
E L E C T R O M A G N E T I C  DISTURBANCE C R E A T E D  BY AN EXPANDING CONDUCTING CYLINDER IN 

A MAGNETIC F I E L D  

V. K. Bodu l insk i i  and Yu. A.  M e d v e d e v  

Zhurna l  P r t k l a d n o i  Mekhanik i  i Tekhn iehesko i  F i z i k i ,  Vol .  10, No. 4, pp. 9 1 - 9 2 ,  1969 

We e x a m i n e  the e l e c t r o m a g n e t i c  d i s t u r b a n c e  c r e a t e d  by a l i n e a r l y  expanding,  idea l ly  conduct ing  c y l i n d e r  
in an e x t e r n a l  u n i f o r m  m a g n e t i c  f i e ld  with accoun t  fo r  e f fec t s  of o r d e r  v / c  (v is the bounda ry  ve loc i ty ) .  

The p r o b l e m  of u n i f o r m  magne t i c  f i e ld  c o m p r e s s i o n  in a c o n t r a c t i n g  c y l i n d r i c a l  cav i ty  with idea l ly  
conduc t ing  wal l s  wi th  r a d i u s  d e c r e a s i n g  l i n e a r l y  wi th  t i m e  was  so lved  in [1]. As  fa r  as  we know the  
c o r r e s p o n d i n g  e x t e r n a l  p r o b l e m  has not  been  inves t i ga t ed .  

In the p r o b l e m  of the expans ion  of an  idea l ly  conduc t ing  c y l i n d e r  with l i n e a r l y  i n c r e a s i n g  r a d i u s  a(t) = vt in an 
e x t e r n a l  cons t an t  u n i f o r m  m a g n e t i c  f i e ld  p a r a l l e l  to the c y l i n d e r  ax i s ,  the componen t s  Hz( r ,  t) - H and E ~ ( r ,  t) - - E  
a r e  n o n z e r o  and s a t i s f y  the  equa t ions  

Or c Ot 

1 O ( r E ) - -  1 OH (2) 
r Or c Ot 

(we have  u s e d  the r ,  z c y l i n d r i c a l  c o o r d i n a t e  s y s t e m  with z - a x i s  a long the c y l i n d e r  axis)  and the in i t ia l  cond i t ions  

/ / (r ,  0) = H0, E (r, 0) = 0 (3) 

The fo l lowing  boundary  cond i t ion  m u s t  be s a t i s f i e d  on the m o v i n g  s u r f a c e  of the c y l i n d e r  [2]: 

E(a(t) ,  t) -{- a'(t) H(a(t) ,  t)=O (4) 
c 

We s e e k  the  so lu t ion  of the p r o b l e m  (1)-(4)  in the r e g i o n  {a(t) _< r < ~ ,  t _> 0}, r e g u l a r  a t  inf in i ty  and s a t i s fy ing  
the  r a d i a t i o n  p r i n c i p l e .  

The so lu t ions  m u s t  h a v e t h e  f o r m  of an expanding  wave ;  t h e r e f o r e ,  i t  is conven i en t  to c o n v e r t  to the  v a r  i ab les  
p and 7: 

o . . . .  ~ = t - - ~ l ~  (5) 

in which Eqs .  (1) and (2) t ake  the  f o r m  

OH t OH m i OE i 0 i O R  | OH 
op c- o-~ c o~r ' p of) (pE) c 0"~ c 0T (6) 

We can  f o r m u l a t e  the  p r o b l e m  fo r  only the  func t ion  H or  fo r  only E.  Then  i n t h e p r o b l e m  of the m a g n e t i c  f i e ld  H 
t h e r e  a r e  t h r e e  independent  s i m i l a r i t y  c r i t e r i a :  

H / H o , ~ = v / c ,  v z / p  

and on the bas i s  of the p i - t h e o r e m  [3] we have  the r e l a t i o n s  

Ho ~ - ) '  Ho 

In the  c a s e  in q u e s t i o n  fl = cons t ;  then we s e e k  the func t ions  H and E in the f o r m  

H = H0 �9 (x), E = go ~F (x), x = v ~ / p  (7) 
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Subst i tu t ing  (7) into (6), we obta in  

(* + 6) r  = -- ~ ' ,  ~' - -  (* + 6) ~" = ~r (8) 

( t h e p r i m e  deno te s  d i f f e r en t i a t i on  with r e s p e c t  to x), hav ing  the so lu t ions  

T(Z) = A ]fx-~+ 2~x (A ---- const) 

q ) ( x ) = - - ~ A l n [ 2 V x ~ + 2 ~ z + 2 ( x + ~ ) ] + B  (B = coast) 

Subs t i tu t ing  the  l a s t  r e l a t i o n s  into (7), r e t u r n i n g  to the o r ig ina l  v a r i a b l e s  r and t, and d e t e r m i n i n g  the  cons t an t s  
A and B f r o m  the  in i t i a l  (3) and boundary  (4) condi t ions ,  we obtain  

fo r  vt  _ r _< c t  

fo r  r > c t  

F @  = { K~ ----2-~-- ~ In [20 + Y~ --=~1} -~ 

H =  Ho, E ~  0 

We can s e e  by d i r e c t  subs t i tu t ion  that  t he se  f o r m u l a s  y ie ld  the so lu t ion  of the  p r o b l e m  (1) - (4) .  

T h e s e  r e s u l t s  m a y  be use fu l  in eva lua t ing  the  d i amagne t i c  d i s t u r b a n c e s  a c c o m p a n y i n g  the expans ion  of a l ightn ing  
d i s c h a r g e  co lumn ,  the decay  of wakes  of bod ies  t r a v e l i n g  at high speed  in the  a t m o s p h e r e  in the  E a r t h ' s  m a g n e t i c  f ie ld ,  
and a l so  in o the r  p r o c e s s e s  of an e x p l o s i v e  n a t u r e  wi th  c y l i n d r i c a l  s y m m e t r y  in an  e x t e r n a l  m a g n e t i c  f ie ld .  
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