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Wilson 's  hypo thes i s  of t h e  g l o b a l  a i r -  
e l e c t r i c  c i r c u i t  w i t h  t h e  thunders torms a s  
g e n e r a t o r s  has  no t  been proven up t o  now. The 
e x a c t  p h y s i c a l  mechanism r e s p o n s i b l e  f o r  t h e  
g e n e r a t i o n  of f a i r  weather  e l e c t r i c  f i e l d  i s  
n o t  c l e a r l y  unders tood.  Some of t h e  r e c e n t  
remarkable o b s e r v a t i o n s  showed evidence f o r  t h e  
h o r i z o n t a l  f i e l d s  i n  t h e  magnetosphere and 
ionosphere  which p e n e t r a t e  a t  l e a s t  i n t o  t h e  
s t r a t o s p h e r e  and perhaps  i n t o  t h e  t roposphere  
(Kel ly ,  1983). I n  t h e  p r e s e n t  paper a  g r a v i t y  
wave f e e d  back mechanism f o r  t h e  coupl ing of 
t h e  t roposphere  and t h e  ionosphere  has  been 
d i scussed .  The p h y s i c a l  mechanism proposed 
can o f f e r  a n  a l t e r n a t e  e x p l a n a t i o n  f o r  t h e  

'a tmospher ic  e l e c t r i c a l  phenomena d u r i n g  f a i r  
and d i s t u r b e d  weather .  

2. A NEW PHYSICAL MECHANISM FOR THE 
TROPOSPHERE-IONOSPHERE COUPLING 

A s imple  conceptual  model f o r  t h e  
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coupl ing  between t h e  lower atmosphere and t h e  
ionosphere  has  been developed. The model con- 
s i d e r s  c e r t a i n  phys ica l  p rocesses  i n  t h e  atmos- 
p h e r i c  boundary l a y e r  (ABL) and t h e  v e r t i c a l  
mass exchange t a k e s  p l a c e  through a  g r a v i t y  
wave feedback mechanism. The v e r t i c a l  mass 
exchange coup les  t h e  t roposphere  t o  t h e  
ionosphere  l e a d i n g  t o  v a r i a t i o n s  i n  t h e  g l o b a l  
magnetic f i e l d .  It is shown i n  ano the r  paper  
of t h i s  Conference (Poonam Sikka e t  a l . ,  1984) 
t h a t  t h e r e  i s  a  two way i n t e r a c t i o n  between t h e  
ionospher i c  S c u r r e n t  sys tem and t h e  weather  
systems i n  t h g  t roposphere .  A geomagnetic 
s to rm i n  a s s o c i a t i o n  w i t h  a  s o l a r  f l a r e  enhances 
t h e  v e r t i c a l  mass exchange r e s u l t i n g  i n  t h e  
i n q n s i f i c a t i o n  of t h e  weather  systems i n  t h e  

. t roposphere .  
I 

i The v e r t i c a l  cha in  of convec t ive  s c a l e  
e d d i e s  i s  v i s u a l i s e d  t o  extend from t h e  lower 
t roposphere  up t o  ionospher i c  Sq c u r r e n t  
sys tem l e v e l .  Turbulent  e d d i e s  of s u r f a c e  
f r i c t i o n a l  o r i g i n  r i d e  up on t h e  envelopes  of 
t h e s e  convec t ive  s c a l e  e d d i e s  (Fig .1) .  It i s  
shown t h a t  t h e  mic rosca le - f rac t iona l -  
condensat ion which t a k e s  p l a c e  i n  t h e  t u r b u l e n t  
e d d i e s  p rov ides  a  cont inuous supply of buoyant 
energy f o r  t h e  maintenance and growth of t h e  
l a r g e  edd ies  i n  t h e  v e r t i c a l  (Mary Selvam e t  
a l . ,  1983 a ,b )  . The turbule&'-eddies perform 
v e r t i c a l  mixing of t h e  l a r g e  eddy v d ~ e  w i t h  

over ly ing  environmental  a i r .  This  r e s u l t s  i n  
v e r t i c a l  mass exchange i n  t h e  a tmospher ic  column 
extending from t h e  s u r f a c e  t o  t h e  ionospher i c  
l e v e l s .  This  v e r t i c a l  mass exchange g i v e s  r i s e  
t o  upward t r a n s p o r t  of p o s i t i v e l y  charged ae ro -  
s o l s  from t h e  s u r f a c e  l a y e r s .  An a e r o s o l  
c u r r e n t  t h u s  f lows i n  t h e  v e r t i c a l  and extends  
up t o  ionospher i c  l e v e l s .  This  a e r o s o l  c u r r e n t  
is r e s p o n s i b l e  f o r  v a r i a t i o n s  i n  t h e  H component 
of t h e  geomagnetic f i e l d .  The a e r o s o l  c u r r e n t  
is a  measure of t h e  convec t ive  s c a l e  a c t i v i t y  
a n d ' t h u s  t h e  geomagnetic f i e l d  v a r i a t i o n s  a r e  
c l o s e l y  a s s o c i a t e d  w i t h  weather sys tems i n  t h e  
t roposphere .  Any p e r t u r b a t i o n  i n  t roposphere  
would be t r a n s m i t t e d  t o  ionosphere  and v i c e  
ve r sa .  A g l o b a l  p e r t u r b a t i o n  i n  ionosphere  a s  
t h e  one caused by s o l a r  v a r i a b i l i t y ,  i s  t r a n s -  
mi t t ed  t o  t h e  t roposphere  i n f l u e n c i n g  weather  
systems on g l o b a l  s c a l e .  

Fig.1 : Eddies i n  t h e  a tmospher ic  boundary l aye r .  

The o b s e r v a t i o n a l  evidence f o r  t h e  v e r t i c a l  
mass exchange and f o r  t h e  e x i s t a n c e  of v e r t i c a l  
chain  of edd ies  has  been d i scussed  (Poonam Sikka 
e t  a l . ,  1984).  The new p h y s i c a l  mechanism 
proposed i n  t h e  paper i s  u s e f u l  f o r  e x p l a i n i n g  
c e r t a i n  a tmospher ic  e l e c t r i c a l  phenomena which 
a r e  d i scussed  below. 

3 .  DISCREPANCY I N  AIR-EARTH CONDUCTION CURRENT 
DENSITY OBTAINED FROM DIRECT AND INDIRECT 
METHODS 

I n  t h e  i n d i r e q t  method t h e  a i r - e a r t h  condu- 
c t i o n  c u r r e n t  d e n s i t y  ( i p )  is e s t i m a t e d  by 
t a k i n g  t h e  product  of t h e  a tmospher ic  e l e c t r i c  
f i e l d  (F) and t h e  atmospheric e l e c t r i c a l  
conduc t iv i ty  ( A ) .  



I n  t h e  d i r e c t  method t h e  t o t a l  c o n d u c t i v i t y  
is  e s t i m a t e d  from t h e  e l e c t r i c a l  r e l a x a t i o n  
t ime  t of t h e  atmosphere i . e . ,  t h e  t ime t aken  
f o r  an  i n s u l a t e d  charged conductor  t o  a t t a i n  
l / e  of i ts  i n i t i a l  cha rge  a s  a  r e s u l t  of  
cha rge  l eakage  i n  t h e  atmosphere.  The t o t a l  
c o n d u c t i v i t y  is equa l  t o  t h e  i n v e r s e  of  t h e  

e l e c t r i c a l  r e l a x a t i o n  t ime of t h e  atmosphere.  

The a i r - e a r t h  conduct ion c u r r e n t  ( i d  ) by 
t h e  d i r e c t  method of measurement is  given a s  

id = ' d i r ec t  

Obse rva t ions  show c o n s i s t e n t l y  t h a t  
i d  = % ip a t  a l l  l e v e l s  i n  t h e  atmosphere 
(Chalmers, 1967, Rosen e t  a l . ,  1982 ) . The 
d i sc repancy  between id and ip can be  
exp la ined  a s  fo l lows .  

Turbu len t  eddy f l u c t u a t i o n s  t r a n s p o r t  a i r  
from lower t o  h i g h e r  l e v e l s  and v i c e  v e r s a  
i n s i d e  t h e  t u r b u l e n t  eddy volume. Thus excess  
p o s i t i v e  space  cha rges  from lower hemisphere 
of t h e  t u r b u l e n t  eddy a r e  c a r r i e d  up and excess  
n e g a t i v e  cha rges  from upper hemisphere a r e  
brought  down. Thus t h e r e  is  a n  a e r o s o l  c u r r e n t  
it i n s i d e  t h e  t u r b u l e n t  eddy volume which i s  
g iven  by 

0.5V 
it = -( N++ + n++ + N-O + n-4 ) 

t 

4 where V = Volume of  t h e  t u r b u l e n t  eddy- rr3 
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2 r r  
t = Turbulence t ime pe r iod=  - 

W 

N and n  r e p r e s e n t  r e s p e c t i v e l y  t h e  l a r g e  
and sma l l  i o n  c o n c e n t r a t i o n s  i n  t h e  atmosphere.  
The arrows i n d i c a t e  t h e  d i r e c t i o n  of  mot ion.  

Thus a t  any t ime,  h a l f  t h e  number concen- 
t r a t i o n  of  i o n s  i n  any volume of atmosphere 
a r e  t a k i n g  p a r t  i n  t h e  t u r b u l e n t  a e r o s o l  
v e r t i c a l  c u r r e n t  i t  . This  dynamical cha rge  
s e p a r a t i o n  p r o c e s s  occur s  a t  t h e  t u r b u l e n t  
eddy c i r c u l a t i o n  speed of about  lms-1 which i s  
two o r d e r s  of  magnitude l a r g e r  t h a n  t h e  small 
i o n  m o b i l i t i e s .  Thus a  charged i n s u l a t e d  con- 
d u c t o r  a t  any p o i n t  i n  t h e  atmosphere l o s e s  
cha rge  by l eakage  due t o  s t a t i c  small i o n  
m o b i l i t i e s  of h a l f  t h e  number c o n c e n t r a t i o n  of 
t o t a l  i o n s  p r e s e n t  i n  t h e  atmosphere.  Hence 
t h e  a tmospher ic  e l e c t r i c a l  c o n d u c t i v i t y  Xd 
determined by t h e  d i r e c t  method w i l l  b e  e q u a l  
t o  h a l f  t h e  c o n d u c t i v i t y  due t o  t h e  t o t a l  
i o n  c o n c e n t r a t i o n  of t h e  atmosphere.  

Thus Xd = % ' t o t a l  

The re fo re  ip = 2 id 

The obse rved  d i sc repancy  i n  t h e  a i r - e a r t h  
conduct ion c u r r e n t  d e n s i t y  determined by t h e  
d i r e c t  and i n d i r e c t  method is due t o  t h e  dyna- 
mica1 v e r t l c a l  cha rge  s e p a r a t i o n  p r o c e s s  t a k i n g  
p l a c e  i n  t h e  atmosphere by t u r b u l e n t  eddy 
f l u c t u a t i o n s .  

4 .  UNIVERSAL DIURNAL VARIATION OF 
POTENTIAL GRADIENT 

The u n i v e r s a l  d i u r n a l  v a r i a t i o n  of  
p o t e n t i a l  g r a d i e n t  shows a  maximum a t  about  
1900 GMT. Th i s  o b s e r v a t i o n  has  been a t t r i b u t e d  
t o  t h e  g l o b a l  thunders torm a c t i v i t y  which has  
a  peak a t  about  1900 GMT i n  t h e  t r o p i c a l  r e g i o n s .  
The conven t iona l  t h e o r y  f o r  t h e  maintenance of 
t h e  f a i r  weather  e l e c t r i c  f i e l d  p o s t u l a t e s  t h a t  
thunders torms a r e  t h e  main g e n e r a t o r s  of  g loba l  
a tmospher ic  e l e c t r i c  f i e l d  i . e . t h e  thunders torms 
t r a n s f e r  n e g a t i v e  e l e c t r i c  cha rge  t o  e a r t h  by 
l i g h t n i n g  and p rov ide  t h e  r e t u r n  p a t h  o f  t h e  
p o s i t i v e  a i r - e a r t h  c u r r e n t s  i n  f a i r  weather  
r e g i o n s  of  t h e  g lobe.  The v e r t i c a l  mass ex- 
change mechanism o f f e r s  an  a l t e r n a t e  explana- 
t i o n  which is  d i s c u s s e d  below. 

The lower t roposphere  is  coupled t o  t h e  
ionosphere  by t h e  v e r t i c a l  eddy c h a i n  a s  des- 
c r i b e d  e a r l i e r .  I n  t h e  r e g i o n s  of  thunderstorm 
a c t i v i t y  t h e  ionosphere  is  pe r tu rbed .  These 
p e r t u r b a t i o n s  cause  t r a v e l l i n g  i o n o s p h e r i c  d i s -  
t u rbances  (TID) which p ropaga te  t o  a l l  r eg ions  
o f  t h e  g lobe w i t h  s u p e r s o n i c  speeds .  Thus 
maximum i o n o s p h e r i c  p e r t u r b a t i o n  i n  t h e  form 
o f  enhanced t u r b u l e n t  e d d i e s  occur s  around 
1900 GMT throughout  t h e  g lobe.  T h i s  g l o b a l  
i o n o s p h e r i c  t u r b u l e n t  eddy enhancement is  
t r a n s m i t t e d  t o  lower t r o p o s p h e r i c  l e v e l s  by 
t h e  v e r t i c a l  eddy cha in .  Hence t h e  v e r t i c a l  
mass exchange p r o c e s s e s  a r e  enhanced i n  t h e  
lower t roposphere  which r e s u l t  i n  t h e  enhanced 
a e r o s o l  c u r r e n t  and g i v e s  r i s e  t o  l a r g e r  su r -  
f a c e  a tmospher ic  e l e c t r i c  f i e l d s .  Thus t h e  
u n i v e r s a l  d i u r n a l  v a r i a t i o n  of  t h e  s u r f a c e  a t -  
mospheric e l e c t r i c  f i e l d  i s  a  r e sponse  of  t h e  
v e r t i c a l  mass exchange p rocesses  t o  t h e  g loba l  
i onospher i c  t u r b u l e n t  eddy e n e r g i s a t i o n  due t o  
g l o b a l  thunders torm a c t i v i t y .  

5 .  VERTICAL PROFILE OF ATMOSPHERIC 
ELECTRICAL CONDUCTIVITY 

The a tmospher ic  e l e c t r i c a l  c o n d u c t i v i t y  
is found t o  i n c r e a s e  w i t h  h e i g h t  exponen t i a l ly .  
Th i s  observed p r o f i l e  can b e  d e r i v e d  from t h e  
new theory  o f  v e r t i c a l  mass exchange a s  fo l lows :  

V e r t i c a l  mass exchange occur s  i n  t h e  
a tmospher ic  column ex tend ing  from t h e  s u r f a c e  
t o  i o n o s p h e r i c  l e v e l s .  At a  h e i g h t  z from t h e  
s u r f a c e ,  a  f r a c t i o n  f  o f  s u r f a c e  a i r  w i l l  
be  t r a n s p o r t e d .  S i m i l a r l y  s t a r t i n g  from t h e  
ionosphere  a s  t h e  o r i g i n ,  a  f r a c t i o n  f  of  
i o n o s p h e r i c  a i rmass  w i l l  b e  t r a n s p o r t e d  down 
t o  a  h e i g h t  z from t h e  ionosphere .  Thus 
sma l l  i o n s  from t h e  ionosphere  a r e  t r a n s p o r t e d  
downwards w h i l e  a t  t h e  same t ime  l a r g e  i o n s  
(charged a e r o s o l s )  a r e  t r a n s p o r t e d  upward from 
t h e  s u r f a c e .  The i n c r e a s e  i n  s m a l l  i o n  con- 
c e n t r a t i o n  w i t h  h e i g h t  can be  computed a s  
fo l lows  s t a r t i n g  from t h e  s u r f a c e  c o n c e n t r a t i o n  
of s m a l l  i o n s .  

As s u r f a c e  a i r  r i s e s  up i ts volume g e t s  
reduced t o  a  f r a c t i o n  f  due t o  d i l u t i o n  by 
v e r t i c a l  mixing i . e . ,  by i n f l u x  of  a i r  from 
h i g h e r  l e v e l s .  The r a t e  of i n f l u x  of  a i r  
from h i g h e r  l e v e l  a t  any l e v e l  z = ( l / f  - 1 ) .  
Thus i f  n* i s  t h e  s m a l l  i o n  c o n c e n t r a t i o n  a t  
t h e  s u r f a c e ,  t h e  small i o n  c o n c e n t r a t i o n  n  a t  



environment o f  t h e  microscale-capping- invers ion 
and cha rge  s e p a r a t i o n  r e s u l t s  i n  a  p o s i t i v e  
d i p o l e  l a y e r .  When t h i s  p o s i t i v e  d i p o l e  l a y e r  
r eaches  s u f f i c i e n t  i n t e n s i t y  t h e  p o s i t i v e  
s u r f a c e  a tmospher ic  e l e c t r i c  f i e l d  s t a r t s  
dec reas ing  and r eaches  a  minimum about  t h e  noon 
t ime.  Maximum p o s i t i v e  d i p o l e  s t r e n g t h  r e s u l t s  
from t h e  maximum t u r b u l e n c e  i n t e n s i t y  i n  t h e  
capp ing- inve r s ion  l a y e r .  Also ,  t h e  p o s i t i v e  
d i p o l e  l a y e r  i s  a t  a  maximum h e i g h t  of  1 km 
above t h e  s u r f a c e  durirqg t h e  noon t ime.  During 
t h e  a f t e r n o o n  t h e  p o s i t i v e  d i p o l e  a e r o s o l  l a y e r  
becomes weaker due t o  dec rease  i n  t u r b u l e n c e  
i n t e n s i t y  and t h e  s u r f a c e  a tmospher ic  e l e c t r i c  
f i e l d  s t a r t s  i n c r e a s i n g .  The noon time minimum 
i n  s u r f a c e  e l e c t r i c  f i e l d  ove r  urban a r e a s  can  
t h u s  b e  exp la ined  by t h e  fo rma t ion  of  p o s i t i v e  
d i p o l e  charged a e r o s o l  l a y e r  i n  t h e  r i s i n g  
i n v e r s i o n  of  t h e  daytime ABL. Over t h e  ocean ic  
and r u r a l  a r e a s  t h e  noon t ime  minimum i n  t h e  
s u r f a c e  e l e c t r i c  f i e l d  is absen t .  I n s t e a d  t h e r e  
is  a  s i n g l e  maximum i n  t h e  s u r f a c e  e l e c t r i c  f i e l d  
a t  t h e  noon t ime.  Th i s  is  due t o  lower p a r t i -  
c u l a t e  c o n c e n t r a t i o n  and tu rbu lence  i n t e n s i t y  i n  
t h e  r i s i n g  i n v e r s i o n  of  t h e  day t ime  ABL over  
t h e  r u r a l  a r e a s  t h a n  ove r  urban a r e a s .  The 
p o s i t i v e l y  charged d i p o l e  l a y e r  overhead is  weak 
and w i l l  not  r e s u l t  i n  t h e  r e d u c t i o n  of  t h e  
p o s i t i v e  s u r f a c e  e l e c t r i c  f i e l d .  Thus t u r b u l e n c e  
i n t e n s i t y  p l ays  a  major r o l e  i n  t h e  format ion 
of t h e  overhead a e r o s o l  l a y e r  and t h e  cha rge  
s e p a r a t i o n  i n  it. 

9. SUNRISE EFFECT 

Observat ions  of  t h e  s u r f a c e  e l e c t r i c  f i e l d  
ove r  t h e  g lobe  du r ing  t h e  p a s t  cen tu ry  have 
shown t h a t  t h e  e l e c t r i c  f i e l d  s t a r t s  i n c r e a s i n g  
from a  minimum w e l l  b e f o r e  t h e  ground s u n r i s e .  
Var ious  t h e o r i e s  have been put  f o r t h  t o  e x p l a i n  
t h e  observed ' s u n r i s e  e f f e c t ' .  However none 
of  them have proved t o t a l l y  s a t i s f a c t o r y .  

I n  t h e  fo l lowing  an a l t e r n a t e  t h e o r y  has 
been invoked t o  e x p l a i n  t h e  observed s u n r i s e  
e f f e c t .  G r a v i t y  waves a r e  gene ra t ed  i n  t h e  
ABL (Mary Selvam e t  a l . ,  1983a) due t o  t h e  
mic rosca le - f r ac t iona l - condensa t ion  p rocess  
which g ives  r i s e  t o  m i g r a t i n g  e d d i e s  w i t h  
semi-diurnal  p e r i o d i c i t y  and s t a t i o n a r y  w i t h  
r e s p e c t  t o  l o c a l  t ime .  Th i s  is t h e  semi- 
d i u r n a l  t i d a l  o s c i l l a t i o n  which g ives  r i s e  t o  
t h e  semi-diurnal  p r e s s u r e  v a r i a t i o n .  The 
low p r e s s u r e  a t  p re - sunr i se  hours  g ives  r i s e  t o  
convergence and upward mass f l u x .  The upward 
mean f l u x  g i v e s  r i s e  t o  t h e  a e r o s o l  c u r r e n t  
which r e s u l t s  i n  t h e  i n c r e a s e  i n  t h e  s u r f a c e  
a tmospher ic  e l e c t r i c  f i e l d .  Thus t h e ' s u n r i s e  
e f f e c t '  of  t h e  s u r f a c e  a tmospher ic  e l e c t r i c  
f i e l d  i s  due t o  t h e  e a r l y  morning minimum i n  
s u r f a c e  p r e s s u r e  and t h e  r e s u l t a n t  upward 
a e r o s o l  c u r r e n t .  

10. TROPOSPHERE-MAGNETOSPHERE COUPLING 

The t u r b u l e n t  e d d i e s  o f  s u r f a c e  f r i c t i o n a l  
o r i g i n  r i d e  up on t h e  envelopes  of  l a r g e  
e d d i e s  and g e t  t r a n s p o r t e d  t o  i o n o s p h e r i c  
and magnetospher ic  l e v e l s .  It i s  p o s t u l a t e d  
t h a t  t h e  p resence  of t h e s e  t u r b u l e n t  and l a r g e  
e d d i e s  a t  i onospher i c  and magnetospher ic  
l e v e l s  g i v e  r i s e  t o  t h e  non-thermal r a d i o  
continuum emiss ions ,  f i e l d  a l igned  c u r r e n t s  and 

a l l i e d  phenomena, which have been observed by 
s a t e l l i t e s  (Barbosa,  1982, Sa f l ekos  e t  a1. ,1982).  

11. EXTRA-TERRESTRIAL EFFECTS 

The t u r b u l e n c e  s c a l e  i n t e r a c t i o n  of  eddy 
systems d e s c r i b e d  e a r l i e r , w i t h  t h e  s o l a r  wind 
a t  t h e  magnetopause g i v e  r i s e  t o  energylmass 
exchange between t h e  s o l a r  wind and t h e  magneto- 
sphe re / t roposphere  th rough  t h e  v e r t i c a l  eddy 
c h a i n  system. Thus t h e  s o l a r  wind l e a v e s  t h e  f i n e  
s t r u c t u r e  s i g n a t u r e  on t h e  e a r t h ' s  atmosphere 
and i n  t u r n  c a r r i e s  t h e  f i n e  s t r u c t u r e  s i g n a t u r e  
of t h e  e a r t h ' s  atmosphere.  

Thus i t  i s  p o s s i b l e  t h a t  t h e r e  i s  mutual 
energy/mass exchange between t h e  s o l a r  and 
p l a n e t a r y  atmospheres i n  t h e  s o l a r  sys tems.  
T h i s  concept  may be  extended t o  s t e l l a r  
atmosphere a l s o  i.e., t h e r e  is  mutual energy/  
mass exchange between g a l a x i e s  i n  t h e  un ive r se .  
The above p h y s i c a l  mechanism may e x p l a i n  t h e  
i o n o s p h e r i c  e f f e c t s  of  x-rays from d i s c r e t e  
g a l a c t i c  s o u r c e s  r e p o r t e d  by some i n v e s t i g a t o r s  
(e .  g., Ananthakr ishnan e t  a l . ,  1970).  

It h a s  been found from s a t e l l i t e  obse rva t ions  
t h a t  t h e  i n t e r - p l a n e t a r y  magnetic f i e l d  c a r r i e s  
t h e  s i g n a t u r e s  of  t h e  E a r t h ,  J o v i a n  and Sa tu rn ian  
magnetospheres and a l s o  t h a t  t h e r e  is  mutual 
i n t e r a c t i o n  between Jov ian  and S a t u r n i a n  
magnetospheres ( I n t r i l i g a t o r  e t  a l . ,  1979). Thus 
t h e  energy/mass exchange by t u r b u l e n t  e d d i e s  
between p l a n e t a r y  atmospheres and t h e  s o l a r  
atmosphere ( h e l i o s p h e r e )  may l e a d  t o  a  feedback 
e f f e c t  of  t h e  p l a n e t a r y  magnetospheres on t h e  
s o l a r  a c t i v i t y .  It i s  t h u s  p o s t u l a t e d  t h a t  t h e  
s o l a r  a c t i v i t y  may be c o n t r o l l e d  by a  feedback 
e f f e c t  from t h e  p l a n e t a r y  magnetospheres 
i n t e r a c t i n g  w i t h  t h e  s o l a r  h e l i o s p h e r e ,  t h e  
energy/mass exchange between t h e  s o l a r  and 
p l a n e t a r y  atmospheres t a k i n g  p l a c e  b a s i c a l l y  
by t h e  t u r b u l e n t  eddy mixing p rocess  analogous 
t o  t h a t  occur ing  i n  t h e  e a r t h ' s  atmosphere.  The 
above p h y s i c a l  mechanism. may a l s o  e x p l a i n  
t h e  s t a t i s t i c a l  r e l a t i o n s h i p  between t h e  s o l a r  
c y c l e  and p l a n e t a r y  motion r e p o r t e d  by some 
i n v e s t i g a t o r s  ( e .g . ,  Morth and Schlamminger,l979) 

12. CLOUD ELECTRIFICATION 

Ex tens ive  a i r c r a f t  o b s e r v a t i o n s  of  c loud 
l i q u i d  wa te r  c o n t e n t ,  corona d i s c h a r g e  c u r r e n t  
cloud drop cha rges  and v e r t i c a l  v e l o c i t i e s  in- 
warm monsoon c louds  i n d i c a t e s  t h a t  t u r b u l e n t  
edd ies  a r e  mainly  r e s p o n s i b l e  f o r  charge  
s e p a r a t i o n  mechanism i n  c louds  w i t h  t h e  c loud 
drops  a c t i n g  a s  charge  c a r r i e r s  (Mary Selvam 
e t  a l . ,  1982).  N a t u r a l l y  occur ing  n e g a t i v e  
space  cha rges  from h ighe r  l e v e l s  a r e  brought 
down by t u r b u l e n t  downdraf ts .  These nega t ive  
space  cha rges  g e t  a t t a c h e d  t o  condensing water  
d r o p l e t s  i n  t h e  u p d r a f t .  The u p d r a f t s  from 
subcloud l a y e r  c a r r y  a  n e t  p o s i t i v e  s p a c e  
charge  which ge t  a t t a c h e d  t o  l a r g e r  c loud drops 
nea r  c loud top r e g i o n s .  Downdrafts i n  p r e c i p i -  
t a t i n g  c louds  t h u s  b r i n g  down p o s i t i v e l y  charged 
d r o p l e t s .  Th i s  i s  b a s i c a l l y  t h e  convec t ive  type  
of cha rge  s e p a r a t i o n  mechanism o r i g i n a l l y  
proposed by Vonnegut (1955).  The t u r b u l e n t  
e d d i e s  have c i r c u l a t i o n  speeds  s e v e r a l  t imes  
l a r g e r  t h a n  t h e  l a r g e  eddy (c loud)  and t h u s  the  
charge  s e p a r a t i o n  t a k e s  p l a c e  f a s t e r  t h a n  t h e  
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Fig.4 : Recording of cloud drop charge, v e r t i c a l  
velocJfy, po in t  discharge cur ren t  and l i q u i d  
water content  obtained during a i r c r a f t  panetra-  

i n t o  small  growing cloud of depth 600 m 
August 1982. Regions of updrafts/downdrafts 
ose ly  assoc ia ted  with pos i t ive /nega t ive  

space charges i n  t h e  c l e a r  a i r  region. Arrow 
i n d i c a t e s  loca t ion  of t h e  downdraft region 
assoc ia ted  with negat ive space charges which a r e  
t ransported upwards i n t o  t h e  growing cloud from 
adjacent  updraf t  region. F i n d i c a t e s  t h e  c l e a r  
a i r  updraf t  region wi th  small  p o s i t i v e  e l e c t r i c  
f i e l d  showing t h e  presence of p o s i t i v e  space 
charges . 

Fig.5: Same a s  Fig.4. For a growing cloud of 
depth 1500 m. Arrow i n d i c a t e s  regions of down- 
d r a f t  and assoc ia ted  negat ive charges i n  c l e a r  
a i r .  These nega t ive  charges a r e  t ranspor ted  i n  
the adjacent  updraf t  regions which a r e  assoc ia ted  
with higher  l i q u i d  water content and e l e c t r i c  
f i e l d s .  When t h e  width of t h e  downdraft region 
i s  l a r g e r  p o s i t i v e l y  charged cloud drops o r i g i -  
nat ing from cloud-top regions a r e  not iced.  
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