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SUMMARY 

The a u t h o r s  have p r e s e n t e d  earl ier  ( r e f e r e n c e  1) a t h e o r y  t o  
e x p l a i n  t h e  magnitude o f  "b lowoff"  c u r r e n t s  i n  d i e l e c t r i c  s u r f a c e  
d i s c h a r g e s .  Being a p u r e l y  p r e d i c t i v e  t h e o r y ,  t h e  c o m p u t a t i o n a l  
mechanism a l l o w s  c a l c u l a t i o n  o f  t h e  e l e c t r o m a g n e t i c  and e l e c t r o -  
s t a t i c  r e s p o n s e s  w i t h  an  a r b i t r a r y  s u b s t r a t e - t o - g r o u n d  impedance. 

Here we p r e s e n t  r e s u l t s  f o r  t h e  e l e c t r o m a g n e t i c  r e s p o n s e  t o  
t h e  d i s c h a r g e  o f  a n  80 c m  d i a m e t e r  d i e l e c t r i c  sample mounted on a 
120 c m  d i a m e t e r  c y l i n d e r .  W e  assume t h e  d i e l e c t r i c  t o  be charged  
w i t h  a  known p o t e n t i a l  p r o f i l e  d r o p p i n g  s h a r p l y  n e a r  t h e  edge ,  and 
t h e  s u b s t r a t e  i n i t i a l l y  grounded. During t h e  e a r l y  p a r t  o f  t h e  
d i s c h a r g e  (510 n s )  t h e r e  i s  l i t t l e  d i f f e r e n c e  between t h e  grounded 
and f l o a t i n g  cases. Beyond %10 n s  t h e  grounded exper iment  i s  i n  
approx imate  s t e a d y  s t a t e ,  c o n t i n u i n g  t o  blow o f f  c h a r g e  u n t i l  t h e  
d i e l e c t r i c  i s  s u b s t a n t i a l l y  d i s c h a r g e d .  The f l o a t i n g  c a s e ,  how- 
e v e r ,  shows modest ly  d e c r e a s i n g  e m i s s i o n  and r e s p o n s e .  E v e n t u a l l y ,  
a  q u a s i - s t e a d y  s t a t e  i s  reached  i n  which c h a r g e  i s  t r a n s p o r t e d  
from d i e l e c t r i c  t o  s u b s t r a t e  r a t h e r  t h a n  blown o f f .  

INTRODUCTION 

Labora to ry  s t u d i e s  o f  t h e  blowoff  and SGEMP r e s p o n s e s  t o  d i -  
e lectr ic d i s c h a r g e s  have been performed by s e v e r a l  workers  ( r e f s .  
2  t h r o u g h  6 )  u s i n g  t h e  t y p e  o f  e x p e r i m e n t a l  s e t u p  shown i n  Fig-  
u r e  1. W e  show t h e  e q u i v a l e n t  c i r c u i t  f o r  t h i s  mea9urement i n  
F i g u r e  2. The t o t a l  c i r c u i t  c u r r e n t  i s  I = V/R + CV. W e  have 

' -lo L, where L i s  t h e  o b j e c t  d imension i n  meters, and C 'L 1 0  
-9 

R 5 10R i n  a t y p i c a l  l a b o r a t o r y  e x p e r i m e n t ,  g i v i n g  RC 'L 1 0  sec- 
o n d s  f o r  a meter -s ized  o b i e c t .  The "blowoff  c u r r e n t  measurementn 
is ,  t h e r e f o r e ,  a measurement o f  t h e  p o t e n t i a l  r eached  by t h e  t es t  
o b j e c t  under  c i r c u m s t a n c e s  where t h e  RC t i m e  c o n s t a n t  is s m a l l e r  
t h a n  any t ime c h a r a c t e r i z i n g  t h e  d i s c h a r g e .  E x p e r i n e n t e r s  u s i n g  

* T h i s  work suppor ted  by t h e  Defense Nuc lea r  Agency under  Con- 
t r a c t  DNA001-79-C-0079 and DNA001-79-C-0027. 



l a r g e r  r e s i s t a n c e s  ( r e f .  2 )  have found s u b s t a n t i a l  changes i n  
t h e i r  s u b s t r a t e  c u r r e n t  measurement, Is = V/R. 

9 I n  geosynchronous o r b i t ,  however. we have R 2. lo8-10 R ,  s o  

that.RC 2. 10-*-10-~ seconds. The blowoff c u r r e n t  i s  then  given 
by CV. For blowoff c u r r e n t s  as l a r g e  as  t h o s e  measured i n  t h e  
l a b o r a t o r y ,  t h e  e n t i r e  s p a c e c r a f t  w i l l  rise t o  a p o t e n t i a l  com- 

p a r a b l e  t o  t h e  d i s c h a r g e  p o t e n t i a l  i n  1 0 - ~ - 1 0 - ~  seconds,  long be- 
f o r e  t h e  d i scha rge  i s  complete. The r a i s e d  s p a c e c r a f t  p o t e n t i a l  
w i l l  t hen  prevent  blown o f f  e l e c t r o n s  from escap ing  t h e  s p a c e c r a f t  
v i c i n i t y .  

Of g r e a t  importance i n  s p a c e c r a f t  charg ing  i s  t h e  e l e c t r o -  
magnetic (SGEMP) response o f  t h e  s p a c e c r a f t  t o  a d i scha rge .  Ex- 
per iments  t o  measure t h i s  response a r e  more e l a b o r a t e  and d i f f i -  
c u l t  t o  i n t e r p r e t  than  simple blowoff exper iments .  Nonetheless ,  
such exper iments  have been performed ( r e f s .  3 . 4 ) .  and long - l a s t i ng  
s u r f a c e  c u r r e n t  responses  observed. 

The SGEMP response i s  due p r imar i ly  t o  t h e  blowoff charge ,  
i .e . ,  t o  c u r r e n t  which t r a v e l s  a long  d i s t a n c e .  When t h e  blowoff 
i s  quenched by an e l e v a t e d  s p a c e c r a f t  p o t e n t i a l ,  t h e r e  a r e  t h r e e  
p o s s i b i l i t i e s  concerning t h e  subsequent SGEMP response  : (1 ) t h e  
e n t i r e  d i s c h a r g e  may be quenched; ( 2 )  t h e  d i s c h a r g e  may proceed 
i n  such a way t h a t  no e l e c t r o n s  t r a v e l  long d i s t a n c e s ,  t h u s  
quenching t h e  SGEMP response;  o r  ( 3 )  e l e c t r o n s  may con t inue  t o  
t r a v e l  l a r g e  d i s t a n c e s  from one p a r t  o f  t h e  s p a c e c r a f t  t o  ano the r  
wh i l e  t h e  SGEMP response  cont inues .  W e  demonstra te  below t h a t ,  
a t  l e a s t  f o r  one f u l l y  p r e d i c t i v e  model of t h e  blowoff p roces s ,  
t h e  l a s t  a l t e r n a t i v e  holds .  

DISCHARGE MODEL 

Our c a l c u l a t i o n s  are based on a d i s c h a r g e  model w e  have pre-  
s en t ed  e lsewhere  ( r e f .  1). W e  neg lec t  t h e  i n i t i a t i o n  of t h e  d i s -  
charge  and i t s  spread over  t h e  sample, and assume t h e  d i e l e c t r i c  
i s  e m i t t i n g  e l e c t r o n s  i n  space-charge-l imited f a sh ion  over  i t s  
e n t i r e  su r f ace .  By s o  doing,  we ach ieve  material independence 
a t  t h e  expense of being a b l e  t o  p r e d i c t  t h e  exper imenta l  rise 
t i m e .  S ince  a s h a r p  p o t e n t i a l  drop a t  t h e  sample edge g i v e s  an 
i n f i n i t e  space-charge-l imited c u r r e n t ,  w e  must make some assump- 
t i o n  about  t h e  v o l t a g e  p r o f i l e .  For  a c i r c u l a r  sample of  r a d i u s  
R, w e  choose t h e  fo l lowing  form, which has  a "hea l ing  l e n g t h "  A:  



For the geometry of figure 3, we find the total emission current 
(under grounded conditions) to be given by: 

where I is in amperes and V in volts. Undoubtedly, the constants 
in equation (2) will display some dependence on experimental de- 
sign and voltage profile, but we found this expression in good 
agreement with experimentally measured peak substrate return cur- 
rents. 

For the calculations described here, as well as those per- 
formed earlier, we use a hybrid electrostatic/electromagnetic 
code, in which a non-uniform, high resolution electrostatic grid 
(needed to resolve thin dielectrics, high potential gradients, 
and space charge limiting) overlays a uniform electromagnetic 
grid (needed for conservative, noise free propagation of electro- 
magnetic waves). The trajectories of emitted electrons generate 
currents and charge densities which couple the solutions on the 
electrostatic and electromagnetic grids. 

The electrostatic portion of the code calculates the electro- 
static potential, V, from 

T L and tracks particles in the electric field E = E + E where 
-. -. ... L 

E~ = -VV. Separation of the fields into electrostatic (E , - T -. 

tongitudinal, curl-free) and electromagnetic (g  , transverse, 
divergence-free) components is a well known technique. For the 
problems of interest the longitudinal fields are the primary in- 
fluence on the particle trajectories, while the transverse fields 
determine the SGEMP response. The electromagnetic code uses the 
particle information to generate a source current density, J, and 
timesteps -. 

T where J, is determined by requiring V E = 0 ,  or 
-. ..a 



s u b j e c t  t o  t h e  same boundary cond i t i ons  as  V. Knowledge of B i s  
then  e q u i v a l e n t  t o  knowledge of s u r f a c e  c u r r e n t s .  -d 

The c e n t e r i n g  f o r  t h e  e lec t romagnet ic  code i s  shown i n  f i g -  
u r e  4 .  T h i s  c e n t e r i n g  has  t h e  advantage t h a t  c u r r e n t s  and poten- 
t i a l s  a r e  de f ined  on t h e  o b j e c t  s u r f a c e s ,  whi le  e l e c t r i c  f i e l d s  
are de f ined  i n  space,  making it easy  t o  feed  e l ec t romagne t i c  
f i e l d s  i n t o  t h e  e l e c t r o s t a t i c  code and t r a c k  p a r t i c l e s  i n  t h e  
t o t a l  f i e l d .  I t  i s  e s s e n t i a l  t h a t  t h e  d i s c r e t e  r e p r e s e n t a t i o n s  
of  Laplac ian ,  d ivergence ,  and g r a d i e n t  form a c o n s i s t e n t  s e t ,  so 

T t h a t  V g van i shes  numerical ly .  For t h i s  c e n t e r i n g ,  it is  n o t  
p o s s i b l e  t o  c o n s t r u c t  a  simple o p e r a t o r  such t h a t  d i v  c u r l  B 
van i shes  i d e n t i c a l l y .  This  problem i s  solved by i n c l u s i o n  o f  
c u r l  B i n  equa t ion  ( 6 ) .  

..d 

W e  wish t o  fo l low t r a j e c t o r i e s  of o n l y  t h o s e  e l e c t r o n s  which 
escape  t h e  v i r t u a l  cathode formed immediately above t h e  e m i t t i n g  
d i e l e c t r i c  su r f ace .  The e l e c t r o n  emiss ion r o u t i n e  e m i t s  t h a t  
c u r r e n t  of  ze ro  k i n e t i c  energy e l e c t r o n s  needed t o  main ta in  a 
non-negative s u r f a c e  normal e l e c t r i c  f i e l d .  T h i s  c u r r e n t  is  
g iven  by t h e  Child-Langmuir law: 

where Az i s  t h e  mesh spac ing  in  f r o n t  of  t h e  e m i t t i n g  s u r f a c e ,  
and EZ i s  t h e  mean e l e c t r i c  f i e l d  a c r o s s  Az (assumed e l e c t r o n  

r e p e l l i n g )  . 

RESULTS 

For  grounded (R+O) and f l o a t i n g  (R-J) s u b s t r a t e  c a s e s ,  c a l -  
c u l a t i o n s  were c a r r i e d  o u t  f o r  an 80 c m  d i ame te r  d i e l e c t r i c  
mounted on a 120 c m  d iameter  metal  c y l i n d e r .  The test o b j e c t  
w a s  i n  a grounded 240 c m  diameter vacuum tank .  The p o t e n t i a l  Vo 

- 

(equa t ion  (1)) w a s  -15 kV. I n  a l l  cases t h e  t o t a l  emiss ion cur-  
r e n t  dropped from an anomalously high va lue  t o  a quas i - s teady  

v a l u e  i n  seconds. 

C a l c u l a t i o n s  f o r  grounded s u b s t r a t e  c o n f i g u r a t i o n s  w e r e  
c a r r i e d  o u t  f o r  s e v e r a l  v a l u e s  o f  A .  The SGEMP s u r f a c e  c u r r e n t s  
w e r e  monitored a t  s e v e r a l  p l aces  on t h e  c y l i n d e r .  Some o f  t h e  
d a t a  i s  p re sen ted  i n  t a b l e  I. For  s m a l l  v a l u e s  o f  X (X/R <_ 0.1) 
t h e  peak s u r f a c e  c u r r e n t  i s  a t  t h e  sample edge,  whi le  f o r  smoother 
p o t e n t i a l s  t h e  peak c u r r e n t  occurs  beneath  t h e  sample i n t e r i o r .  
The f r o n t  s u r f a c e  c u r r e n t ,  a f t e r  a rise t i m e  o f  ~2 nsec ,  has  
mainly  a d c  component. The sur face  c u r r e n t  a t  t h e  rear co rne r  
is  about  an o r d e r  of  magnitude less, and has  s u b s t a n t i a l  r i n g i n g  



imposed on i t s  d c  va lue .  The d c  components of t h e  response  w i l l  
d i e  o u t  on the  t i m e  scale f o r  t h e  d i e l e c t r i c  t o  s u b s t a n t i a l l y  
d i scha rge ,  i . e . ,  1 - 1 0  psec. For smal l  X ,  t h e  s u r f a c e  c u r r e n t  
beneath  t h e  sample i n t e r i o r  has  a  n e g a t i v e  p recu r so r  ( f i g u r e  5 ) .  
Th i s  can be understood by examining t h e  Maxwell equa t ion  

For p o i n t s  f a r  from t h e  sample edge,  where 2 i s  s m a l l ,  t h e  r i g h t -  
hand s i d e  of  (8 )  i s  i n i t i a l l y  dominated by t h e  e l e c t r i c  f i e l d  of  
t h e  l a r g e  e l e c t r o n  c u r r e n t s  being emi t t ed  nea r  t h e  sample edge. 

Simulat ions  f o r  t h e  f l o a t i n g  t e s t  o b j e c t  were performed f o r  
X = 0.03, 0.05, and 0.10. The r e s u l t s  a r e  shown i n  f i g u r e s  6 
through 10 ,  and i n  t a b l e  11. The c a l c u l a t i o n s  were c a r r i e d  o u t  
f o r  -50 nsec .  T h i s  is  a  long enough t ime t o  e l e v a t e  t h e  test  
o b j e c t  t o  near i t s  maximum p o t e n t i a l ,  b u t  n o t  enough t o  d i s c h a r g e  
t h e  d i e l e c t r i c  by more than a  few pe rcen t .  Among t h e  monitored 
q u a n t i t i e s  were t h e  emiss ion c u r r e n t  I ,  t h e  o b j e c t  p o t e n t i a l  V ,  
and t h e  sample-edge s u r f a c e  c u r r e n t  K .  The tes t  o b j e c t  capac i -  
t ance  was 75 pf .  

From f i g u r e s  6 through 8 ,  t h r e e  t i m e s  (des igna ted  tl, t2,  
and t3 i n  t a b l e  11) can be i d e n t i f i e d :  

(1) The r ise t ime of t h e  s u r f a c e  c u r r e n t  K. Th i s  i s  com- 
parab le  t o  t h e  t i m e  it t a k e s  an a c c e l e r a t i n g  e l e c t r o n  
t o  t r a v e l  a d i s t a n c e  A .  

( 2 )  The r ise t ime of  t h e  "measured blowoff ,  " cC. T h i s  i s  
comparable t o  t h e  t i m e  f o r  an e l e c t r o n  of  energy Vo 

(15 kV) t o  t r a v e l  a d i s t a n c e  comparable t o  t h e  sample 
dimension (-1 m ) .  

( 3 )  The t i m e  f o r  t h e  tes t  o b j e c t  p o t e n t i a l  t o  ach ieve  a  
value  comparable t o  Vo, a t  which t i m e  t h e  "measured 

blowoff" e x h i b i t s  a  sha rp  drop.  

F igu re  9 shows t h e  evo lu t ion  o f  p a r t i c l e  t r a j e c t o r i e s  f o r  
t h e  X = 0.10 m c a s e .  I n i t i a l l y ,  t h e  e l e c t r o n s  t r a v e l  i n  n e a r l y  
s t r a l g h t  l i n e s  from t h e  neighborhood o f  t h e  tes t  o b j e c t  t o  t h e  
tank  w a l l ,  a t r i p  of  c40 nsec.  A s  t3 i s  passed ,  t h e  t r a j e c t o r i e s  

e x h i b i t  s u b s t a n t i a l  cu rva tu re .  E l e c t r o n s  emi t t ed  f o r  t > t3 are 
seen t o  t u r n  around and r e t u r n  toward t h e  tes t  o b j e c t .  

I t  i s  of i n t e r e s t  t o  compare t h e  t i m e  development o f  t h e  
c u r r e n t s  I ,  K,  and CV. A f t e r  t h e i r  i n i t i a l  t r a n s i e n t s ,  I and K 
behave s i m i l a r l y ,  decaying by about  %30 p e r c e n t  from tl t o  t3. 

The back corner  s u r f a c e  c u r r e n t  ( f i g u r e  1 0 )  l i k e w i s e  has  a decay 



of %30 percent  i n  i t s  dc component over  t h i s  time, although here 
t h e  r iny ing  i s  comparable t o  t h e  t o t a l  response. The blowoff cur- 
r e n t ,  CV, decays more r a p i d l y  from i t s  peak a t  t2, a s  shown by 

t h e  decrease  from t2 t o  t3 of the blowoff f r a c t i o n ,  &/I. Table 

I1 a l s o  i n d i c a t e s  t h e  decrease in  blowoff f r a c t i o n  a s  X becomes 
small compared wi th  t h e  mask s i z e ,  i .e . ,  when most of t h e  c u r r e n t  
i s  emit ted very c l o s e  t o  t h e  edge, a s u b s t a n t i a l  f r a c t i o n  h i t s  
t h e  mask. This  behavior has  been seen i n  t h e  measurements of  
Balmain ( r e f .  6 ) .  

CONCLUSIONS 

W e  have simulated t h e  temporal behavior and SGEMP response 
t o  a d i e l e c t r i c  discharge f o r  a space-charge-limited emission 
model under grounded o r  f l o a t i n g  condi t ions .  The measured blow- 
o f f  c u r r e n t ,  CQ + V/R, has a r i s e  t i m e  comparable t o  t h e  time it 
t a k e s  an e l e c t r o n  t o  t r a v e l  a d i s t ance  comparable t o  t h e  sample 
s i z e .  Under f l o a t i n g  condi t ions ,  t h e  t e s t  o b j e c t  rises t o  a 
p o t e n t i a l  comparable t o  t h e  maximum p o t e n t i a l  ac ross  t h e  d i e l e c -  
t r ic .  For t h e  geometry considered, t h i s  caused a decrease  i n  
emission c u r r e n t  and SGEMP response of ~ 3 0  percent .  A t  l a t e  
t i m e s ,  t h e  e l e c t r o n s  formerly blown o f f  t o  t h e  tank wa l l s  o r  t o  
plasma ground t r a v e l  l a r g e  d i s t ances  around t h e  test o b j e c t  o r  
spacec ra f t .  Thus, on t h e  sample t h e  SGEMP response was decreased 
only  modestly from t h e  grounded case.  However, t h e  ground r e t u r n  
c u r r e n t  was l imi ted  t o  V/R. 

The amount of charge t r ans fe r red  from t h e  d ischarging  su r face  
t o  t h e  tank wa l l s  i s  s u b s t a n t i a l l y  reduced when t h e  sample imped- 
ance exceeds a few hundred ohms. This  ag rees  w e l l  wi th exper i -  
mental measurements. The i n i t i a l  blowoff c u r r e n t  c u t s  o f f  on a 
t i m e  s c a l e  of l e s s  than a hundred nanoseconds f o r  a f l o a t i n g  
sample as opposed t o  microseconds when t h e  s u b s t r a t e  is grounded. 
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I TABLE I .  SVRFACE CURRENT RESPONSE FOR DISCAARGES (GROUNDED SUBSTRATE) 

V o l t a g e  P r o f i l e  1 = . 4 0  X = . 2 0  X = .10 X = . 0 5  X = . 0 4  X = . 0 3  
(Vo = -15 kV) 

Peak C u r r e n t  
(A/m) 

Rad ius  of Peak 
Current  (m) 

Peak S u r f a c e  Cur- 0 . 6 7  0 . 8 5  1 . 3  2 . 4  2 . 8  3 . 4  
r e n t  a t  Rear  
Corner  (A/m) 

N e g a t i v e  P r e c u r s o r  none  none  none  - 1 . 8  - 2 . 7  - 3 . 8  
(A/m) a t  r = 0 . 2 0  m 



TABLE 11. RESULTS FROM SIMULATIONS OF THE DISCHARGE 
OF A DIELECTRIC ON A FLOATING TEST OBJECT 

Emission Current 

m l )  (A) 8 5 

1 (t2) 7 0 

I (t3) <62 

Local Ground Potential 

V(tl) (V) 250 150 350 

V(t2) 5500 4700 3700 

V (t3) >I2000 14000 11000 

Peak Blowoff Current 

c$(t2) (A) 43.5 36.0 24.8 

Blowoff/Emission Ratio 

c+(t2)/1 (t2) .62 .77 -92 

c3(t3)/1(t3) <. 54 .52 -75 

Surface Current 

K(tl) (A/m) 2 4 18 11.7 

K (t3) <18 11.5 - 8 
Emission/Surface Current Ratio 

I(tl)/2nK(tl)(m) -57 .47 .42 

1 (t3) /2nK (t3) -.55 .51 -. 4 



- - 
Figure  1. - Typical  l a b o r a t o r y  s e t u p  used f o r  d i s c h a r g e  response  

measurements. 
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Figure  2 .  - Equivalent  c i r c u  
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MEASUREMENT 
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it f o r  measurement o f  blowoff c u r r e n t  
from a s p a c e c r a f t  o r  test  o b j e c t  undergoing e l e c t r o -  
s t a t i c  d i s cha rge .  



Figure  3 .  - Dimensions o f  test  o b j e c t  used f o r  t h e s e  c a l c u l a t i o n s .  
The e l e c t r o s t a t i c  and p a r t i c l e  t r a c k i n g  c a l c u l a t i o n s  
had 0.2 c m  r e s o l u t i o n  i n  f r o n t  o f  t h e  d i e l e c t r i c ,  
whi le  t h e  e lec t romagnet ic  c a l c u l a t i o n s  had 6.7 c m  
r e s o l u t i o n .  

F i g u r e  4 .  - Center ing  scheme f o r  t r a n s v e r s e  e l ec t romagne t i c  
code. S c a l a r  q u a n t i t i e s  ( p o t e n t i a l  $, magnetic 
f i e l d  B+, c u r r e n t  d ivergence  V-J) are cen te red  a t  
s o l i d  p o i n t s ,  while v e c t o r  q u h f i t i e s  ( t r a n s v e r s e  
electric f i e l d  E ,  c u r r e n t  d e n s i t y  J) are cen te red  

-, - 
at crosses. 



Figure 5 .  - Surface currents versus t i m e  
a t  r = 0 . 4  m and r = 0 . 2  m f o r  discharge 
with X = 0 . 0 3  m .  Note negative precursor 
f o r  small r .  
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Figure 6 .  - Emission current, conductor 

4 

10,000 

5,000 

2,300 

1, I00 

500 

:!oo 

:Loo 

50 

20 

10 

potent ia l  and i ts  der ivat ive ,  and surface 

- 

- - - - - - - 
- 
- 

- - - - - - 
- 
- 
- 

- 
- - - 
- 
- 

1 I I 
0 10 2 0 3 0 

current a t  square edge for  X = 0 . 0 3  m. 

Time (ns) 



Emisaion Current 

0 10 2 0 3 0 4 0 50 

Time (ns) 

Figure 7. - Emission current, conductor potential and its 
derivative, and surface current at sample edge for 
X = 0.05 m. 
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Figure 8 .  - Emission current, conductor potent ia l  and i ts  deriva- 
t i v e ,  and surface current a t  sample edge f o r  A = 
0.10 m. 
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Figure 9. - Time evolution of electron trajectories for A = -10 m, 
floating test object. Each frame shows all trajectory 
segments for the specified time period. It is ap- 
parent that charge emitted early in time is blown off 
to the tank wall, Charge emitted beyond about 40 ns, 
while traveling a comparable distance, is seen to 
curve back toward the sample can. 



Figure  1 0 .  - Surface c u r r e n t  a t  r e a r  co rne r  f o r  X = 0.05 m, 
f l o a t i n g  tes t  o b j e c t .  
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