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The nonstationary radial motion of a long cylindrical column of con- 
ducting gas in a time-varying longitudinal magnetic field is con- 
sidered. Exact solutions are found by the method of separating the 
variables for the system of equations of magnetohydrodynamics on 
the assumption that the statistical pressure of the plasma at the boun- 
dary of the column is proportional to the external magnetic pressure. 
Some numerical computations are performed and the energetic char- 
acteristics of the interaction process are calculated. The ratio of the 
useful work done by the gas over an infinite time interval to the initial 
energy of the column is given as a function of the magnetic Reynolds 
number. We note that a similar method was applied in [1], where 
not only was the average temperature taken over the cross section, but 
the inertia of the medium was also neglected. When the inertia is 
taken into account, we have the additional requirement that the sta- 
tistical pressure be proportional to the magnetic pressure at the boun- 
dary of the column. 

A physically similar model may be interpreted, for example, as the 
expansion of a compressible conducting gas column in a nonconducting 
incompressible fluid situated in a permeable cylinder of some radius 
R infinite along the axis of symmetry. The requirement that the 
statistical pressure be proportional to the magnetic pressure reduces 
to the condition that the external pressure on the boundary of the 
permeable cylinder of radius R should vary according to a specific law, 
which may easiIy be determined. 

We s h a l l  m a k e  the  f o l l o w i n g  a s s u m p t i o n s .  
(1) The  c o n d u c t i v i t y  of  t he  g a s  i s  f i n i t e  and is  d e -  

t e r m i n e d  by  the  t e m p e r a t u r e  

~o ~;o (~ > 0). (0.1) 

(2) The  g a s  i s  i d e a l ;  v i s c o s i t y  and  t h e r m a l  c o n d u c -  

t i v i t y  a r e  no t  a l l o w e d  f o r .  
(3) D i s p l a c e m e n t  c u r r e n t s  a r e  e v e r y w h e r e  n e g -  

l e c t e d .  In p a r t i c u l a r ,  i t  i s  a s s u m e d  tha t  the  v a r i a t i o n  
o f  m a g n e t i c  f i e l d  s t r e n g t h  on the  e x t e r n a l  b o u n d a r y  o f  
t he  e x p a n d i n g  c y l i n d r i c a l  c o l u m n  m a y  be  d e s c r i b e d  
by an a r b i t r a r y  l aw ,  wi thou t  c o n s i d e r i n g  the  e l e c t r o -  
m a g n e t i c  w a v e s  in t he  e x t e r n a l  n o n c o n d u c t i n g  s p a c e .  

The  l a t t e r  a s s u m p t i o n  is  c o r r e c t  i f  t he  v e l o c i t y  of  
e x p a n s i o n  is  m u c h  l e s s  than  the  v e l o c i t y  of  l igh t .  

(4) A s t a t i s t i c a l  p r e s s u r e  p r o p o r t i o n a l  to t he  e x -  

t e r n a l  m a g n e t i c  p r e s s u r e  is  m a i n t a i n e d  on the  e x t e r -  

na l  b o u n d a r y  of  t he  c o l u m n .  
T h i s  r e q u i r e m e n t  i s  c o n n e c t e d  wi th  the  c o n d i t i o n  

tha t  t he  p r o b l e m  be  s e l f - s i m i l a r  in t he  s e n s e  tha t  t he  

v a r i a b l e s  be  s e p a r a b l e .  
1. B a s i c  e q u a t i o n s .  In v i e w  of  a s s u m p t i o n s  (1) - (3)  

t he  s y s t e m  of e q u a t i o n s  of  m a g n e t o h y d r o d y n a m i c s  in 

c y l i n d r i c a l  c o o r d i n a t e s  h a s  the  f o r m  

OH i 0 ( r v H ) - -  c2 i 0 ( r O H ~  (1.1)  
a'-i - ~ 7 -dF 4~ ~ Or \ z ar / ' 

a~ ov ~ a (  [ p ~  o~ I o 

= - -  PP Vi-  i -~)  "4- ~ l Or / (p = R p T ) .  

H e r e  H ( r ,  t) and v ( r ,  t) a r e  t he  l o n g i t u d i n a l  and 
r a d i a l  c o m p o n e n t s  of  the  v e c t o r s  H and v ,  r e s p e c -  
t i v e l y .  The  v e c t o r s  H and  v do no t  h a v e  any o t h e r  
c o m p o n e n t s  (d/dz - 0, d/dq~ ~ 0). We w i l l  s e e k  a 
s o l u t i o n  s a t i s f y i n g  the  c o n d i t i o n  of  p r o p o r t i o n a l  e x -  

p a n s i o n ,  i. e. , 

r da 
v (r, t) = a - ~  ~7 ' (1.2) 

w h e r e  a (t) is  t he  unknown law of  m o t i o n  of  the  c y l i n -  

d r i c a l  c o l u m n  b o u n d a r y .  
We i n t r o d u c e  t h e  no t a t i on  

H �9 p 
h~ = -~o ' P~ = --I~Q~ / 8~ ' 

01 T P ~ _ _  a 
~--- T-oo ' P* "-~ Hoz /8gRTo  ' ao " 

r �9 Vo t to  = -  a oo ao 

= ~ '  = a--o' vo - -  ~ '  

v = ~ ,  Vo= ~ .  (1.3)  

Here, in order to construct dimensionless quanti- 
ties, we choose the following scales: H0 is the mag- 
netic field strength at the boundary of the column at 
the initial moment of time, a 0 is the initial radius of 
the column, T O is the temperature at the boundary of 
the column at the initial moment, v 0 is a character- 
istic velocity, (r 0 is the conductivity at a temperature 

T 0. We represent equations (I. i), (I. 2), and (i. 3) in 

t he  f o r m  

1 0 0pl _ 2p~)4 (-c) 

_ _  = - -  0 ~'t  t t / O h l ~  

( __n = _cp-- t )  . (1.4)  
~ r Cv 

The  t h i r d  e q u a t i o n  of  s y s t e m  (1 .4)  m a y  be  i n t e -  

g r a t e d .  We ob ta in  

Pl = r (~) / ~s (~). (1.5) 

H e r e  �9 (~) i s  s o m e  func t i on  of  ~. E m p l o y i n g  (1.5)  
and i n t r o d u c i n g  the  new unknown f u n c t i o n s  

h (L ~) = ~ (~)hl (L ~), 

0 (~, ~) = ~ 0 1  (~, ~), (1 .6)  
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the  r e m a i n i n g  equat ions  m a y  be w r i t t e n  in the f o r m  

(~) ~ (~ )  a~ P~ + ~ , a~ ~0-~n p~ \ ~ j  ' 

ah v I a (~0h~,  r (1.7) 
aT - -  ~2-~x,~ ~ oF. \e ,~aE)  P~ = ~ .  

We a r e  look{ng fo r  the p a r t i c u l a r  so lu t ion  of s y s -  
t e m  (1.7) in the  f o r m  

.h (L ~) = r (~)Z (~), O- (~, ~) = 

= V ( x ) X ( ~ ) ,  p ~ ( ~ , ~ )  = G ( v ) Y ( ~ )  (L  8) 

(i. e . ,  the se l f  s i m i l a r  so lu t ion  [1]); h e r e  we sha l l  
a s s u m e  tha t  

T ( 0 ) = ~ ,  V ( 0 ) = l ,  o ( o ) = i .  (1.9) 

It is  e a s y  to s ee  tha t  the v a r i a b l e s  in equat ions  (L 7) 
m a y  be  s e p a r a t e d  on condi t ion t h a t  

T 2 ( ~ )  - - c o n s t = l .  
)~a(~) V (~) (1. 10) 

Here  the cons t an t  i s  equal  to 1 in view of (1.9) and 
the in i t i a l  condi t ion  

(o) = ~. (1.11)  

It fo l lows f r o m  (1.10) that  in th i s  c a s e  the  r a t i o  of 
the s t a t i s t i c a l  p r e s s u r e  to the  m a g n e t i c  p r e s s u r e  fo r  
e v e r y  g iven  p a r t i c l e  is  a cons tan t  quant i ty  indepen-  
dent  of t i m e .  This  condi t ion  is  fu l f i l l ed  i f  a p r e s s u r e  
is  m a i n t a i n e d  on the e x t e r n a l  bounda ry  of the  c y l i n -  
d r i c a l  co lumn which i s  p r o p o r t i o n a l  to the m a g n e t i c  
p r e s s u r e  ( a s s u m p t i o n  (4)). 

A f t e r  se t t ing  (1.8) in s y s t e m  (1 .7) ,  employ ing  con-  
d i t ion  (1.10) and s e p a r a t i n g  the v a r i a b l e s ,  the  fo l low-  
ing two s y s t e m s  of equat ions  a r e  obta ined:  

fo r  the funct ion T 09 ,  V 0"), G (T), X 09 

~," (~) V (T) ~2-2xn d T  = ~, 
)~ ('c) G ('v) = a, T ('r) dT 

;~6+2• G (v) dV ;L2+sxn G ('~) 
T~(~) d ~ = ~ '  vV~(~) --*' (~. 12)  

fo r  the funct ions  X(~) ,  Y(~) ,  Z (~), @ (~) 

1 d 
~r d~ [Y(U+Z~(~)]  = a ,  

Y ( ~ ) X f f . )  \ ~ ]  = bt' Y{~)  ( 1 . 1 3 )  

Here  c~, fl, # and ~ a r e  s o m e  cons tan t  quan t i t i e s .  
In  view of the s ca l i ng  quan t i t i e s  adopted  and the n o r -  
m a l i z i n g  condi t ions  (1.9) fo r  funct ions  of �9 the boun-  
d a r y  condi t ions  for  the  spa t i a l  funct ions  wi l l  be as  
fo l lows:  

z (~)I~=x = i ,  x (~) I~=~ = t ,  Y (~) I~=~ = q, ( 1 . 1 3 )  

where  q denotes  the  r a t i o  of the  s t a t i s t i c a l  p r e s s u r e  
to the  m a g n e t i c  p r e s s u r e  at  the  bounda ry  of the co l -  
umn under  c o n s i d e r a t i o n .  On the b a s i s  of (1.19) the 
cons tan t  ~b f r o m  the l a s t  equat ions  of (1.12) and (1.13) 
m u s t  be  se t  equal  to unity.  

2. I n t e g r a t i o n  of the  r e s u l t i n g  s y s t e m s  of equat ions .  
The unknown funct ions  m u s t  s a t i s fy  not only  the  s y s -  
t e m s  of  equat ions  (1.12),  but  a l so  the add i t iona l  con-  
d i t ion (1 .10) ,  n e c e s s a r y  fo r  obta in ing the p a r t i c u l a r  
solut ion under  c o n s i d e r a t i o n ,  and so the cons tan t s  a ,  
fl, and p m a y  not be a r b i t r a r y .  In fac t ,  we sha l l  f i r s t  
of a l l  c o n s i d e r  the  s y s t e m  of equat ions  fo r  funct ions 
of the  v a r i a b l e  % We wil l  r e p l a c e  the funct ion G (T) 
in nil  the  equat ions  of  (1.12) ,  e x p r e s s i n g  i t  in t e r m s  
of X (r) and T 09 from (i. i0). 

We shall then have the system of four equations 

%,, (T) ~3 (~) = ~T ~ (~), ~ In T _ ~ 1 
dr ~-~• V ('r) 

i -  F = ~" T (~:) = V ''~'~ (~) ~?-* (,r) 
dT )~2-2• ' 

( 2 . 1 )  

fo r  the  unknowns T (T), V (7), and X (T). 
The n u m b e r  of equat ions  is  l a r g e r  than the num-  

b e r  of unknowns and so the  s y s t e m  can be  c o n s i s t e n t  
only if  we have funct ions d e t e r m i n i n g  the r e l a t i o n s  
be tween  the cons tan t s  (~, fi, and p .  In o r d e r  to obta in  
t h e s e  r e l a t i o n s  we sha l l  c o n s i d e r  the  l a s t  t h r e e  equa-  
t ions  of the s y s t e m  (2.1);  we have 

(1--x)2n$ (1--x)2n~ 

T ('~) : [;~ ('c)] 2~-~. , V ('~) = [% (~)] 2,~-~. , (2.2) 

2n~(2xn--1)-}-p.(1--2n) 
(i --  ~) 2n ~,, 
~n~-- ~- (V) = [)~ (~)] 2=~-~ (2.3) 

We d i f f e r en t i a t e  the  l a s t  equat ion and w r i t e  i t  in 
the  f o r m  

2n~-- ~ [2n~ (2•  t) + 
;V (~) = [(l --  x) 2nl 2 

2nB(4• 
+ ~ (i - -  2n)] [~ (~)1 ~ - ~  " (2.4) 

Set t ing T (T) f rom(2 .2 )  in the f i r s t  equat ion of s y s -  
t em (2. 1), we obta in  ano ther  equat ion fo r  k (7) : 

~," (~) = ate, ~--~%--a (2.5) 

F o r  s y s t e m  (2.1) to be  s e l f - c o n s i s t e n t  equat ions  
(2.4) and (2.5) m u s t  be  iden t ica l .  Two c a s e s  m u s t  be 
c o n s i d e r e d  s e p a r a t e l y .  

In  the f i r s t  c a s e  ~ # 0. We equate  the  ind ices  of 
p o w e r s  of k, and a l so  the cons tan t  m u l t i p l i e r s  on the 
r i gh t  s ides  of equat ions  (2.4) and (2.5).  

We obta in  as  a r e s u l t  

x -4- 2xn  - -  i ' 4n~ 0r + 2xn  - -  1) ~ " ( 2 . 6 )  

Here  in d e r i v i n g  the e x p r e s s i o n  fo r  ~ use  was  m a d e  
of the  e x p r e s s i o n  fo r  ft. 
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Thus ,  of the t h r ee  cons tan t s  a ,  fi, and # only one 
is  independent .  F r o m  equat ion (2.3) and condi t ions  
(1.11) and (2.6) we have 

k(~) = t -~ ~ ( x - ~ - : - i )  ~ x 

X ( !~=  k 2n (~r + 2~n -- 1)-). (2.7) 

It follows f rom re l a t ions  (2.2) that 

2n 2n(x@2•  
r ('[') = ~2n+l, W (z) = ~ ~'+~ (2.8) 

The independent  cons tan t  # is exp re s sed  in t e r m s  
of the d i m e n s i o n l e s s  in i t i a l  veloci ty  k = X '(0). 

The second case  is a = 0. Fo r  the equat ions (2.4) 
and (2.5) to be ident ical  it is n e c e s s a r y  that  the con-  
s tant  m u l t i p l i e r  on the r ight  s ide of equation (2.4) be 
equal  to zero.  The re  a re  two poss ib i l i t i e s .  

The f i r s t ,  2nil - p = 0, leads  to the t r i v i a l  solut ion 
X'(T) ~ 0. The second,  2nil (2~4n - 1) + p (1 - 2n) = 0, 
g ives  

(2n - -  i)l~ ( 2 . 9 )  
- -  2 n ( 2 u n - - t )  " 

Here  

We have boundary  condi t ions  for  this  equat ion in  
the f o r m  

Z ( i ) = t ,  ~ ~=~= \2-~wq ] = \ 2n-'~-~--q) . (3.4) 

The second condi t ion is obtained f rom the th i rd  
equat ion of s y s t e m  (1.13) and the boundary  condi t ions  
(t. 14) for  the funct ions X($),  Y($). 

To solve the equat ion (3.3) we in t roduce  the new 
independent  va r i ab l e  x = In $; we obtain for  the func-  
t ion u(x) = Z (~) 

u" - -  2u' + B ~  (u') * = 0. 

This  equation does not conta in  the independent  v a r i -  
able x expl ic i t ly .  We thus in t roduce  the new funct ion 
~v (u) = u ' ;  we obta in  then for  the unknown 

u k 2 x n  - -  t V~ 
ep '+Bq- ; -~_u~(P=2,  T ( t ) = ( ~  2un q) " ( 3 . 5 )  

Since x = 0 for  ~ = 1, the boundary  condi t ion is ob-  
ta ined f rom (3.4): 

Z ' 2~n - -  f \% 

(2.10)  ~,(T) = t - J - k ' ~ ,  k =  2 n n - - t  9 
2n--1  

T (x) = ~ ~ , V (~) = ) ~n- , .  (2.11) 

Thus the system of equations for functions of T is 
fully solved. 

It  follows f rom (2.8) and (2.11) that the solut ion 
which has been  obtained is c h a r a c t e r i z e d  by the fact  
that  the ex te rna l  magne t ic  f ield (i. e . ,  the magne t ic  
field on the external surface of the column) does not 

remain constant but decreases as the radius of the 

column increases. In fact, 

T (0 _ J xa where  a = 0 (~ = - -  (2n + t)/2n), 
hi (1, $) 

~y)  - -  [~o where  ~#:0 ( O : - - ( 2 n + 2 ) / ( 2 n + t ) ) .  

3. Solution of the s y s t e m  of equat ions (1. 13) for  
the spa t ia l  funct ions .  The f i r s t  case  is ~ = 0. F r o m  
the f i r s t  equat ion of sy s t em (1.13) with ~ = 0 and 
boundary  condi t ions  (1.14) we have 

y (~) = q~ - -  Z 2 (~), q~ = t -+- q .  (3.1) 

F r o m  the th i rd  equat ion of s y s t e m  (1.13),  employ-  
ing (3.1),  we obtain 

2nv• l [dZ~ ~ 2nvu 1 (dZ~ ~ ( 3 . 2 )  
X (~) -- -~ y-~)) \ - ~  / = ~ q~_  Z2 k - ~  ] . 

The solut ion of equat ion (3.5) has the fo rm 

s [ 2 ~  du B V,] ~o = (q~ - -  u2)Y q-  -y k 2xn - -  t + 

Since ~ = du/dx, from (3.6) and the condition u (0) = 

= 1 we find that 

t .  f2qBl2~ du } k 2 n n - - I  ~'/'~ 
x =  --2 tn~--K ?(ql--uD'/,-- + t ( K = (  ~ 2xn q] } ' (3"7)  

Hence we obtain the r equ i r ed  solut ion of equat ion 
(3.3) sa t i s fy ing  condi t ions  (3.4): 

f2q B/2 ~ do) -@ :i }V2. 
[ = t - g -  il [ql ~ ~,q,l~ 

(3.8) 

The ra t io  k / u  which en t e r s  in the exp res s ion  (3.7) 
for  K in fact  r e p r e s e n t s  the magne t ic  Reynolds n u m -  
b e r ,  s ince  

k 4g~0aoa" (4) ft=o 
"7- ~ c2 - =  R.~ . (3.9) 

Let t ing Z 0 r e p r e s e n t  the value of Z for  ~ = 0, we 
have f rom (3.8),  taking (3.7) into account ,  

We set  this  e x p r e s s i o n  in the second equat ion of 
s y s t e m  (1.13); us ing  (2.9) we obtain 

B Z__Z_ 1 , 
Z~(' + q, - z~ (Z()~ - -  T Z~ = 0, 

B (2n - -  1) ~\  = 2 +  " ~ = 2 - )  �9 (3.3)  

i do i k 2• - -  i \  'f~ ( ) q (3.10) 
Zo (ql t0e)B/2--~ - 2 - , v  2• 9 

which gives the quant i ty  Z c as a funct ion of the m a g -  
net ic  Reynolds n u m b e r  R m.  Employing  th i s  r e l a t i on ,  
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we  m a y  w r i t e  t he  e x p r e s s i o n  f o r  Z (~) in t he  f o r m  We i n t r o d u c e  the  new unknown  f u n c t i o n s  

1 

T h u s  in  t h e  c a s e  w h e n  a = 0 the  s y s t e m  of  e q u a t i o n s  

f o r  t h e  s p a t i a l  f u n c t i o n  m a y  a l s o  be  i n t e g r a t e d  c o m -  

p l e t e l y  [ the s o l u t i o n  f o r  Y(~) i s  g i v e n  by f o r m u l a  (3 .1 ) ,  

f o r  X(~)  by  f o r m u l a  (3.2)  and  t h e  s o l u t i o n  f o r  02 (~) i s  

o b t a i n e d  f r o m  the  f o u r t h  e q u a t i o n  of s y s t e m  (1 .13)] .  

T h e  s e c o n d  c a s e  is  c~ r 0. In t h e  s y s t e m  of  e q u a -  

t i o n s  (1.13)  t he  c o n s t a n t s  a ,  fi a n d  p ,  in a c c o r d a n c e  

wi th  (2 .6)  and  (2 .7 ) ,  a r e  u n a m b i g u o u s l y  d e t e r m i n e d  

b y  s p e c i f y i n g  the  d i m e n s i o n l e s s  i n i t i a l  v e l o c i t y  k = 

= X' (0). The  s y s t e m  (1.13)  c a n n o t  be  i n t e g r a t e d  a n a -  
l y t i c a l l y  and  so we  r e d u c e  i t  to  a f o r m  s u i t a b l e  f o r  

n u m e r i c a l  s o l u t i o n  on an  e l e c t r o n i c  c o m p u t e r .  

a2 

2 J r 

To do this we express the functions 02 (~) and 
X(~) from the two last equations of system (I. 13) in 
terms of Y(~) and Z (4); we have 

x ( ~ )  2n,,~ i ( ~ Z ~  ~ 
t~ v(~) \ d ~  ' 

- -  ( d Z  ~ -~ /~  ( 3 . 1 2 )  q) (~) = [ 2 ~ ] - ~ J "  Yr+~/" (~) \ d~ j . 

Se t t i ng  t h e s e  e x p r e s s i o n s  in the  f i r s t  two  e q u a t i o n s  

of  s y s t e m  (1 .13) ,  we  o b t a i n  a s y s t e m  of  two e q u a t i o n s  

f o r  the  f u n c t i o n s  Y(~) and Z(g):  

d • ' [ y  @ Z2 ] (2n + t)[2nvx) -~/n . ~+l/nev~+l/n Z ' ~2In 
= 4n2(x+2•  2~  ~ ( ~ )  " (3 .13)  

We c a r r y  out  t he  c h a n g e  of  i n d e p e n d e n t  v a r i a b l e  

x = ~ 2 and  r e d u c e  t h e  e q u a t i o n s  (3.13) to t h e  f o r m  

d Y d 
dz g,/ - -  AZ ,  ~ [y  + Z 2] __ Dx-~/"y~+~/" (Zx,)=2/~ 

A - -  2n• 
u-f- 2n• l ' 

D = k 2 ( 2 n +  - ( ~ §  /r l ln(~4+2~n--  t )  ( - - ~ - ) . -  1 ) 1 / * ' 2 "  .(3.14) 

r  Y(~) - z /  ' m(x)  = Z / .  (3 .  i 5 )  

We o b t a i n  t h e  s y s t e m  of  e q u a t i o n s  

d~ dZ _ % 
dx -- AZ,  ~dx -- 

~ - ~(_})~/~ ~ (2+ A 1 (3.16) dx @ n - ~ ) I n  _ _  Z -~- 

f o r  the  unknown  f u n c t i o n s  ~ (x), Z (x), 99 (x) f r o m  

e q u a t i o n s  (3 .14) .  

On the  b a s i s  of  (1 .14)  and (3.4)  we h a v e  the  f o l l o w -  

ing  b o u n d a r y  c o n d i t i o n s :  

z (as)I~=~ = t ,  qo (x)I~=~ - K 
2 ' 

- K - ~ - q )  ] (3.17) 

for the required functions. 
Thus finding the spatial function Z (4), Y (4), 02 (~) 

and X(~) inthe case when c~ ~ 0 is reduced to inte- 
grating system (3.15) together with conditions (3.17). 

Some numerical computations were performed and the energetic 
characteristics of the interaction process were calculated, i . e . ,  the 
amount of work performed when the column expands against the 
electric body forces, Joule losses ipside the conducting gas, variation 
of internal and kinetic energy. By way of example, the figure gives 
some values of the coefficient ~ as a function of the magnetic Rey- 
nolds number (circles correspond to the value k = 1.0, triangles to 
k = 0.5). The coefficient ~ is specified as the ratio of the useful work 
done in the time from t = 0 to t = ~ to the initial energy of the 
column, i,e., 

A~--Q 
~l-- Wo + U o 

where A~o and Q~o are the work done against the electric body forces, 
aM the magnitude of the Joule losses over the specified time inter- 
val, while W0, U0 are respectively the kinetic and internal energies 
at the initial moment of time. 

The expressions for the magnitudes of the energies A~, Q~, W 
and U are not given here, since they may easily be obtained from the 
meaning of these quantities. 

The functions obtained for other values of the parameters x, n, q, 
k in both eases (~ = 0, a e 0) are similar to those given above, 
except that for small q the allowable interval of vBxiation of Rm (for 
which 0 -~ Z 0 -< 1) lies in the region of large values, and so the 
values of ~ are positive everywhere in this interval. 

It is clear from the curves given that for some values of R m the 
difference A~o - Q~ becomes negative, although the work A~o per- 
formed against the electric body forces is here positive. A similar 
phenomenon was obtained in [2] for the ease when there is no magnetic 
field inside the column at the initial moment of time, and the mag- 
netic field strength at the boundary of the column is not equal to zero. 

The data given show that a similar phenomenon may also occur 
in the case where there is a continuous initial magnetic field distri- 
bution inside and on the boundary of the column (in this case the 
initial distribution of the magnetic field is determined by the function 
z (g)). 

It must be stressed that in this paper, just as in [2], all the energy 
quantities refer to a time interval beginning from some "initial" 
moment, and we do not consider the way that this initial state comes 
about nor its energy characteristics. 
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