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Accomplishments t o  D a t e :  

O p t i c a l  s i g n a l s  ( 0 . 4  t o  l . l v m )  r a d i a t e d  by Florida l i g h t n i n g  
w e r e  recorded  i n  c o r r e l a t i o n  w i t h  wideband electric f i e l d  s i g n a -  
t u r e s .  The ampl i tudes  and t ime-behavior of t h e  e a r l y  p o r t i o n  of 
t h e  s i g n a l s  produced by r e t u r n  s t r o k e s  i n d i c a t e  t h a t  t h i s  l i g h t n i n g  
p rocess  produces a space-  and t ime-averaged peak r a d i a n c e  on t h e  
o r d e r  of 4 t o  1 3  x l o 5  w a t t s  -- per  m e t e r  o f  channel .  

f i e l d  radiated by r e t u r n  s t r o k e s  i n d i c a t e  t h a t  t h e  peak E M  power 
i s  on t h e  o r d e r  o f  3 t o  20 x lo9 w a t t s  a t  t h e  source .  When t h i s  
peak EM power is  produced, t h e  o p t i c a l  power is  a t  least  2 o r d e r s  
of magnitude smaller,  hence a n  upper l i m i t  t o  t h e  r a d i a t i v e  e f -  
f i c i e n c y  of t h e  channel  a t  t h i s  t i m e  i s  about  1%- From t h e s e  
measurements w e  a l s o  i n f e r  t h a t  a t  t h e  t i m e  o f  t h e  i n i t i a l  c u r r e n t  
peak, (1) t h e  t o t a l  v o l t a g e  drop on t h e  h i  h -cu r ren t  p o r t i o n  of a 
r e t u r n  s t r o k e  must b e  a t  least  2 t o  7 x 1 0  V i n  f i r s t  s t r o k e s  and 
2 to  4 x 1 0 5 V  i n  subsequent  s t r o k e s ,  ( 2 )  t h e  t o t a l  r e s i s t a n c e  o f  
t h e  h igh -cu r ren t  channel  must be a t  l e a s t  6 t o  2 0  R i n  subsequent  
s t r o k e s ,  and ( 3 )  t h e  energy  t h a t  i s  r e q u i r e d  t o  form t h e  propa- 
g a t i n g  t i p  of  t h e  channel  must be a t  least  lo2 t o  P 0 3 J / m .  

I n t e g r a l s  o f  t h e  Poynt ing v e c t o r  of t h e  e l e c t r o m a g n e t i c  (EM) 
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R e c e n t  a n a l y s e s  of  t h e  l i g h t  s i g n a l s  r a d i a t e d  by d a r t  l e a d e r s  
i n d i c a t e  t h a t  a s m a l l  b u t  impor tan t  f r a c t i o n  of  t h e s e  s i g n a l s  
e x h i b i t  an unusua l ly  l a r g e  peak o u t p u t  p e r  u n i t  l e n g t h  of channel ,  
i.e. v a l u e s  t h a t  are comparable t o  o r  even exceed t h o s e  of  t h e  
subsequent  r e t u r n  s t r o k e .  

Data d e r i v e d  from a l a r g e  network of  e lectr ic  f i e l d  m i l l s  
and a l i g h t n i n g  l o c a t i n g  system have been used t o  o b t a i n  t h e  
average  d i u r n a l  v a r i a t i o n  of summer l i g h t n i n g  i n  F l o r i d a .  When 
t h e  s t a t i s t i c s  of l i g h t n i n g  a r e  compared w i t h  t h e  s ta t i s t ics  of 
thunder  on t h e  s a m e  days ,  good agreement i s  found between t h e  
s ta r t  t i m e s  and t h e  t i m e s  of peak a c t i v i t y ;  however, t h e  thunder  
s t o p  t i m e s  t e n d  t o  l a g  t h e  l i g h t n i n g  by 1 t o  2 hours .  The 
d i u r n a l  v a r i a t i o n s  ove r  t h e  A t l a n t i c  Ocean and t h e  Gulf o f  Mexico 
are s u b s t a n t i a l l y  less t h a n  over  land.  Over l and ,  t h e  d i u r n a l  
v a r i a t i o n  i s  such  t h a t  a DMSP s a t e l l i t e  can ,  a t  b e s t ,  d e t e c t  
0 .0007 ,  0 .0004 ,  and 0.0028 of t h e  a c t u a l  d i s c h a r g e s  a t  midnight ,  
dawn, and dusk, r e s p e c t i v e l y .  I f  t h e r e  w e r e  no d i u r n a l  v a r i a t i o n  
t h i s  sa te l l i te  would d e t e c t  about  0 . 0 0 1 4  of t h e  a c t u a l  number. 
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C u r r e n t  and F u t u r e  A c t i v i t i e s :  

W e  have e s t a b l i s h e d  a c o o p e r a t i v e  exper iment  on t h e  r a d i a -  
t i v e  p r o p e r t i e s  of long  s p a r k s  i n  a i r  w i t h  m e m b e r s  of t h e  High 
Vol tage  I n s t i t u t e  a t  t h e  U n i v e r s i t y  of Uppsala ,  Sweden. W e  p l a n  
t o  a n a l y z e  o p t i c a l  d a t a  t h a t  are  produced by long  s p a r k s  (whose 
power and ene rgy  i n p u t s  are known) t o  de t e rmine  bet ter  t h e  power 
and energy  b a l a n c e  of t h e s e  p r o c e s s e s  and u l t i m a t e l y  l i g h t n i n g .  

E f f o r t s  are also b e i n g  made t o  unde r s t and  how t h e  ra tes  
of l i g h t n i n g  a c t i v i t y  i n  v a r i o u s  thunders torms  re la tes  t o  t h e  
t o t a l  Maxwell c u r r e n t  t h a t  is b e i n g  g e n e r a t e d  by t h e s e  s t o r m s .  
The  r e s u l t s  a r e  expec ted  t o  make a n  i m p o r t a n t  c o n t r i b u t i o n  t o  
our  unde r s t and ing  of  t h e  thunde r s to rm as a source i n  t h e  g l o b a l  

c i r c u i t  . 
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