian plasma occupyinq 
our  g r i d  area. Enough t ime steps are then taken so t h a t  we reach an e q u i l -  
i b r i u m  s t a t e .  The e q u i l i b r i u m  s t a t e  i s  looked f o r  by examining several 
t ime h i s t o r y  p l o t s ,  th ree  of which are shown f o r  t h e  50 V o l t  case i n  f i g u r e s  
5  through 7. 

F iaure  5 i s  a p l o t  o f  the  t o t a l  amount of charge (esu) on t h e  d i e l e c t r i c  
vs. t ime. A t  the  beoinnino o f  the  run, charge i s  accumulatina very r a p i d l y  
on the  d i e l e c t r i c  (s ince  the  conductor i s  heino h e l d  a t  +50 Vo l t s ,  t he  
d i e l e c t r i c  accumulates neqat ive charoe).  Most of t he  charae has heen 
deposited on the  d i e l e c t r i c  by t ime step 200. By t ime s t e ~  700, we appear t o  
have reached an equ i l i b r i um.  Thus, on the  bas is  of t h i s   lot, we are  running 
a t  an e q u i l i b r i u m  s t a t e  between t ime steps 700 - 1000. 

The cumulative t o t a l  o f  tnacroelectrons c o l l e c t e d  by the  ho le  as a  func t ion  
of t ime i s  shown i n  f i g u r e  6. The cu r ren t  drawn by t he  ho le  w i l l  be r e l a t e d  
t o  the  s lope o f  t h i s  curve, and the  s t r a i a h t  l i n e  drawn throuah the  po in t s  
i n d i c a t e s  t h a t  the cu r ren t  i s  constant  from about t ime s tep  500 throuoh t ime 
step 1000. For t h i s  run o f  50 Vo l t s  on the  conductor, t h e  averace e l e c t r o n  



cu r ren t  over t ime steps 500 t o  1000 i s  3.735 x  Amperes. 

Other q u a n t i t i e s  which must come t o  e q u i l i b r i u m  i s  the  number o f  macro- 
e lec t rons  and macroprotons i n  our s imulat ion system. Th is  i s  shown i n  
f i g u r e  7. (Macropart ic les absorbed by t h e  d i e l e c t r i c  o r  conductor a re  n o t  
counted). A t  the  beginning of the  run, the  numbers o f  macropart ic les o f  both 
species are decreased. The macroelectrons are beina absorbed by the  
d i e l e c t r i c  and c o l l e c t e d  by the ho le  f a s t e r  than they are beino replaced a t  
t h e  boundary ( a t  t he  outer  boundaries, p a r t i c l e s  are beina added a t  a  r a t e  
dependent upon t h e i  r thermal v e l o c i t y )  . The number o f  macroprotons decrease 
a t  the  beainning o f  a  run because o f  t he  unshielded p o t e n t i a l  on the  conductor, 
f o rc inq  them t o  leave the  system a t  a f a s t e r  r a t e  than they are beina added. 
The number o f  both p a r t i c l e  species benins t o  increase as the  d i e l e c t r i c  
begins t o  b u i l d  up a  s i q n i f i c a n t  amount of neaat ive charae. Poth the  number 
o f  macroelectrons and macroprotons remain f a i r l y  constant  from t ime step A00 
on, i n d i c a t i n a  an e q u i l i b r i u m  has been achieved. 

Other p l o t s ,  such as k i n e t i c  eneray and d r i f t  eneray o f  t he  macro- 
p a r t i c l e s ,  t he  number o f  macropart ic les l eav inn  the  system, e tc . ,  show t h a t  
an e q u i l i b r i u m  s t a t e  has been reached f o r  t he  second ha l f  of t h i s  s imu la t i on  
run. 

The p o t e n t i a l  i n  the  various a r i d  c e l l s  i s  shown i n  two d i f f e r e n t  types 
o f  p l o t s  i n  f i g u r e s  8  through 10. The le f t -hand  p l o t  i s  a three-dimensional 
representa t ion  o f  the  p o t e n t i a l .  The r- and z-coordinates of the  p l o t  
represent  the  s p a t i a l  coordinates, and the  p o t e n t i a l  i s  p l o t t e d  on t h e  
y -ax is .  The d i e l e c t r i c  i s  denoted hy "Rd", the  ho le  by "Rh". The r i g h t -  
hand p l o t  shows equ ipo ten t ia l  contours, w i t h  contours  lotted for  .05 x  
Voltage, .15 x  Vol taae, . . . , .95 x  V o l  tape. 

F igure 8  shows the  p o t e n t i a l s  a t  t h e  beoinnina of t h e  50 V o l t  run. A t  
t h i s  po in t ,  no charge has c o l l e c t e d  on the  d i e l e c t r i c ,  and the  p o t e n t i a l  
i s  uni form over the  ho le  and the d i e l e c t r i c .  The p o t e n t i a l  on the  ou te r  
g r i d  c e l l s  i s  beina forced t o  zero, which accounts f o r  t he  departure from 
ob la te  spheroids o f  t he  outer  equ ipotent ia l  contours. The s l  i o h t  v a r i a t i o n s  
o f  the  p o t e n t i a l  contours i n  the plasma i s  due t o  i r r e y l a r i t i e s  i n  the  
i n i t i a l  load ing o f  t he  plasma macropart ic les. 

F igure 9 shows the  p o t e n t i a l  a f t e r  500 t ime steps (each t ime step i s  

1.873 x  1  0-u sec) . By t h i s  time, enough charpe has c o l l e c t e d  on the  
d i e l e c t r i c  t o  cause the  p o t e n t i a l  on t h e  d i e l e c t r i c  t o  be c lose t o  zero. An 
e l e c t r o n  sheath has b u i l t  up around the  hole, causinp a  r a p i d  decrease i n  
p o t e n t i a l  away from the  hole. I n  the body o f  t he  plasma away from the  ho le  
and d i e l e c t r i c ,  t h e  p o t e n t i a l  i s  e s s e n t i a l l y  zero. It i s  t h i s  fac t  which 
makes the  assumption o f  zero po ten t ia l  on the  ou te r  boundary v a l i d .  Th is  
p l o t  can be compared t o  f i a u r e  10, which i s  the  p o t e n t i a l  a f t e r  2000 t i ~ e  
steps fo r  t he  200 V o l t  run. Aaain, the  e l e c t r o n  sheath has b u i l t  up around 
the  ho le  so t h a t  t he  outer  po r t i ons  o f  the  plasma near t h e  boundary are 
e f f e c t i v e l y  shielded. The equ ipotent ia l  contours do extend f u r t h e r  ou t  i n t o  
t h e  plasma f o r  t h i s  case than they d id f o r  t he  50 V o l t  run. This w i l l  



e v e n t u a l l y  place a  l i m i t  on t h e  vo l t age  which can be p u t  on t h e  conduct ino 
d i s k  f o r  ou r  p resen t  a r i e  s i z e  and plasma parameters.  

If the re  was no ho le  present ,  and we had a  conductor c o r n ~ l e t e l y  covered 
by a  d i e l e c t r i c ,  one would expect  t h a t  a t  e q u i l i b r i u m  the  vo l t age  would be 
zero  across the d i e l e c t r i c .  (Th i s  would be t h e  case f o r  ou r  ~ l a s m a  para-  
meters,  i . e .  the  r a t i o  o f  p ro ton  mass t o  e l e c t r o n  mass equal t o  one, and 
t h e  p r o t o n  temperature and e l e c t r o n  temperature equal . )  A c l ose  examinat ion 
o f  t h e  p o t e n t i a l s  on t h e  d i e l e c t r i c  show t h a t  a  neoa t i ve  p o t e n t i a l  e x i s t s  
t he re .  T h i s  i s  b e t t e r  i l l u s t r a t e d  i n  f i g u r e  11, which i s  a  araph o f  t he  
p o t e n t i a l s  on t h e  d i e l e c t r i c  and t he  conductor.  The p o t e n t i a l s  i n d i c a t e  
t h a t  t h e r e  i s  an excess o f  neoa t i ve  charpe c l ose  t o  t h e  ho le .  A f t e r  t he  
i n i t i a l  charpe bu i l dup  on t h e  d i e l e c t r i c  which occurs i n  t he  f i r s t  D a r t  of  
t he  s imu la t i on  run, we have observed t h a t  t h e  ~ o t e n t i a l s  a re  always neoa t i ve  
on t h e  i n n e r  p a r t  o f  t he  d i e l e c t r i c .  As t he  s i m u l a t i o n  ~ r o c e e d s ,  t h e  s t r ona  
e l e c t r i c  f i e l d s  due t o  t he  ho le  keep p ro tons  f rom t h i s  r e u i o n  o f  t h e  
d i e l e c t r i c .  Thus, t h i s  p o r t i o n  o f  t h e  d i e l e c t r i c  s t ays  neoa t i ve .  One t h i n a  
which i s  planned f o r  t h e  f u t u r e  i s  t o  s t a r t  a  r un  w i t h  t h e  p roper  a ~ o u n t  of 
charge on t he  d i e l e c t r i c  so t h a t  t he  p o t e n t i a l  i s  zero a l l  t h e  way across 
t h e  d i e l e c t r i c .  It cou ld  then  be seen i f  t h e  sape e o u i l i b r i u m  s t a t e  i s  
achieved w i t h  these i n i t i a l  c o n d i t i o n s .  

F i gu re  12 shows t h e  r e s u l t  o f  our  computer runs o f  ESP.  Th i s  i s  a  p l o t  
of h o l e  c u r r e n t  d e n s i t y  vs. vo l t age  o f  the  conduc t inc  d i s k .  IJe f i n d  t h a t  
t h e  c u r r e n t  dens i t y  increases app rox ina te l y  l i n e a r l y  w i t h  vo l t aae  f o r  conduc- 
t o r  vo l  taaes between 5 V o l t s  and 250 V o l t s .  A f a c t o r  o f  10 inc rease  i n  
vo l t age  increases t h e  c u r r e n t  d e n s i t y  by a f a c t o r  of  6. On t h e  same araph 
i s  a  p l o t  o f  exper imental  va lues ob ta ined  f o r  a    lain d i s k  r e s t i n a  on a  
su r f ace  h e l d  a t  zero p o t e n t i a l  ( r e f .  1 -2 ) .  The p l a i n  d i s k  exper iment has 
s i m i l a r  plasma d e n s i t i e s  and temperatures as t he  ESP run .  It should a l s o  
be mentioned t h a t  t h e  exper imenta l  values commre f a v o r a b l y  w i t h  t h e o r e t i c a l  
values which have been developed f o r    lain m e t a l l i c  d i s k s  as probes on 
spacec ra f t  surfaces ( r e f .  8 ) .  

The most impo r tan t  d i f f e r e n c e  between t h e  two curves i s  t h e i r  d i f f e r i n a  
s lopes.  A t  t h i s  p o i n t ,  reasons f o r  t h i s  d i f f e r e n c e  a re  pure specu la t i on .  
One f a c t o r  which does c o n t r i b u t e  t o  t h e  sma l l e r  c u r r e n t  d e n s i t i e s  of t h e  
s i m u l a t i o n  i s  t h e  smal l  nepa t i ve  vo l  taaes on t h e  d i e l e c t r i c  when e q u i l  i b r i u ~  
has been achieved. However, t e s t  runs have been made w i t h  t h e  p o t e n t i a l  on 
t h e  d i e l e c t r i c  f o r ced  t o  zero ( t h i s  should mimic t h e  exper iment very  c l o s e l y )  
and t h i s  has r e s u l t e d  i n  o n l y  a  10% inc rease  i n  c u r r e n t  d e n s i t y  a t  259 V o l t s .  

CONCLUDING REYARKS 

A  computer program i s  be ing  developed t o  s imu la te  t h e  i n t e r a c t i o n  of  a  
plasma w i t h  a  conduct ing d i s k  p a r t i a l l y  covered by an i n s u l a t o r .  I n  t h i s  
r e p o r t ,  we considered o n l y  charoe s t i c k i n q  t o  t h e  d i e l e c t r i c .  Corpu te r  runs  
w i t h  t h i s  model have been made and r e s u l t s  compared w i t h  exper imenta l  values 
f o r  a  p l a i n  conduct ino d i s k .  



Th i s  computer s i m u l a t i o n  i s  w r i t t e n  so t h a t  o t h e r  d i e l e c t r i c  e f f ec t s  
can be e a s i l y  inc luded .  Another Faper ( r e f .  4 )  discusses r e s u l t s  ob ta ined  
when secondary emiss ion f rom the  d i e l e c t r i c  was inc luded .  

APPENDIX A 

THE PARTICLE MOVER 

The P I C  p a r t i c l e  mover i s  t h e  p o r t i o n  o f  t h e  proorarn which advances t h e  
p a r t i c l e  p o s i t i o n s  and v e l o c i t i e s  ( r ,  z, v,, and vZ)  each t i r e  s tep .  

I n  c y l i n d r i c a l  coord ina tes ,  Laprange's eouat ions f o r  a  s i n a l e  p a r t i c l e  
reduce t o :  

2 .  
and e = mr e, where e i s  a conserved q u a n t i t y .  

We r e w r i t e  t he  f i r s t  two equat ions i n  terms o f  ? and $, and have: 

I n  a  t ime  ht ,  we have, approximately:  

The equat ions of ( A - 3 )  c o n t a i n  v e l o c i t i e s  a t  two d i f f e r e n t  t imes, and 
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Er, EZ, and r, which a re  f unc t i on  of t ime .  The Teap-fron r e t h o d  uses t h i s  t o  

advantape by us ino t h e  v e l o c i t i e s  ~ r e c e d i n n  anc! co l lov~ inc r  E E , and r b y  r '  z 
t t / 2 .  Thus we have: 

I n  t h e  remainder o f  t h i s  Appendix, t h e  t ime  s u b s c r i o t s  w i l l  be droooed. 
The s u b s c r i p t s  " o l d "  and "new" w i l l  be used o n l y  where necessary.  

Suppose we were t o  use (A-4) as i t  stands u s i n a  s t o r e d  va lues f o r  vr ,old, 

v  T r, z, Er ,  E Z ,  r ,  F, and a .  I hen t o  c a l c u l a t e  v ~ , ~ ~ ~ ~ ,  v z , o l d Y  z ,new ' rnev/, 

and 'new f o r  one p a r t i c l e  a t  one t ime  s tep ,  we would have t o  do 11 m u l t i n l i -  

c a t i o n s ,  3 d i v i s i o n s ,  and 5 a d d i t i o n s .  I n  o u r  pronram, we have a v a i l a b l e  t h e  
" q r i d  u n i t s "  :r and LZ;  these,  w i t h  t t, w i l l  a l l o w  us t o  r e w r i t e  (a -4 )  i n  a 
b e t t e r  fo rm f o r  c a l c u l a t i o n :  

r / ~ r  = rOld/br t v new r ,new ( t t l ~ r )  

L e t t i n a  r = r/:r, i = v ( ~ t l ~ r ) ,  e t c . ,  and d e f i n i n a  r r 
e 
L 2 2  3 

a. = ( ~ t  / f r )  ( L  /m :r ) ,  we can r e w r i t e  ( A - 5 \ .  



- - - 
r = r new o l d  + 'r ,new 

= z 'new o l d  + 'r ,new 

Now t o  c a l c u l a t e  ir,new, - - - - 
r Vz,new' newy and 'nevi from ir,old' Vz ,o ld '  a r '  " 

2, Er, and E,, we must do 3 m u l t i p l i c a t i o n s ,  1 d i v i s i o n ,  and 5 add i t i ons .  

Equation (A-6) i s  the bas ic  f o m  of our c y l i n d r i c a l  P I C  mover. 
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Figure 1 - The system s i ~ u l a t e d :  we have a  conductinq d i s k  covered w i t h  a  
d i e l e c t r i c .  Recause we have s i m p l i f i e d  the  system t o  have up-down 
symmetry, there  are d i e l e c t r i c  d isks  on both  s ides o f  t he  
conductor. 

Figure 2 - Flow cha r t :  s e t  up procedure f o r  computer s imu la t i on  



Fiaure 3 - Flow char t :  t ime step loop f o r  computer s imula t ion .  

F igure 4 - The c a l c u l a t i o n a l  g r i d .  One macropar t ic le  i s  shown on the  20 X 20 
g r i d .  The d i e l e c t r i c  i s  d iv ided i n t o  20 sect ions.  
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Fiqure  5 - P l o t  of  t o t a l  charoe accumulated on t he  d i e l e c t r i c  vs. t iw  f o r  a 
50 V run.  

F ioure  6 - P l o t  of the  t o t a l  number o f  e l e c t r o n s  c o l l e c t e d  by t h e  h o l e  vs.  
t ime  f o r  a  50 V run  



h T I M  STEPS - 

Fiaure 7 - P l o t  o f  the number o f  mac ro~a r t i c l es  i n  the s y s t e ~  vs .  t i ~ e  for  a 
50 V run. 

Fiaure 8 - Potent ia l  p l o t s  a t  time step !I for  a  50 '1 run. 



Figure 9 - Potential plots a t  time s t e ~  500 for a 50 V run. 
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Figure 10 - Potential plots a t  time step 2000 f o r  a 200 V run. 
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Figure 11 - Surface voltage profiles.  
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Figure 12 - Plot of current density vs. voltage. 
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