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This paper presents  resul ts  of calculations made on a BI~SM-6 computer  of the e lec t r ic  field of a rod 
and a plate, and also,  of the distort ion in an external field produced by a rod antenna. 

The problem often a r i ses  of calculating the axial and plane e lectr ic  fields produced by a cylindrical  
rod of finite size with a cer ta in  potential distribution along its length o r  by plates,  disks, and s t r ip  lines.  
This class of problem also includes the calculation of the fields f rom an exploding wire [1] and f rom a 
rheos ta t  potential divider used to measure  high pulse voltages,  the determination of the distort ion in an ex- 
ternal  field produced by a test  antenna or  in the a tmospher ic  field by a lightning conductor,  and finally the 
question of creat ing a uniform field in a r e s t r i c t ed  volume for simulating the action of a uniform external 
field [2]. In this las t  case,  it is important  to be able to calculate the distort ion produced by the in t roduc-  
tion of a tes t  object. 

In the quasistat ic  approximation, the field calculation reduces to the integration of the Laplace equa- 
tion with the given boundary conditions. An analytical solution is difficult in the par t icular  cases  we are  
considering.  However, the difficulty can be resolved by a simplification of the problem. In [3], for example, 
an analysis  of the field of a l inear dipole is ca r r i ed  through on the assumption that the antenna is thin~ 

A whole class  of problems,  including those specified above, can be solved by the method descr ibed 
in [4]. 

As an example, we consider  the e lec t r ic  field of a rod and a plate inside a grounded envelope (the ex- 
ternal boundary). The details of the problem are  as follows: length of rod 4 m, radius 0.1 m; the potential 
var ies  l inearly along the rod with a unit gradient  (urn = 4); grid step h = l = 0.2 m; envelope radius a = 10o7 
m, height b = 16.2 m. The dimensions in the plane cases  are  the same as in the axial case ,  

Figures l a  and lb show the equipotentials for the rod 
and plate, respect ively ,  at  intervals  of Au = 0.4. In the 
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TABLE 1 

Z~ Ffl 

rr'm ' 0.4 ] 0.8 [ i.g [ 1.6 2.0 [ 2./~ 2.813.2 3.6 I ~.0 

OA 0.85 t . 7 t  2.58 3.48 4.42 9.74 t5.2 
0.025 t.69 3.40 [ 5.12 6.89 [ 8.7t 1t0.0 [12.7 i5.0 t8.2 [ 25.9 
0.01 [3.s4 7.7011t.6 115.4 t9.5 /23.5 127.9 32.7 38.7 I 52.9 

c a s e  of the p l a t e ,  F ig .  l b  a l s o  shows  the e qu ipo t e n f i a l  
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po in ts  t ha t  have  b e e n  d e r i v e d  f o r  the e q u i v a l e n t  p r o b l e m  
with an  i n f i n i t e l y  d i s t a n t  b o u n d a r y  [5]. I t  can  be  s e e n  
tha t  the two f i e ld  p a t t e r n s  a r e  in c l o s e  a g r e e m e n t  for  
d i s t a n c e s  r < 3 m f r o m  the p l a t e .  F u r t h e r  out,  the e f f e c t  
of  the b o u n d a r y  ( c h a m b e r  wa i l s )  b e c o m e s  i m p o r t a n t .  
This  e f f ec t  would  be l e s s  no t i c e a b l e  in the a x i a l l y  s y m -  

m e t r i c  c a s e .  

We now c o n s i d e r  the c a s e  of the r o d  in  m o r e  de-  
t a i l .  F i g u r e  2 shows  a p l o t o f E z = E  z(r)  f o r z = 0 . 2  m 
(cu rves  1 and 2). Curve  3 c o r r e s p o n d s  to the f i e ld  f r o m  
the p l a t e s  a t  a h e i g h t  of  z = 0. I t  c an  be  s e e n  tha t  wi th  
i n c r e a s i n g  d i s t a n c e  f r o m  the r o d  the v e r t i c a l  f i e ld  c o m -  
ponent  f a l l s  off r a p i d l y .  N a t u r a l l y ,  in the  c a s e  of the 
p l a t e ,  the f i e ld  in the s u r r o u n d i n g  s p a c e  i s  g r e a t e r  and  
the d e c r e a s e  with d i s t a n c e  i s  s l o w e r .  The m a x i m u m  
va lue  of  E z o c c u r s  a t  the  g round  s u r f a c e  (z = 0). The 
va lue  then  f a l l s  off and  c ha nge s  p o l a r i t y  a t  a l e v e l  
rough ly  equa l  to the  he igh t  of the end of the rod .  

The field component E r increases as E r ~ z near the rod, and then decreases (E r N i/r) as the radial 
distance gets greater. The magnitude of E r can be several times bigger than that of Ez on the rod~ 

The field calculations were made for different values of the rod radius r r. The values of E r at the 

rod surface are given in Table I. 

As a rule, a decrease in rr produces a drop in Ez near the rod, and an increase in E r at the surface. 

Calculations show that Er might be some tens of times bigger than Ez. These large values of E r have been 

confirmed in [4] on a simplified model of a two-wire coaxial system. 

There is an obvious possibility of large radial field gradients appearing in the electric explosion of 

a wire. These could produce ionization in the surrounding air and lead to a broadening of the discharge 

track; the ionization is most likely to occur high up the wire. The process might in fact affect the potential 

distribution along the wire, depending on the magnitude of the dynamic resistance, so that it becomes non- 

line at. 

These ideas also apply to the measurement of large voltage pulses by means of rheostat potential 

d i v i d e r s .  

F i g u r e  3a and 3b show the d i s t o r t i o n  in  a u n i f o r m  e x t e r n a l  f i e ld  p r o d u c e d  by  ~he i n t r o d u c t i o n  of  an  
e l e c t r i c a l l y  s h o r t  r o d  an tenna ;  in F ig .  3a the an tenna  is  un loaded ,  and in  3b, i t  i s  s h o r t  c i r c u i t e d .  It fo l -  
lows f r o m  the f i gu re  tha t  the d i s t o r t i o n  i s  g r e a t e s t  when the l oad ing  i s  g r e a t e s t - a s  i s  p h y s i c a l l y  r e a s o n a b l e .  

The  f i e ld  p a t t e r n  in F ig .  3b a l s o  g i v e s  an  i d e a  of the d i s t o r t i o n  in  the a t m o s p h e r i c  e l e c t r i c  f i e ld  which  
would  o c c u r  n e a r  a l i gh tn ing  c o n d u c t o r .  The r e s u l t s  could  be usefu l  fo r  d e t e r m i n i n g  the r e g i o n  o v e r  which  
d i s c h a r g e  o c c u r s  in  such  a c o n d u c t o r .  

The author is grateful to V. A. Enal'skii and Ao V. Luehinskii for valuable discussions. 
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