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L I G H T N I N G  HAZARD TO ROCKETS DURING LAiJNCH I. 

Heinz W. Kasemir 

The launch of  a rocke t  through thunder ,  o r  shower, c louds  

c a r r i e s  w i th  i t  a d e f i n i t e  l i g h t n i n g  hazard - not  s o  much because 

t h e  rocke t  w i l l  be h i t  a c c i d e n t a l l y  by n a t u r a l  l i g h t n i n g  but  

because t h e  rocke t  w i l l  t r i g g e r  o f f  i t s  own l i g h t n i n g  as soon as 

i t  e n t e r s  s t r o n g  e l e c t r i c  f i e l d s  i n s i d e  t h e  cloud.  The l a r g e r  

t h e  rocke t  the  h i g h e r  t h e  f i e l d  concen t r a t i on  f a c t o r  i s  a t  t h e  ends  

of the  rocke t .  The chance t h a t  l i g h t n i n g  be i g n i t e d  by t h e  i n t r u d i n g  

rocke t ,  even i n  c louds  t h a t  do no t  con ta in  f i e l d s  s t rong  enough t o  

produce n a t u r a l  l i g h t n i n g  d i scha rges ,  i nc reases  i n  the  same propor t ion .  

It i s  t h e  purpose of t h i s  r e p o r t  t o  d i scus s  sone of  t he  fundamental 

problems involved i n  such a s i t u a t i o n .  

The na tu re  of  charge genera t ion  and i t s  d i s t r l - u t i o n  i n  

d i f f e r e n t  t y ~ e s  of  c louds  i s  s t i l l  an  open ques t ion .  For lack of 

a more a c c u r a t e  and d e t a i l e d  p i c t u r e ,  t h e  model of  the  t r i p o l a r  

thunderstorm t h a t  i s  gene ra l ly  accep ted  and presented i n  t h e  l i t e r a t u r e  

has t o  be considered o u r  working hypothesis .  Never theless ,  t h e  

concluFj,ons - + drawn fsom t h i s p l p d e l  can be r e a d i l y  gd jus ted t o  any 

o the r  model, i f  a c t u a i  measurement i n  t h e  cloud sugges t s  a modified 

vers ion .  



The charge d i s t r i b u t i o n  and f i e l d  l i n e s  of a t r i p o l a r  thunder-  

storm model are given i n  a q u a l i t a t i v e  way i n  f i g u r e  la. The p o s i t i v e  

and negat ive  main space charges  are loca ted  i n  t h e  upper and lower 

p a r t  of t he  storm. Below t h e  main nega t ive  space charge a t  t h e  

base of t h e  storm i s  ano the r  p o s i t i v e  space charge pocket. The 

f i e l d  a t  t h e  ground of t h i s  arrangement of charges  i s  shown 

i n  f i g u r e  l b .  I f  t h e  storm would move over  t h e  recording s t a t i o n  a t  

t h e  ground, t h e  trace of t h e  P. G.  ( p o t e n t i a l  g r a d i e n t )  o r  f i e l d  

recorder  would appear  similar t o  t h a t  of f i g u r e  l b .  Only a small 

f r a c t i o n  of  t h e  f i e l d  l i n e s  reach t h e  ground; most of t he  f i e l d  l i n e s  

terminate  i n s i d e  t h e  storm. Note a l s o  t h a t  a t  t he  po in t s  marked 

z e r o  i n  f i g u r e  l b  t h e  f i e l d  changes p o l a r i t y  and goes through 

zero.  Th i s  i s  by no means a n  i n d i c a t i o n  t h a t  t h e  f i e l d  i n  t h e  

c loud i s  a l s o  zero .  To deduce t h e  f i e l d  i n  t he  cloud from ground 

measurements i s  a n  extremely d i f f i c u l t  t a s k  because t h e  f r a c t i o n  

o f  f i e l d  l i n e s  reach ing  t h e  ground depends on a number of f a c t o r s  

u sua l ly  n o t  known; t h e i r  e x i s t a n c e  i s  o f t e n  n o t  r e a l i z e d .  However 

t h e  e l e c t r i c  f i e l d  i n s i d e  t h e  cloud i s  the  determining agen t  f o r  

t h e  genera t ion  of  n a t u r a l  l i g h t n i n g  d i scha rges ,  as wel l  as  a r t i -  

f i c i a l l y  t r i g g e r e d  o f f  l i g h t n i n g  d i scha rges  by rocke t  pene t r a t i on ,  

and should be t h e  key parameter of a l i g w n i n g  warning system. 

The f i e l d  a t  the ground w i l l  be weak i f  ( a )  p o s i t i v e  and 

negat ive  space charges  i n  t h e  cloud are of equa l  amount, ( b )  t h e i r  

mutual d i s t a n c e  i s  small, ( c )  t he  d i s t a n c e  t o  ground i s  l a r g e ,  



Figure  1. (a) T r i p o l a r  thunderstorm model 

( b j  P o t e n t i a l  g r ad i en t  a t  t he  ground below thunderstorm 



( d l  the  space charges  are spread more h o r i z o n t a l l y  than  v e r t i c a l l y ,  

(e l  the  conduc t iv i ty  i n  t he  cloud i s  much snraller  than i n  f r e e  a i r ,  

which r e s u l t s  i n  a sc reen ing  su r f ace  charge a t  the  c l o u d - a i r  

boundary, (£1 t h e  conduc t iv i ty  of t h e  f r e e  a i r  i n c r e a s e s  wi th  

a l t i t u d e ,  which r e s u l t s  i n  a sc reen ing  space charge i n  f r e e  a i r ,  

and (g) a sc reen ing  space charge b lanke t  e x i s t s ,  r e s u l t i n g  from 

corona d i scha rge  a t  the  ground. 

A t  p r e sen t  t h e  only  s a f e  means t o  determine t h e  f i e l d  i n s i d e  

t h e  cloud i s  t o  measure i t  from an  a i r p l a n e  equipped with  ins t ruments  

record ing  a l l  t h r e e  components of t h e  e l e c t r i c  f i e l d  vec to r  and 

capable  of cloud pene t ra t ion .  Even t h i s  means r e q u i r e s  e x p e r t  

knowledge because the  a i r p l a n e  has  t o  p e n e t r a t e  t he  cloud a t  t he  

r i g h t  a l t i t u d e  t o  measure t he  maximum f i e l d s .  I n  t h e  middle of t h e  

p o s i t i v e  o r  nega t ive  space charge r eg ions ,  f o r  i n s t a n c e ,  t h e  f i e l d  

w i  11 be c l o s e  t o  zero.  This  can be seen from f i g u r e  2a and b y  which 

r e p r e s e n t  the  p o t e n t i a l  func t ion  4 and e l e c t r i c  f i e l d  E ve r sus  

a l t i t u d e  h through t h e  c e n t e r  of t h e  storm. There are two c r i t i c a l  

a l t i t u d e s  wi th  maximum f i e l d  va lues  marked by t h e  l e t t e r s  g and 

c i n  f i g u r e  2a and b; c i s  t h e  b i r t h  p lace  of  c loud d i scharges  

and g t h a t  o f  ground d i scharges .  These maximum f i e l d s  always 

occur  between two space charges  of oppos i te  p o l a r i t y .  We have 

now t o  determine the  t h re sho ld  va lue  of  t h e  e l e c t r i c  f i e l d  necessary 

t o  i g n i t e  s l i g h t n i n g  d i scharge  and how much t h i s  t h r e sho ld  va lue  

i s  lowered by t h e  i n t r u d i n g  rocke t .  



Figure 2 .  (a) Potential  function versus a l t i tude h through the 
middle of the storm 

(b) Electric  f i e l d  E versus a l t i tude  h 



The break-down f i e l d  i n  a i r  under  normal p r e s s u r e  i s  a b o u t  

3 x 106v/m. A t  t h e  a l t i t u d e  o f  l i g h t n i n g  o r i g i n  t h e  a i r  p r e s s u r e  

i s  only  a b o u t  h a l f  o f  t h e  v a l u e  a t  sea l e v e l ,  and t h e  breakdown 

f i e l d  may d r o p  t o  1.5 x lo6 V/m. Fur thermore ,  w e  have t o  c o n s i d e r  

t h e  f i e l d  c o n c e n t r a t i o n  caused by t h e  i n t r o d u c t i o n  o f  a c o n d u c t i v e  

body. A p r e c i p i t a t i o n  particle, f o r  i n s t a n c e  a r a i n d r o p ,  h a s  t h e  

f i e l d  c o n c e n t r a t i o n  f a c t o r  of  3 a t  i t s  h i g h e s t  and lowest  p o i n t s ,  

i f  w e  assume t h a t  w e  c a n  t reat  t h e  r a i n d r o p  as  a conduc t ive  sphere .  

T h i s  means t h a t  t h e  f i e l d  around a r a i n d r o p  f a 1  l i n g  through a n  

e x t e r n a l  f i e l d .  o f  500 kV/m would j u s t  r e a c h  t h e  breakdown v a l u e  o f  

1.5 x lo6 V/m a t  i t s  t o p  and bottom. Small  f i l a m e n t s  o f  corona  

d i s c h a r g e  w i l l  emerge from t h e s e  t w o  p o i n t s ,  a d d i n g  conduc t ive  

p r o t u b e r a n c e s  t o  t h e  p r e c i p i t a t i o n  p a r t i c l e .  A t  t h e  t i p s  of  t h e s e  

p r o t u b e r a n c e s  s t i l l  h i g h e r  f i e l d  c o n c e n t r a t i o n  f a c t o r s  w i l l  e x i s t ,  

c a u s i n g  f u r t h e r  growth accompanied by i n c r e a s i n g  f i e l d s .  Once 

s t a r t e d ,  t h i s  p r o c e s s  w i l l  r a p i d l y  c o n v e r t  t h e  corona  f i l a m e n t s  i n t o  

a l i g h t n i n g  d i s c h a r g e .  There are o t h e r  f a c t o r s  invo lved  i n  i g n i t i n g  

a l i g h t n i n g  d i s c h a r g e  t h a t  are n o t  o u t l i n e d  i n  t h e  above o v e r s i m p l i f i e d  

d e s c r i p t i o n .  F o r  i n s t a n c e ,  r a i n d r o p s  are known to  deform i n  s t r o n g  

e l e c t r i c  f i e l d s  i n t o  a s p h e r o i d a l  shape t h a t  would r e s u l t  i n  a h i g h e r  

f i e l d  c o n c e n t , r a t i o n  f a c t o r ,  o r  two p r e c i p i t a t i o n  p a r t i c l e s  can  

b e  c l o s e  enough t o g e t h e r  s o  t h a t  they  are liniced by t h e i r  corona  

f i l a m e n t s  forming a n  e l o n g a t e d  body. For  i g n i t i n g  a l i g h t n i n g  

d i s c h a r g e ,  i t  w i l l  a l s o  be necessa ry  t h a t  t h e  breakdown f i e l d  v a l u e  

i s  s u r p a s s e d  o v e r  a c e r t a i n  d i s t a n c e  ahead o f  t h e  growing corona  



f i l ament .  Otherwise t h e  corona d i scharge  may remain j u s t  t h a t  o r  

even be quenched by i t s  own space charge production.  This  e f f e c t  can 

be of £ s e t  by a sudden f i e l d  i nc rease  caused by t u r b u l e n t  rrotio.1 of  

t h e  a i r ,  which b r ings  pockets of oppos i te  space charge c l o s e  t oge the r .  

These are f i n e r  d e t a i l s ,  mostly of a specu la t ive  n a t u r e ,  and a r e  not  

wi th in  t h e  scope of t h i s  r epo r t .  

We a r e  i n t e r e s t e d  i n  a rough e s t ima te  f o r  t he  e l e c t r i c  f i e l d  i n -  

t e n s i t y  necessary t o  produce l i g h t n i n g  d i scharges  and w i l l  a c c e o t  

f o r  t h e  t i m e  being t h e  value 500 kV/m as a maximum. It  may be 

mentioned i n  t h i s  r e s p e c t  t h a t  t he  au tho r  recorded from an a i r p l a n e  

a f i e l d  s t r e n g t h  of 290 kV/m r i g h t  under t h e  base of  a cumulonimbus 

f o r  about  30 min and t h a t  t h i s  cloud d id  not  produce a s i n g l e  

l i g h t n i n g  discharge.  This  means t h a t  t h e  l i g h t n i n g  i g n i t i n g  f i e l d  

va lue  has  t o  be h ighe r  than 290 kV/m and t h e  r i g h t  va lue  w i l l  l ie  

somewhere between 300 and 500 kV/m. 

The upper end of  the  c loud d i scharge ,  which p e n e t r a t e s  i n t o  

t he  p o s i t i v e  space charge reg'on of t h e  c loud ,  a c c u m u ~ a t e s  nega t ive  

induc t ion  charge.  Also,  t h e  lower end of t h e  cloud d i scharge  

p e n e t r a t e s  i n t o  t h e  nega t ive  space charge r eg ion  of t h e  c loud and 

accumulates p o s i t i v e  induc t ion  charge.  ' These induc t ion  charges  a r e  

formed by e l e c t r o n s  f lowing i n  t h e  h igh ly  ion ized  channel  from i t s  

lower i n t o  i t s  upper p a r t  under the  i n f luence  of t h e  e x t e r n a l  e l e c t r i c  

f i e l d .  This  flow of  e l e c t r o n s  r e s u l t s  i n  a s u r p l u s  of p o s i t i v e  i o n s  

i n  t h e  lower p a r t  and b u i l d s  up a nega t ive  s u r p l u s  charge i n  t h e  upper 



p a r t  of  t h e  channel .  I t  i s  n o t  n e c e s s a r y  or  even p h y s i c a l l y  p l a u s i b l e  

t h a t  t h e  i : .ghtning h a s  t o  c o l l e c t  c l o u d  c h a r g e s  by a wide sp read  

streamer p r o c e s s ,  f u n n e l  t h e s e  c h a r g e s  i n t o  t h e  channe 1, and t r a , ~ s p o r t  

them from one c h a r g e  c e n t e r  o f  t h e  c loud  t o  a n o t h e r  o r  t o  ground. 

We are d e a l i n g  h e r e  only  w i t h  a c h a r g e  s e p a r a t i o n  i n s i d e  t h e  l i g h t n i n g  

channe 1. The c loud  c h a r g e s  remain p r a c t i c a  1 ly  s t a t i o n a r y  d u r i n g  t h e  

s h o r t  l i f e t i m e  of  t h e  l i g h t n i n g  d i s c h a r g e .  They g e n e r a t e  o n l y  t h e  

e l e c t r i c  f i e l d  t h a t  f u r n i s h e s  energy  f o r  t h e  l i g h t n i n g .  There i s  

much c o n f u s i o n  and m i s i n t e r p r e t a t i o n  on t h i s  p o i n t  i n  t h e  l i t e r a t u r e .  

The amount and d i s t r i b u t i o n  o f  t h e s e  i n f l u e n c e  c h a r g e s  are 

determined by t h e  e x t e r n a l  f i e l a  o f  t h e  c l o u d  and t h e  l e n g t h  and 

shape  o f  t h e  l i g h t n i n g  channel .  The c u r r e n t  t h a t  f lows  i n  t h e  

channe l  of  a c loud  d i s c h a r g e  t o  b u i l d  up t h e s e  i n d u c t i o n  c h a r g e s  i s  

i n  t h e  o r d e r  of  100 ampere. T h i s  would a l s o  be t h e  c u r r e n t  t h a t  

f l o w s  th rough  t h e  r o c k e t ,  i f  i t ,  i n s t e a d  of  a p r e c i p i t a t i o n  particle,  

t r i g g e r s  t h e  c l o u d  d i s c h a r g e .  We w i l l  see later t h a t  a l a r g e  

r o c k e t  w i t h  a much l a r g e r  f i e l d  c o n c e n t r a t i o n  f a c t o r  can i g n i t e  a 

c l o u d  d i s c h a r g e  i n  much weaker f i e l d s .  Correspondingly  t h e  i n d u c t i o n  

c h a r g e s ,  as  w e l l  as t h e  c u r r e n t  producing them, would be less. 

We t u r n  now t o  t h e  d i s c u s s i o n  of  a ground d i s c h a r g e  t h a t  would 

start  a t  p o i n t  g i n  f i g u r e  2a or  b. The l e a d e r  s t r o k e ,  which i s  

t h e  f i r s t  p a r t  of  t h e  ground d i s c h a r g e  and o c c u r s  b e f o r e  i t  makes 

c o n t a c t  w i t h  t h e  ground, w i l l  form i n  a manner similar t o  t h a t  o f  

t h e  c l o u d  d i s c h a r g e .  The d i f f e r e n c e  i s  t h a t  t h e  upper  part of  t h e  



l e ade r  s t r o k e  w i l l  grow i n t o  t he  nega t ive  cloud charge region 

accumulating p o s i t i v e  induc t ion  charge,  and t h e  e a r t h  bound p a r t  

growing through the  lower p o s i t i v e  space charge pocket w i l l  c a r r y  

nega t ive  i nduc t ion  charge.  Cur ren ts  i n  the  l e a d e r  s t roke  of a 

ground d i scha rge  w i l l  be of t h e  same o r d e r  as those  i n  a cloud 

d i scharge  but  w i l l  f low i n  t h e  r eve r se  d i r e c t i o n .  The s i t u a t i o n  

however changes d r a s t i c a l l y  as soon as  he l e a d e r  s t r o k e  touches 

ground. The l i g h t n i n g  channel has  the  l a r g e  nega t ive  p o t e n t i a l  

of i t s  o r i g i n  i n  t h e  c loud,  which i s  i n  t he  o r d e r  of many m i l l i o n s  

of v o l t s  a g a i n s t  ground, and i f  ground c o n t a c t  i s  made the  l i g h t n i n g  

i s  recharged t o  ground p o t e n t i a l  du r ing  t h e  r e t u r n  s t roke .  I n  t h i s  

phase l ies  t h e  g r e a t e s t  danger t o  t h e  rocke t  i f  i t  happens t o  

t r i p F , 2 r  o f f  a l i g h t n i n g  d i scharge  a t  po in t  g ,  t h a t  gtows i n t o  

a ground d i scharge .  Being i n  t h e  raiddle of  t h e  l ig i i tn ing  channel  

t he  rocke t  w i l l  ?xperience t h e  s t r o n g  c u r r e n t  surge of 10000 A 

o r  more o f  the  r e t u r n  s t roke .  The r o c k e t ,  however, wi th  i t s  high 

f i e  l d  concen t r a t i on  f a c t o r  may t r i g g e r  a comparatively weak ground 

d i scha rge ,  and the  c u r r e n t  may be smal le r  than  t h a t  of  t he  average 

n a t u r a l  r e t u r n  s t roke .  

Fo r  t h e  c e l c u l a t i o n  of t h e  f i e l d  ~ o n c e r ~ t r a t i o n  f a c t o r ,  w e  may 

s u b s t i t u t e  f o r  t h e  rocke t  a conducting spheroid  of equ iva l en t  

l eng th  and th ickness .  The formula f o r  t h e  f i e l d  concent ra t ion  a t  

t h e  ends  of a n  uncharged spheroid  i n  a n  electric f i e l d  i s  no t  as 

wel l  known as t h a t  f o r  a sphere.  



In a + c  
a - c  -11 

where 

a r= long a x i s  of t h e  sphero id ,  

b  = s h o r t  a x i s  of t h e  sphero id ,  

c  = (a2 - b2) 
112 

= e x c e n t r i c i t y  , 

E 3 e l e c t r i c  f i e l d  a t  the  end p o i n t s ,  

F = e x t e r n a l  f i e l d  of the  c loud ,  

A ;= - = f i e l d  concent ra t ion  f a c t o r .  
F 

The only u n c e r t a i n  parameter i n  equa t ion  (1) i s  the  length of the  

r o c k e t ,  because it  i s  n o t  known t o  what l eng th  t h e  exhaust  f lames 

can be considered a conductor. I f  w e  assume f o r  numerical eva lua t ion  

t h a t  t h e  t h i ckness  of t h e  rocke t  i s  2b = 10 m = 33 f e e t ,  and the  

length i s  2a = lOOm = 330 f e e t ,  t h e  f i e l d  concen t r a t i on  f a c t o r  

i s  about 50. I f  we add ano the r  100 m t o  t h e  leng th  of t h e  rocket  

t o  inc lude  the  exhaust  flames i t  becomes 150. This  would mean t h a t  

cloud f i e l d s  as low a s  10 t o  30 kV/m have t o  be considered p o t e n t i a l l y  

dangerous. Compared wi th  the  l i g h t n i n g  i g n i t i n g  f i e l d s  of about  

300 t o  500 k ~ / m ,  one has  t o  expect  t h a t  p r a c t i c a l l y  every non- 

thundering r a i n  shower i s  capable  of producing f i e l d s  s t rong  enough 

f o r  rocke t  i g n i t e d  l i gh tn ing .  

G P O  856-295 
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