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The phenomenon of the e a r t h ' s  negative e l e c t r i c a l  charge ,  d i scovered  in the eighteenth century,  has 
a t t r ac ted  the i n t e r e s t  of many  schola rs .  

In the nineteenth century  at tention was called to the fact  that  with a constant  loss  of  cha rge  f r o m  the liquid 
and solid su r face  of the ear th  the t e r r e s t r i a l  sphere  should be d ischarged over  the course  of 10 mira After  
this ,  in tensive studies commenced  to de t e rmine  the m e c h a n i s m  of maintenance of this negat ive charge .  

However ,  even a t  p r e s e n t  no sa t i s f ac to ry  solution to this p r o b l e m  has been presented .  

The nature  of  the genera to r  which continually mainta ins  a negative charge  on the su r face  of  the ea r th  has 
not yet  been d iscovered .  It has been genera l ly  accepted  that in regions  of fair  weather ,  due to the conductivity 
of the a t m o s p h e r e  the ear th  only loses  negative charge ,  while this loss  in compensa ted  in inc lement  weather  
reg ions  by supply of negat ive cha rge  f r o m  the a tmosphe re .  Over the course  of this century  new theor ies  have 
been put fo rward  continually to explain the nature  of the genera to r  which compensa tes  charge  loss .  

The p r e sen t  study will cons ider  a m e c h a n i s m  for supply of negative charge  f rom the a tmosphe re .  In [1] 
the t e r m  "e lec t rograv i t a t ion  gene ra to r "  was introduced,  but Frenkel  ' did not apply the concept  to the p r o b l e m  
of the negat ive charge  of the ear th .  

The exis tence  of negat ive charges  in the lower port ion of clouds has been conf i rmed by many inves t iga tors  
(see,  e .g . ,  [2]). Under the act ion of gravi ta t ional  fo rces  the droplets  compr i s ing  a cloud a r e  in a s tate  of con-  
tinuous fall. During the fall f r o m  the lower  pa r t  of the cloud the drople ts  move into a reg ion  of dec reased  r e l a -  
t ive humidity,  located below the cloud. The drops falling f r o m  the cloud c a r r y  a negat ive charge .  Evaporat ing,  
they t r a n s f e r  this charge  to the a i r .  In [1] the p r o c e s s  of evapora t ion  of falling droplets  was cons idered ,  how- 
eve r  it  was not concluded that  ions a r e  t r a n s f e r r e d  into the a i r  volume in which evapora t ion  took place.  

The specif ic  g rav i ty  of the a i r  beneath the cloud, cooled by evapora t ion  of droplets  en ter ing  f l 'om the 
lower  cloud region,  and thus ca r ry i ng  a negat ive charge ,  i n c r e a s e s .  This leads to fo rmat ion  of a descending 
flow beneath the cloud, which c a r r i e s  negative cha rges  off with i tself .  

It is such negat ive cha rges  which Kelvin obse rved  when he detected a potential  gradient  invers ion  in the 
lower  l aye r s  of the a tmosphe re  up to 30 m [3]. 

S imi lar  effects  were  noted a t  the Eifel  T o w e r i n  [4]. Cha lmer s  [2] cal ls  at tention to the enigmat ic  nature  
of  these  phenomena.  He cons iders  the explanation of the maintenance of the e a r t h ' s  negat ive charge; to be one 
of the ma jo r  p rob l ems  of a t m o s p h e r i c  e lec t r ic i ty .  

Both these effects  can be explained by descending a i r  flows, made heavy by drople t  evapora t ion  and 
c a r r y i n g  negative charges .  The cold a i r ,  r each ing  the su r face  of the ear th ,  sp reads  out hor izonta l ly  and t r a n s -  
fe r s  its negat ive charge  p r i m a r i l y  to project ing objec ts ,  which, when a sufficient  charge  densi ty is r eached ,  
may  product  a scint i l la t ion known as "St. E l m o ' s  F i r e . "  The descending flows below s t o r m  clouds may  t r a v e r s e  
cons iderab le  d is tances ,  of the o rde r  of magnitude of kin, and by t r a n s f e r r i n g  their  negative cha rges  can p r o -  
duce a l l  the known potent ia l  gradient  anomal ies  descr ibed  in [2]. These anomal ies  a r e  ea s i ly  obse rved  in 
mountainous reg ions  near  the bases  of clouds. In less  f requent  cases  the bot tom of a cloud may  be~r  a posi t ive 
charge .  The cold flow descending to the ea r th  will then t r a n s f e r  posi t ive charge .  It can be shown that if in a 
given volume of a i r  there  ex is t s  a quantity of water  in the liquid phase ,  upon evaporat ion of this water ,  i .e. ,  
t r a n s f o r m a t i o n  f r o m  the liquid to the gaseous phase ,  the specif ic  g rav i ty  of this closed volume will i nc rease  
s ignific antly. 
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We will cons ider  an a r b i t r a r y  volume of a i r  below a cloud, l imited by an imag ina ry  weight less  closed 
shell  pass ing  through the gas pa r t i c l e s .  

In any phys ica l  p r o c e s s  it is convenient  to deal with invar ian ts ,  i .e . ,  quanti t ies which maintain a constant  
value as other  p a r a m e t e r s  va ry .  In the si tuation under cons idera t ion  such an invar iant  is the ra t io  AF/mg,  
where  AF is the change in A r c h i m e d e a n f o r e e  applied to the body under considera t ion upon evaporat ion of a 
d rop le t  of m a s s  m, and g i s  the acce le ra t ion  of gravi ty .  

It will be convenient  to wr i te  the equation of s ta te  of the a i r  volume in the f o r m  

p h V  = (~, - -  1)AE,j 

where  E is the in ternal  energy  of the gas ,  A E = - - m q  -- pAV, p is the a i r  p r e s s u r e ,  AV is the change in volume,  
3/is the adiabat ic  index, m is the mass  of the droplets  evapora ted ,  and q is the heat  of  vapor  format ion.  

Simultaneously with drople t  evapora t ion  there  is formed a vapor  occupying a volume m / p v ,  where  PV is 
the sa tura ted  vapor  density.  Then the change in the a i r  volume c o m p r i s e s  

AVI  = - - ( y  ~ l )m~ '~p  § m,'Pv. (1) 

For convenience in approx ima te  calcula t ions  we may  neglect  the second t e r m  of Eq. (1). It then takes on the 
f o r m  

A I ' t  = w m ( y  - -  l)~/,?p. 

Consider ing that  AF=AVlpag, where  Pa is the densi ty of  the a i r  at  the point of the drople t  evapora t ion ,  
�9 we have 

AF]mg  = --(~, - -  l )qga/yp.  (2) 

The invar ian t  AF/mg r e m a i n s  constant  for adiabat ic  c o m p r e s s i o n  of the descending a i r  flow. Substituting 
on the r igh t  side of  Eq. (2) numer i ca l  va lues  of the cor responding  quanti t ies ,  we find AF/ing = 8. Thus evapo-  
r a t i o n o f l  kg of wa te r  in an a r b i t r a r y  volume dec rease s  the Arch imedean  force  applied to this volume by 8 kg. 

Two p r o c e s s e s  occur  s imul taneous ly  during evapora t ion :  

1) i n c r e a s e  in the number  of molecules  in the gaseous phase ,  leading to a dec r ea se  in specif ic  gravi ty  of  
the closed vo lume;  

2) cooling of the closed volume due to loss  of  the heat  n e c e s s a r y  for evapora t ion  of the water  droplets .  

Since the second p roce s s  g rea t ly  dominates  Over the f i r s t ,  the r e su l t an t  specif ic  g rav i ty  of the a i r  
vo lume in which the negat ively charged water  drople ts  evapora te  i nc r ea se s .  This leads to the downward motion 
of the negat ively  charged  mass  of  cold a i r  below the cloud, taking the negative ions with it. Es t ima te s  show 
that ,  due to the low mobi l i ty  of  ions,  the e lec t r i c  field of the e a r t h ' s  negative charge  produces  too smal l  a 
v e r t i c a l  ve loc i ty  component  com pa red  to the hydrodynamic  ve loc i ty  of  the sinking cold a i r ,  d i rected toward the 
ear th  in the f o r m  of a jet. These  a i r  je t s ,  cooled by water  d rop le t  evapora t ion ,  c a r r y  off negative charge  f rom 
the base  of  clouds to the ear th ,  and a r e ,  e s sen t i a l ly ,  gravi ta t ional  gene ra to r s .  At a height of s eve ra l  m e t e r s  
above the su r face  a r eg ion  with potent ia l  gradient  invers ion  develops and the negat ive charges  flow to the s u r -  
face of  the ea r th .  

Thus the cloudy pa r t  of the atr~msphere suppl ies  the ear th  by these negat ively charged a i r  flows, and 
compensa te s  the loss  of  negative cha rge  in reg ions  with c l ea r  weather .  

The authors  exp re s s  their  indebtedness to P. L. Kapi tsa  and L. V. Ovsyannikov for thei r  i n t e re s t  in the 

study. 

L I T E R A T U R E  C I T E D  

1. Ya. I. F renke l ' ,  " T h e o r y o f t h e b a s i c  phenomena of a t m o s p h e r i c  e l ec t r i c i ty ,  n Izv. Akad. Nauk SSSR, Ser.  
Geograf .  Goofiz.,  ~ No. 5, 244-272 (1944). 

2. J. C h a l m e r s ,  Atmospher ic  E lec t r i c i ty  [Russian t rans la t ion] ,  Gidrometeoizda t ,  Leningrad (1974). 
3. W. Kelvin,  nAtmospher ic  e lec t r i c i ty ,  ~ R. Inst. Lect. Pap. on Elect .  and Mag., 208-226 (1860). 
4. B. Chauveau, WEtudes de la va r i a t ion  de l ' e l ec t r i c i t d  a tmosphbr ique ,  w Ann. B. C. M., 5, 1 (1900). 

186 


