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The e lectromagnet ic  field generated through the i r radiat ion of air by a pulse of T radiation in the ab- 
sence  of external fields [1-3] and with perturbat ion by an external magnetic field source  [4-7] has not been 
studied theoret ical ly in great  detail in published reports .  An experimentally recorded  electr ic  field pulse ex- 
cited by such a source ,  published by Amer ican  authors [9], was interpreted in [8] on the basis of the solution 
of these problems.  In the interpretat ion of data obtained under actual conditions one must  allow for the effects 
of the dis turbance of the geoelect r ic  field through the ionization of air  in the vicinity of the source.  The fact 
that such effects can be important  is indicated by the experimental  resul ts  presented in [10]. 

A number of c i rcumstances  compel one to assume that these resul ts  are  connected with the disturbance 
of the geoelectr ic  field. One of the most  important  is the difficulty interpret ing the resul ts  on the basis of the 
model proposed in [10], where the observed variat ions of the geoelect r ic  field are  connected with the fo rma-  
tion of an electr ic  dipole moment M in the vicinity of the source  and with the subsequent increase  in the height 
of this moment through floating up in the atmosphere.  This is contradicted by the necess i ty  (within the f r ame-  
work of the interpretat ion proposed in [10]) of assuming that the observed moment M grows by more  than 2.5 
t imes during a t ime when the intensity of all the p rocesses  accompanying the phenomenon, including those 
leading to the formation of the moment,  should die out. We note also that the calculated value of the initial 
moment  (in the model of the phenomenon adopted in [10]) is about an order  of magnitude less than the observed 
value and displays a different tendency of the variat ion with the height h of the source  f rom that observed. The 
explanation proposed below for the observed variations as a resul t  of a dis turbance of the geoelectr ic  field 
descr ibes  the experimental  data more  naturally and does not encounter the cited difficulties inherent to the 
model of the phenomenon of [10]. 

Besides the necessi ty  of interpret ing the resul ts  of observations of slow variat ions of the type presented 
in [10], the effects of the disturbance of the geoelectr ic  field must  also be taken into account in the in te rpre-  
tation of microsecond pulses of the type presented in [9], s ince these effects can lead to a quite noticeable con-  
tr ibution to the total signal. In fact,  if the initial field E ~ is considerably weakened in a volume of size r under 
the action of a source  of T radiation, then by equating the energy of the initial e lect rosta t ic  field to the energy 
of the radiat ion pulse we find that at a distance s f rom the source  a radiation pulse with a charac te r i s t ic  dura-  
tion ~ will have an amplitude 

E ~ E~ 

For  a geoelect r ic  field E ~ ~ 200 V / m  with r ~ cT ~ 1 km and s ~ 10 2 km we have E ~ 2 V/m.  This es t i -  
mate indicates the measurable  contribution of the effects of the dis turbance of the geoelectr ic  field to the total 
signal and the necess i ty  of a more  detailed study of this phenomenon. 

.~ 1. Before proceeding to the analysis of the effects of the dis turbance of the geoelectr ic  field by a pulsed 
source  of T radiation,  let us briefly descr ibe  those charac te r i s t i c s  of the medium and the geoelectr ic  field in 
the ground layer  of the a tmosphere  which significantly determine the choice of the model analyzed below. It is 
known [11] that a ver t ical  e lect r ic  field (its sign cor responds  to a negative charge of the ea r th ' s  surface) with 
a magnitude of 50-180 V / m  exists only at heights less than h 0 ~ 2-3 kin. At g rea te r  heights this field declines 
rapidly (by about an o rder  of magnitude in the height range of 2-2.5 kin), which is connected with the presence  
at this height of a layer  of positive charges  with a density of ~20 electron charges  per cubic centimeter;  the 
thickness of the layer  is ~ ~ 0.5 kin. The conductivity a of the air changes sharply at the same height h0: where-  
as at h < h 0 the conductivity is constant and compr i ses  ~r ~ 2 �9 10 -4 cgse,  at g rea te r  heights the conductivity 
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grows rapidly, so that e ~ 10 .3 cgse already at a height of ~3 kin. Currents  flow through the conducting air 
in the layer  of h < h0, d ischarging the posit ive charges  in the layer  at the height h 0. The density E% 0 ~ 10 -~ 
cgse of these cur ren t s  is approximately equal to the average cur ren t  density over  the ea r th ' s  sur face  of the 
lightning discharges  which, according to existing concepts [12], " recharge"  the layer  at the height h 0. 

If uMer  these conditions a pulsed isotropie source  of T radiat ion is turned on at the t ime t = 0 at a height 
h < h0, then a spherical  front of T radiation,  behind which an air  conductivity ~(r, t - r / c )  develops,  propa-  
gates f rom it through space with the velocity of light c. The conducting volume is polar ized in the external 
field and a t ransient  e lect r ic  field develops within it. In analyzing the e lectrodynamic phenomenon at 0 < h < h 0 
up to t imes t 1 = min{ h / c ;  (h 0 - h) / c} one can take the external  medium and the geoelect r ie  field as uniform. 
At la ter  t imes this approximation is incorrect .  For  example,  at t > t 2 = m a x { h / c ;  (h 0 - h ) / e }  the conducting 
volume "shor t  c i rcui ts"  the layer  of increased charge  concentrat ion at the height h 0 to the ground, which leads 
to a dec rease  in the charge density in the pxct of the layer  located above the source.  At later  t imes excess 
charges  s ta r t  to flow into this region f rom neighboring regions and a wave of compensating cur ren ts  spreads  
out f rom the center ,  causing a relat ively stow change in the geeelec t r ic  field at distances g rea te r  than the s ize  
of the initial region of decreased  charge  density in the layer  at the height h 0. It is obvious that at t > t 2 the 
effects are  essent iaI ly connected with the nonuniformity of the medium and of the geoelect r ic  field. 

F r o m  what has been said it follows that the process  of dis turbance of the geoelect r ic  field by a pulsed 
source  of 7 radiat ion can be divided into three stages,  each of which is charac te r i zed  by its t ime scale  and 
(as a consequence) by its proper t ies  of the occur rence  of the phenomenon. The f i r s t  of these stages is the 
expansion with the velocity of light of the sphere  within which conduction in the air is initiated. In this stage, 
which lasts up to 10 psec and is cha rac te r i zed  by t ime scales  of ~ 0 . !  psec, the displacement  cur ren t s  and the 
excitation of an induced magnetic field are  importan t. Therefore ,  the mos t  intense emiss ion of wave signals 
occurs  in this stage. In studying the phenomena at these t imes one can neglect the nonuniformity of the medium 
and of the geoelect r ic  field. 

In the second stage (with the flow of charges  down f rom the layer  at the height h 0 to the ground through 
the region of increased conductivity), w h i c h  lasts  as long as the source  of quanta acts (up to a few seconds),  
the conduction currents  flowing in the volume near the source  are important. 

At t imes on the o rder  of tens of seconds and minutes one can assume that the conductivity of the air near 
the source  has decreased  so much that the cur ren ts  near it become considerably smal le r  than the cur rents  
connected with the compensat ion for the charge of par t  of the layer  at the height h 0 which has flowed to the 
ground by charges  f rom neighboring regions. Here the conduction currents  flowing through the layer  at the 
height h 0 become important.  The in_homogeneity of the medium and of the geoelectr ic  field are important  in the 
last  two stages.  The relat ive slowness of the p rocesses  makes it possible to neglect the effects of induction 
of a magnetic field by the cur rents  and effects of the emiss ion  of wave signals. 

Let us proceed to a more  detaiIed study of the p rocess  in the stages described.  

w The polar izat ion of the conducting region expanding with the velocity of light leads to the appearance 
in it of a t rans ient  e lect romagnet ic  field with components Er( r ,  ~, t), E3(r,  d, t), and I-I~(r, 3, t). The putse 
of 7 radiat ion simultmleously excites a wave of cur ren t s  of Compton electrons in the air ,  leading to the excita-  
tion of the same field components (see [1-3], for  example), but by vir tue of the l inear i ty  of the probtem the 
effects connected with the initial field and with the side cur ren t s  can be analyzed separately.  A specific feature 
of this problem,  causing difficulties in its solution, consis ts  in the fact that the radiat ive cur ren t s  a re  notgiven 
and must  he found together  with the fields f rom the sys t em of Maxwell equations. 

The s p a c e - t i m e  distr ibution of the field disturbed by the conductivity ~(r, t - r / e )  developing under the 
action of the T radiat ion sat isf ies the Maxwell equations 

rot II .i aE 4x I OH (~E, rotE . . . .  (2.1) 
c Ot c c a t  

for the field components E~, E r, and H~o with the initial conditions 

Z~ (r, e ,  0) = E l  (r, 0), E r  (,', "~, 0) = Z~ ~ (r, e) ,  H~ (r, ~, 0) = 0. 

As the boundary conditions we requi re  that the condition E o ( a  , ,~, t) = 0 be satisfied at the surface  of a sphere  
of sufficiently small  radius a (we assume that the source  is surrounded by a perfect ly  conducting sphere of 
radius a) and that E3(r, 3, t) - E~(r, 3) = H~0(r, 3, t) at la rge  enough distances outside the conduction zone. 
As in the problem considered in [4], these conditions determine the unique solution of the problem. With the 
given initial conditions the Maxwell equations contain the independent variables r ,  3, and t. The angular 
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dependences a re  separa ted  in the equations and the boundary conditions if the field distr ibutions (includir.g the 
initial ones), as in [3], a re  represen ted  in the fo rm 

E r ( r , ~ , t ) = Z E r ~ ( r , t ) . P ~ ( c o s O  ). E~( r ,  ff.t). = Z'7"I E ~  (r, t ) . P ~ )  (cos O), 
1 l 

(2.2) 

H v (r, ~, 0 = Z r t-- Hr (r, t). P~)(cos (}), 
l 

where  P/(x) a re  polynomials  while p~l/(x) = (1 - x 2) V2[dP/(x)/dx] are  associa ted  Legendre polynomials.  The 
coefficients of the expansions of the fields by polynomials sat isfy the one-dimensional  nonsteady equations 
separa te ly  for  each h 

' 4.~ f i e  I aEez ~H~z 4~t o'E0l, t OErz l(~-:- t) H e ,  - -  ~ rl ,  = 
c Ot = "--'TY--.r ~ c at Or c 

t OH~: 3E(p z 
#t " = Or E r~" 

The use of expansions of the angular dependences (2.2) for the fields allows one to separa te  the angular 
dependence also in the problem of the dis turbance of the initial field by a source  located at the boundary be-  
tween the air  and a perfect ly  conducting half -space.  Since the effect also occurs  in the case  of a uniform space,  
the effect of the additional a s y m m e t r y  introduced by .the underlying sur face  on the charac te r i s t i c s  of the d i s -  
turbed fields is not taken into account below. 

Let us consider  the problem of the dis turbance of the initial e lect r ic  field which is descr ibed by the solu-  
tion of the stat ic  problem of a conducting sphere  of radius a in a uniform external  field: 

E~(r, ~, 0) ---- E0(I --  a3/r~)sin ~, 
Er(r  , t~, 0) = --E(1 -{- 2aUr3)cos t% r >i a. 

At f i rs t ,  as in [3] we will only allow for the e lectronic  conductivity of the air  (it predominates  over the ionic 
conductivity for a t ime on the o rder  of microseconds  f rom the s t a r t  of the i r radia t ion of the air) 

a(r, t) = ekF3vNe-=x-~-r(y - -  x)/4~, 

where  the dimensionless  function r(y) is found f rom the equation 

dr/dg -" (~,/ac)r = ~(g), r(O) = O, 

(y) = y e ~ / I  �9 [A + et~t'z,)Y], I = .[ dyye~Y/[A -~ e(~+A')~], 
0 

y = ~ c t ,  x : Ixr 

(this and the remaining notation coincide with the notation of [3]). We choose the value of the initial field E ~ as 
the sca le  of the field, and then the expansions (2.2) take the fo rm 

Er(x  , y,  0)  --= E~  y)eos~, Eo(x,  y,  O) ---- EO(t/x)e(x, y)sin~), 

H ~ ( x ,  y ,  ~ )  = E ~  y)sin ~, 

where  the dimensionless  functions E, e, and h a re  defined as the solutions of the sy s t em of equations 

OE/a~ = (2/x"-)h-- ~ '(x ,  .~)E, o~/a,~ = - -  ~h/ax 5- Oh~a,: - -  ~ ' (x ,  ~)e, 

Oh~Or = --Se/Ox -}- Oe/O~ - -  E 

8 ( x , O ) = x - - x ~ / x  2, E ( x , O ) = - - l - - 2 x ~ / x  8, x o ~ a  

with the initial conditions 

h (z, 0) = 0, 

and the boundary conditions 

8(xo, ~) = O, 8(xl, ~) - -  ~:(x,_, 0) = h(x.,  ~), x l  > >  1, 
a'(x ,  ~) = 4u /Fc .a (x ,  ~) = t~x-O'o-~r(~), R = e k ~ v N / c .  

In solving this problem we used the same values of the physical  constants and the same algori thm as in [31. 

The resul ts  of the numer ica l  integrat ion are  presented in Figs. 1-4. The dependences of the field com-  
ponents for  R = 1.54 �9 105 on the "local" t ime T = (y - x )  at different distances f rom the center  are  shown in 
Figs. 1-3, while the spatial  distr ibutions of the component E j  for the same source  at t imes when the front of 
the dis turbance reaches  dis tances of 5, 10, 15, and 20 are  shown in Fig. 4. 
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Let us b r i e f l y  d i s cus s  the r e s u l t s  obtained.  One can see  f rom Figs .  1-3 that  a t  s m a l l  d i s t ances  (x < 2) 
at  the  in i t ia l  t i m e s  both components  of the e l e c t r i c  f ield dec l ine  in abso lu te  value to ze ro  (from the n u m e r i c a l  
ca l cu l a t i on  at  x = 0.4 for  R = 1.54.106 the damping t ime  of the  f ie ld is  ~0.06; it  d e c r e a s e s  wi th  an i n c r e a s e  
in the in tens i ty  of the source)  and E -~ 0 and e ~ 0 dur ing  the t ime  of ~ 1.5-2, w he r e a s  the magnet ic  field grows 
dur ing  this  t ime  f r o m  ze ro  to a value equal to the in i t i a l  f ield,  and h ~ x so long as  E ~ a ~ 0. These  fea tu res  
of the behav ior  of the f ie lds  in the zone of ac t ion of the s o u r c e  w e r e  a l r e a dy  c l e a r  f rom the p r o p e r t i e s  of the 
solut ion of the model  p r o b l e m  [13] of the expans ion  with the ve loc i ty  of Iight of an ioniza t ion  reg ion  with a finite 
conduct ivi ty  into an ex te rna l  e l e c t r i c  field. As shown in [13], in the ca se  of a suff ic ient ly  high conduct ivi ty  the 
e l e c t r i c a l  energy  of the in i t ia l  f ield is  t r a n s f o r m e d  into the energy  of the magnet ic  f ield within the ionizat ion 
region.  

One can  a s c e r t a i n  that  at d i s t ances  on the o r d e r  of s e v e r a l  units the su r f ace  c o r r e s p o n d i n g  to some suf-  
f ic ient ly  high value of the conduct ivi ty  moves  with a ve loc i ty  very  c lo se  to the ve loc i ty  of l ight ,  whi le  at d i s -  
t ances  x ~ 1, a t  R = 1.54.105, for  example ,  the condi t ion of high conduct ivi ty  (~'r  >> 1) is s a t i s f i ed  at ~ ~ 1-2, 
so that  the condi t ions of [13] in the given conc re t e  c a s e  a r e  s a t i s f i ed  at x < 1-2 and T < 1-2. At l a r g e r  T the 
condi t ion of s t rong  conduct ion c e a s e s  to be sa t i s f i ed ,  the magnet ic  f ie ld begins to die  out at s m a l l  d i s t ances ,  
and the components  Er  and E~ of the induced e l e c t r i c  f ield appear .  

The t r a n s f o r m a t i o n  of the shape of the pu lse  with d i s t a n c e  is c l e a r t y  shown in Fig.  4. It is  s een  that  the 
f i r s t  ha l f -wave  of the pu lse  is  fo rmed  within d i s t ances  of x ~ 10, whi le  E~ ~ H~ ~ x -1 at  x > 10. 

It is  a l so  s een  that  when the emi t t ed  pu lse  has "depar t ed"  to a I a r g e  d i s t ance  a d i s tu rbed  e l e c t r i c  field of 
the d ipole  type  r e m a i n s  at r e l a t i v e l y  s m a l l  d i s t ances  (x ~ 1-10). This  is  a consequence  of the fact  that  in the 
t r a n s i e n t  conduct ing med ium in the zone of the s o u r c e  a space  cha rge  develops  owing to the po l a r i z a t i on  of the 
nonuniform conduct ing volume,  and this  cha rge  does not vanish  as ~ ~ 0, so that  in the zone of the s o u r c e  
where  the conduct ion was a s t a t i c  e l e c t r i c  f ield d i s t r i bu t ion  r e m a i n s  at  l a r g e  t. The spa t i a l  d i s t r i bu t ion  of the 

magnet ic  f ie ld for the s a m e  t i m e s  is  c l o s e  to the d i s t r i bu t ion  of E~ and H0; in c o n t r a s t  to the e l e c t r i c  f ield,  
the magnet ic  field does not r e m a i n  nea r  the s o u r c e  af ter  the p a s s a g e  of the pulse .  This  fact  is a consequence 
of the  in i t ia l  model ,  in which the s o u r c e  d ies  out with t ime.  In any other  model ,  such as  when the in tens i ty  of 
such a s o u r c e  dec l ines  not to ze ro  but to a f ini te  value,  the r e s i d u a l  f ields f rom a t r a n s i e n t  puIse of 7 r a d i a -  
t ion wiU d i s a p p e a r  with t ime ,  but a d i f fe ren t  f ield d i s t r ibu t ion ,  ana lyzed  in [14], a r i s e s  in the c u r r e n t  zone at  
l a r g e  t. 

F r o m  Fig.  5 [in which the emi t t ed  s ignal  {x = 60) is p r e s e n t e d  for d i f fe ren t  s o u r c e  in tens i t i e s :  1) R = 
7.7-102; 2) R = 7.7-103; 3) R = 1.5. 105; 4) R = 1.5" 106; 5) R = 1.5" 10~; 6) R = l . 5 .  108] i t i s  s e e n t h a t t h e a m p l i t u d e  
and dura t ion  of the emi t t ed  s ignal  depend l o g a r i t h m i c a l l y  on the in tens i ty  of the sou rce ,  which is explained by the l oga -  
r i t h m i c  dependence  on N of the ef fec t ive  s i ze  of the ioniza t ion  zone in which the in i t ia l  f ie ld is  s t rong ly  d i s -  
turbed.  

w As noted in Sec. 1, the solut ion p r e s e n t e d  above d e s c r i b e s  the phenomenon only up to the t ime  when 
the ex te rna l  med ium and the geoe l ec t r ! c  field can be c o n s i d e r e d  as uniform,  i .e . ,  ac tua l ly  up to t imes  r < 3-5 
psec.  F o r  the solut ion of the equations at  l a t e r  t imes  the use  of the expansions  (2.2) does not s impl i fy  the p rob -  
l em,  and the angular  dependence  of the f ie lds  mus t  be d e t e r m i n e d  s imul t aneous ly  with the dependence on d i s -  
t ance  and t ime ,  i . e . ,  the p r o b l e m  becomes  muI t id imens iona l .  The solut ion (even numer ica l )  of the mul t id i -  
mens iona l  p r o b l e m  p r e s e n t s  cons ide rab ly  g r e a t e r  d i f f icu l t ies  than the solut ion of the one -d imens iona l  p r o b l e m  
p r e s e n t e d  in Sec. 2,  but the c h a r a c t e r  of the phenomenon at l a t e r  t imes  can be e luc ida ted  on the bas i s  of r a t h e r  
s imp le  e s t ima t e s .  
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Let  us a s s u m e  that  under  the conditions desc r ibed  in See. 1 co r respond ing  to the lower a tmosphe re ,  a 
sou rce  of 7 rad ia t ion  is tu rned  on at a height h < h 0 with a high enough activi ty that  the conductivity of the a i r  
between the l aye r  of pos i t ive  cha rges  and the e a r t h ' s  su r f ace  grows cons iderably .  This  leads to the rapid  flow 
of charges  down f r o m  the p a r t  of the l aye r  located above the s o u r c e  to the ground through the region of in-  
c r e a s e d  conductivity.  Af ter  the fo rma t ion  Of a region with a reduced concent ra t ion  of cha rges  in the l ayer  at 
a height h 0 excess  cha rges  begin to flow into it  f r o m  neighboring reg ions  and a wave of compensa t ing  cu r r en t s  
t r a v e l s  out f r o m  the cen te r ,  caus ing a change in the  geoe lec t r i c  field at l a rge  d is tances .  Such a sepa ra t ion  of 
the p r o c e s s  into two s tages  is poss ib le  when the d i f fe rence  between the conductivity nea r  the s o u r c e  and the 
natura l  conductivity of the a i r  is l a rge  enough, and t h e r e f o r e  in analyzing the f i r s t  s tage  of the p r o c e s s  (the 
flow of cha rges  to the ground) one can neglec t  the effects  of cha rge  compensa t ion  in the l aye r  due to the c u r -  
r en t  f r o m  the neighboring reg ions ,  while  in analyzing the second s tage  of the p r o c e s s  (waves of compensa t ing  
cur ren t s )  one can  neglect  the change in the natura l  conductivity of the a i r ,  a s suming  that  at the t imes  of i n t e r -  
es t  in this ca se  (on the o rde r  of seconds and minutes)  the additional ionization of a i r  by the sou rce  has ceased.  

Let  us e s t im a t e  the s i ze  of the reg ion  whose  cha rge  is c a r r i e d  to the ground by the cu r r en t  aE.  The 
value of the field E can be e s t ima ted  f r o m  the Maxwell  equations. In this case  at  t imes  t ~ h 0 / c ,  when the 
zone of i nc rea sed  conductivi ty r eaches  s i zes  of ~h0, one can ignore  the effect  of the magnet ic  field at d i s -  
tances  of ~ h  0 f r o m  the source ;  this is seen  f r o m  the r e su l t s  p re sen ted  in Sec. 2. In this ca se  f r o m  the f i r s t  
equation of the s y s t e m  (2.1) we get 

dE~dr ~ --4~aE, 
f r o m  which we obtain the e s t i m a t e  for  the field E: 

E ~ E~ (--4r~ ! adt'). 

The subst i tut ion of E ~ in this solut ion is admis s ib l e  s ince the d is tor t ions  of the externa l  field caused  by a b r i e f  
pulse  of 7 rad ia t ion  a r e  so sma l l ,  l ike the additional magnet ic  field (see Sec. 2). Since the value of the induced 
conductivi ty ~ depends on the d i s tance  r f r o m  the source ,  

r = V R ~ +  (h0-- h)~, 

where  R is the d i s tance  f r o m  the axis of s y m m e t r y ,  the densi ty  of the c u r r e n t  f r o m  the l aye r  of pos i t ive  
charges is 

i (R,  t) = ~ .  (r (R?, t) exp - 4~ S ~ (r (R), O a t ' ,  
�9 0 

so that  the to ta l  change 5~.~)  in the su r f ace  cha rge  densi ty  in the l aye r  is desc r ibed  by the exp re s s ion  

8 y~(R)= i dt�91 ~o{l ,exp(_4zci~dt)}, (3.1) 

w h e r e  ~0 = E0/gTr is the initial  su r f ace  cha rge  density.  At sma l l  d is tances  R the exponent in (3.1) can be l a rge  
(when the act ivi ty of the s o u r c e  is high enough) and 6~. ~ ~.0 i .e . ,  the cha rge  moves  en t i re ly  f r o m  the l aye r  
to the ground. At l a rge  d i s tances  R the exponent is sma l l  and 6~. << ~0, i .e . ,  the cha rge  changes little. The 
boundary R 0 of the reg ion  f r o m  which the cha rge  has gone a lmos t  en t i re ly  to the ground is de te rmined  by the 
condition 

co 

4~ .[ 6 (r (Ro), t) dt = l, (3.2) 
0 
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i.e.,  it depends both on the activity of the source  and on its height. 

A~ large  enough d i s t a n c e s  (R >> R 0} the d is turbance  of the e lec t r ic  field E connected with the ~'discharge" 
of the layer  is equivalent t o  the field of an e lec t r ic  dipole of magnitude 

o ho t EOB~h M = 2~R~ X = "-ff 

with the negative charge  in the upper part .  

Let us cons ider  the dynamdcs of the motion of compensat ing charges  at t imes on the o rde r  of severa l  
seconds and later .  Leaving aside the details of the height dis tr ibut ion of the charges ,  one can consider  them as 
concentrated in some  plane lying at a height h0; the sur face  density of the charges  will be designated as E. The 
equil ibrium state of the sy s t em of charges  cor responds  to a constant  value Z = ~.0 over  the entire plane. 

At the initial t ime the equil ibrium state is disturbed,  since the charge  is ent i re ly removed f rom the r e -  
gion within a c i r c l e  of radius R 0. Instead of the motion of the compensat ing posit ive charges  one can consider  
the "spreading ~ of some equivalent negative charge  concentrated in  a c i rc le  of radius R* (t) and original ly d is -  
tr ibuted with a su r face  density ~0 in a c i rc le  of radius R 0. The density of the equivalent charge  var ies  by the 
law 

O Z / a t  = (aAl/~). a [RE R ]la/~, (3.3) 

where  E R is the e lec t r ic  field component tangential to the plane. For  qualitative es t imates  one can assume 
that a uniform charge  dis tr ibut ion within the c i rc le  R* (t) is retained during the entire t ime of outflow. In the 
p roces s ,  the total charge  uE[R*(t)] 2 = ,~Z~ ~ is conserved,  while the e lec t r ic  field E R var ies  by the law 

E 
[ , - -  ,~ ~ t• /R* at t t  < :  R * ,  
1 (3.4) 

" = I - - ~ ( R * / R )  ~ a: R > R * .  

Substituting (3.4) into (3.3), we find that at R < R* we have 

<:. -~ at = - - 2 ~ a h .  E,'/~* (t), 

which makes it possible,  using the conservat ion  law, to wri te  the solution in the form 

~ (~  < R*, t) = Z~ ~, R * =  Ro-t- ~taht. 

Thus, the outflow of the effective charge  occurs  with a constant  velocity D = ,~rA and its density at t >> 
R 0 / r ~ r  declines as t -2. 

The dynamics  of the compensat ing cur ren ts  descr ibed  leads to a nonmonotonic t ime dependence of the 
ver t ica l  e lec t r ic  field at a dis tance R f rom the axis of symmet ry .  Actually,  at the initial t imes folIowing the 
abrupt decline in the field due to the rapid "d ischarge"  of par t  of the sur face  charge  to the ground the field 
continues to decline owing to the approach of the "edge" of the region of reduced charge  concentra t ion to the 
detect ion point. Only af ter  R* eventually becomes g rea te r  than R does the field s ta r t  to decline in propor t ion 
to the decline in charge  density. A valid express ion  for the ver t ical  field E v at the ea r th ' s  surface  is 

c o  

= R' Z {n' ,  t) dR'  .t" + + R '2 - -  2 n n '  
o o 

which, for a uniform charge  distr ibution in a c i rc le  os radius R* (t), has the form 
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h / R \ ~  [ h0,  (3.5) 
0 L 

In accordance  with (3.5) the t ime dependence of the field is connected with the var ia t ion of R* = R*(t). The 
dependence of E v / E  0 on R* is presented in Fig. 6 for two distances R = 7.8 and 14.3 km (curves 1 and 2, r e -  
spectively;  wetake t~  = 3 km and R 0 = 7.5 kin). It is seen that the maximum value of the field is reached the 
la ter ,  the far ther  away the detect ion point is located. The magnitude of the maximum dec reases  with distance. 

w Let us compare  the resu l t s  obtained with the available experimental  data. F i r s t  we co :~ ider  the 
shor t -pe r iod  dis turbances  of the geoelect r ic  field analyzed in See. 2. It is seen f rom Fig. 5 that for R = 1.54. 
105 the amplitude of the signal at a distanc, e x = 40 compr i ses  ~10-2E ~ Taldng E ~ as equal to the average value 
of the geoelect r ic  field at zero  height, E ~ - i80 V / m  [ i l ] ,  in accordance  with the qualitative es t imate  we find 
that the magnitude of the signal at this dis tance is ~2 V / m ,  which, though markedly lower than the observed 
level of the signal generated by a shor t  pulse of Y radiat ion (according to the resul ts  of [9], the amplitude of 
this signal is ~15 t imes higher),  is still quite measurable .  The effects of a d i s tu rbance  of the geoeleetr ic  field 
can become control l ing when the magnitude of the geoeleet r ic  field grows by hundreds or  thousands of t imes  
during ra infal ls ,  gales ,  and snowstorms.  In this case  a change in the polar i ty  o f  the emitted pulse is possible 
together  with a change in the sign of the geoelect r ie  field. 

Let us compare  the resu l t s  of the approximate, analysis  of the slowly varying fields, due to the flow of 
posit ive charges  in the l ayer  at a height h 0 into the region of reduced concentrat ion,  with the resul ts  of exper i -  
mental  observat ions of slow variat ions of the geoelec t r ic  field presented in [10]. F i r s t  of all, we determine 
the s ize  R 0 of the region of reduced concentra t ion given by Eq. (3.2). To calculate  the integral  we use the data 
of [10] on the source.  Using Eqs. (8) and (10) of [10], we wri te  the integral  of (3.2) in the fo rm 

r z~ 

4~ odt = ---= V --~-- exp --  ~ - i d r  /112 (t) dt (4.1) 
r t -  ~ - J 0  

(here and below the designations and values of the quantities a re  the same as those in [10]). As for the normal -  
ized function f(t), it is known that it var ies  as t -1"2. To make normal iza t ion  possible,  we must  assume that 
f(t < t l) = 0. Then f(t) can be wri t ten  in the fo rm 0.2t~'2t -1"2. In o rder  that the integral over  t in (4.1) have a 
finite value, it is neces sa ry  to assume that f(t > t 2) = 0. Then 

lzT__ ~ to,~to,~ ]~12(t) d l ~ v  �9 ~ ~ �9 

The dependence of the final resu l t s  on t 1 and t 2 is very  weak, and for de te rminacy  we take t 1 = 10 -s sec and 
t 2 = 10 -2 sec below. Changes in t 1 and t 2 by one to two o rders  of magnitude change the resu l t  by 2-5%. Sub- 
stituting the numer ica l  values f rom [10] into (4.1), we obtain 

co 

4n ~ adt = "10~r - i  exp (-- 1.7~r), (4.2) 

where  r must  be given in k i lometers ;  ~ is the mean density of the air  in the l ayer  between h and h 0 (normalized 
to the a i r  density at ze ro  height). According to [101 (one must  allow for the elevation of the earthfs sur face  
above sea  level), 0.8 _> ~ _> 0.6 (below we take ~ = O.7). The function (4.2)is  equal to unity at r = 8 kin, which 
leads to a value of R 0 = 7.5 km, for example,  for h = 0.3 km and h 0 = 3 kin. 

The dipole moment  connected with the "discharge"  of the layer  compr i ses  M ~ 0.4 C �9 km (taking E 0 = 
40 V / m ) ,  which is comparab le  with that cited in [10]. Here  it should be noted that the value of lV[ in [10] was 
calculated on the basis of the resu l t s  of measurements  of the field E v in the model of the phenomenon adopted 
in [101, according to which the dipole is formed by the charging source  and its ref lect ion in the ground. For  
a more  c o r r e c t  compar i son  of the theoret ical  and experimental  resul ts ,  one mus t  tu rn  direct ly  to the exper i -  

mental data presented in [10]. 

The complicated t ime dependence of the field at a dis tance of 7.8 km and the s impler  dependence at a 
dis tance of 14.3 km a t t rac t  attention. At a distance of 7.8 km an initial narrow peak (with a duration of < 10 
sec) was r ecorded  in which the d is turbance  exceeded the initial field, after  which there  followed a f lat ter  s ig-  
nal, a lso with a maximum at t ~ 30 see. The amplitude of the field dis turbance at the second maximum is 
also comparable  with the initial field. At a distance of 14o3 km the initial nar row peak is absent, and after the 
initial jump the dis turbance continues to grow, reaching a maximum at ~ 1.5 min, after  which it declines with 
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a c h a r a c t e r i s t i c  t ime  of ~5 min. These  r e su l t s  can  be compa red  with the r e su l t s  of the calculat ion of the v e r -  
t ica l  e l ec t r i c  field p r e sen t ed  in Sec. 3 if  one a s s u m e s  that  R* changed at a r a t e  of ~6 k m / r a i n  f r o m  7.5 km 
at  t = 0. In this ca se  R* reaches  values  of ~9 km,  at which the field d i s tu rbance  at a d i s tance  of 7.8 km is 
g r ea t e s t ,  at a t ime  of ~15 sec ,  which coincides with the obse rved  value. 

Values of 17 kin, at which the field d i s tu rbance  at a d is tance  of 14.3 l ~  is g r ea t e s t ,  a r e  reached  by R* 
at t ~ 1.5 min,  which also ag rees  with the obse rved  t ime.  The calcula ted  ampli tudes  of the field d is turbances  
a r e  comparab l e  with the obse rved  ampli tudes  (the d i f fe rences  do not exceed twofold). 

The init ial  na r row peak  obse rved  at a d i s tance  of 7.8 km is not explained within the f r a m e w o r k  of the 
model  of See. 3. Its na ture  is evidently connected with an i nc r ea se  in the conductivity of the a i r  in the i m -  
media te  vicini ty  of the  detect ion point under  the act ion of the T radiat ion.  The local  c h a r a c t e r  of such an effect  
(it is absent  at a d i s tance  of 14.3 kin) suppor t s  this  point of view. 

It should be noted that  to p rov ide  the obse rved  veloci ty  of the wave  of compensa t ing  cu r r en t s  one mus t  
take a conductivity of ~5 �9 10 -2 sec  - !  in the l aye r  w e r e  these  cu r r en t s  flow, which exceeds  the natural  con-  
ductivi ty at these  heights  (~3-4  km) by about an o r d e r  of magnitude.  Such values of the conductivity a re  evi -  
dently connected with the i r r ad ia t ion  of the a i r .  To ref ine  the model  of Sec. 3 one would have to cons ider  the 
t h r ee -d imens iona l  mot ion of the wave of compensa t ing  cu r r en t s  in a med ium with a conductivity which var ies  
with t ime  and with d is tance ,  which takes  the p r o b l e m  beyond the l imi t s  of s imp le  e s t i m a t e s ,  however .  

The authors  thank G. G. Vilenskaya,  who p e r f o r m e d  the numer ica l  calculat ions.  
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