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. 

NEUTRAL (ZERO) POINTS OF THE MAGIIETIC FIELDS 

Geomagnetitm i Aeronomiya 

I t d a t e l ' s t v o  ltNAUKA1t , 1966 Tom 6 9  NO. 3 9  508-511, 
by Yu. D. Zhugdzhda 

S U M M A R Y  

The geometry of a magnetic f i e l d  is i n v e s t i g a t e d  i n  t h e  immediate 
v i c i n i t y  of the n e u t r a l  points.  
p o i n t s  of a f r e e  f i e l d  is descr ibed i n  d e t a i l .  

mediate v i c i n i t y  are reduced t o  the  n e u t r a l  p o i n t s  of a f r e e  f i e l d  w i t h  a 
p r e c i s i o n  t o  the  terms of higher  orders. The s imples t  n e u t r a l  points of 
a s ta t ic  f i e l d  'me considered. 

The complete c l a s s i f i c a t i o n  of n e u t r a l  

It i s  shown t h a t  t he  n e u t r a l  p o i n t s  of a force- f ree  f i e l d  in t h e  im- 

* 
& * 

A t  p re sen t  t he  most probable source of energy of a Solar f l a r e  is 
es t ima ted  t o  be t h a t  of t h e  magnetic f i e l d  of sunapots. 
per imenta l  [l, 23 and t h e o r e t i c a l  works c3 - 51 re late  t h e  s o l a r  f lare  
e v e n t s  with processes  t a k i n g  place a t  n e u t r a l  p o i n t s  of a magnetic f i e l d ,  

t h a t  is, i n  those  p o i n t s  where t h e  magnetic f i e l d  becomes t e r o .  I n  connection 

wi th  t h i s  i t  is of i n t e r e s t  t o  r e s o r t  t o  t he  c l a s s i f i c a t i o n  of all t h e  poe- 
s ib l e  types  of n e u t r a l  po in t s ,  l i n e s  and s u r f a c e s  and t o  the  geometry of 
t h e  f i e l d  b t h e i r  v i c i n i t y .  
t i o n  and d i s t r i b u t e d  c u r r e n t s  may e x i s t ,  considered in t he  work were no t  

only t h e  n e u t r a l  p o i n t s  of a free f i e l d  ( f i e l d  i n  vacuum), bu t  also those  
of a fo rce - f r ee  f i e l d  and of a f i e l d  i n  a state of h y d r o s t a t i c  equi l ibr ium 
with t h e  medium ( s t a t i c  f i e l d ) .  As far as we know a sys temat ic  i n v e s t i g a -  
t i o n  of t hese  p r o b l e m  is not  available in l i terature ,  though some of t h e  

p a r t i c u l a r  ques t ions  have been considered C3, 6971. 

A series of ex- 

Because the  Sun's atmosphsrehar a h i g h  conduo- 
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METHOD OF INVESTIGATION. Within a s u f f i c i e n t l y  c l o s e  neighborhood 
of a n e u t r a l  po in t  the  magnetic f i e l d  may be regresented  i n  t he  form of 
a s e r i e s  by powers of coordinates.  The f i r s t  terms of the  s e r i e s  t h a t  
a r e  n o t  zero  desc r ibe  a f i e l d  c h a r a c t e r i s t i c  f o r a g i v e n  type  of n e u t r a l  
p o i n t ,  whose geometry remains i n v a r i a b l e  wi th in  a wide range of pa rane te r  
v a r i a t i o n s  of f i e l d  sources. If i n  t h e  c l o s e  v i c i n i t y  of a n e u t r a l  po in t  

the  f i e l d  depends l i n e a r l y  on coord ina tes ,  t h a t  is, if t h e  first l i n e a r  
terms of t he  expansion i n  s e r i e s  are no t  aero ,  we s h a l l  desc r ibe  i t  as a 

first o r d e r  po in t .  I n  the  v i c i n i t y  of a seconr2 order  p o i n t  the f i e l d  is 

a l r e a d y  a quadra t i c  func t ion  of coord ina tes ,  e tc .  Therefore  the  problem 
of f i n d i n g  p o i n t s  of a l l  t yyes  anour- ts to  the  problem of searching  for t h e  
s o l u t i o n  o f  f i e l d  equat ions  i n  t h e  form of s e r i e s  bjr r i s i n g  coordinate  

powers. 
The method appl ied  allowed t o  a s c e r t a i n  the  cha rac t e r  of f i e l d  beha- 

v i o r  i n  t h e  neighborhood or" the  n e u t r a l  p o i n t , < i g r e s s i n g  from the gene ra l  
conp lexpa t t e rn  of an  a r b i t r a r y  mngnetic f i e l d ,  and t o  e s t a b l i s h  a l l  t he  
basic types  o f  n e u t r a l  points .  

FREE FIELD. The f r e e  f i e l d i s  descr ibed by t he  ecua t ions  

(1) rot H = 0, div H = 0 

and a sczlar p o t e n t i a l  may be int roduced f o r  i t  i r ,  such a wag that 
H = grad Q. 

The sca1e.r p o t e n t i a l  must s a t i s f y  t h e  L q l l c e  equation 

A9 = 0. (2) 

I n  the  neighborhood of the n e u t r a l  po in t  the  s c a l a r  p o t e n t i a l ,  5s  wel l  
a 

as t he  mcgnetic f i e l d  i n t e n s i t y ,  may be expanded in s e r i e s  by i nc reas ing  
coord ina te  powers. 
is expressed by s p h e r i c a l  func t ions  and  i n  s h e r i c a l  coord ina tes ,  havin; the  

form 

I n  the most gene ra l  case  such a s e r i e s ,  s a t i s f y i n 7  %.(2), 

n 1 (3) 
*I 

9 = 2 rn[ a n P n  (cos 0) + 2 ( Fnm mcp + ynm sin mcp) PT (cos e) 
n-2 -1 

where an, finm and Ynm a r e  a r b i t r a r y  constants .  I n  tl-is s o l u t i o n  t o  each 

s p h e r i c a l  func t ion  correkponds a s p e c i f i c  type of n e u t r a l  po in t ,  d i s t i n c t  
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from o t h e r  types.  
of t he  these  types  of n e u t r a l  p o i n t s  does n o t  depend on the  a r b i t r a r y  con- 
s t a n t s  e n t e r i n g  i n t o  the genera l  equat ion.  The f ree  mz;;netic f i e l d  near 
t he  a r b i t r a r y  n e u t r a l  po in t  nay be r ep resen ted  as t he  sum of the  f i e l d  cor- 
res ;pondhF t o  these  s i n n l e  t y p e s  of n e u t r a l  p o i z t s .  

Evident ly ,  t h e  f i e l d  geometry i n  the  v i c i n i t y  of each 

The scalar p o t e n t i a l  of t h e  f i e l d  i n  t h e  neirhborhood of ncutrc.1 p o i n t s  

of t h e  o rde r  p i s  expressed by means of s p h e r i c a l  f u n c t i o n s  with n = p + 1. 

In  o rde r  t h a t  t h e r e  e x i s t  a n e u t r a l  plane ( l e t  u s  asr;:i’r.e 

i t  t o  be co inc id ing  wi th  the  plane 8 = goo), i t  i s  necessary t t a t  the  poten- 
t i a l  (3)  and i t s  2 e r i v a t i v e s  with r e s p e c t  to  coord ina te s  convert  t o  zero 
on it .  It i s  co t  d i f f i c u l t  t o  see that tkeae  cond i t ions  a r e  satsi f led only  
a t  unca*:ditiDlial eq i ia l i ty  t o  zero of tile n a p e t i c  f ie lc i  nbout t he  e n t i r e  
s?ace. Therefore ,  a 3 e u t r a l  ?lane, and consequently,  i: n e u t r a l  s u r f a c e  can- 
n o t  exis t  i n  a f r e e  f i e l d .  The obvious c o r r o l a r y  of t3at  i s  t h e  i nFoss ib i -  
l i t y  of  ex i s t ence  o f  bounded c o n f i p w a t i o n  0: e f r e e  f i e l d .  

- 
Neutra l  Plane,  

2 

Fig. 1 a Fig. 1 

Heut ra l  Line. The scalar p o t e n t i a l  i n  t h e  v i c i n i t y  of  a p o i n t  l y i n g  
on a n e u t r a l  l i n e  co inc id ing  with the  axis 2, is  d e s c r i b e d  by s e c t o r i a l  
s p h e r i c a l  f w c t i o n s  of t h e  form 

C l a s s i f y i n g  these  n e u t r a l  po in t s ,  we c l a s s i f y  i r r  f a c t  t h e  n e u t r a l  
l i n e s  t o  which these  p o i n t s  belong. There i s  one t;:?e o f  x u t r a l  l i n e  o f  
each order .  Each type  e n t e r s  twice i n  the General solu’iia-, and on17 t:.e 

f i e l d  p a t t e r n s  f i n d  themselves r o t a t e d  by the  angle  ( ~ = n / 2 ~  arouzd t h e  
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axis E. A n e u t r a l  l i n e  of t h i r d  o r z e r  corresponding t o  n = 4  is drawn 
i n  F i g , l a .  The n e u t r a l  o ine  co inc ides  wi th  the axis e. The magnetic 
l i n e s  of f o r c e  l a y  i n  p lanes  p a r a l l e l  t o  t he  plane xy. 
t h e r e  are fou r  asymptotes on which l i e  t h e  l i n e s  of fo rce  pass ing  through 
t h e  n e u t r a l  l i n e .  The p a t t e r n  of the  l i n e s  of f o r c e  i n  t h e  neighborhood of 
t h e  n e u t r a l  l i n e  of t3e o rde r  p - n  - 1 6 i f f e r s  from t h e  above-considered 
only  by the numbcr of asymptotes, which is equal  t o  
always symmetric r e l a t i v e  t o  the axis 

- 
I n  each such plane - 

2. The asymptotes are 

2. 
INTERSECTIONS OF NEUTRAL LINES 

The cubic  s p h e r i c a l  func t ions  of the  form 

P P," (cos e) :Z mcp (51 
with  m #  n 
neighborhood of the n e u t r a l  po in t  l y i n g  a t  the  i n t e r s e c t i o n  of n e u t r a l  
l i n e s .  n u n i t  sphere wi th  i ts  cen te r  a t  the  considered n e u t r a l  po in t  is 

give t h e  expression for t3.e mamet i c  f i e l d  p o t e n t i a l  i n  t h e  

shown i n  Fig. 2. Thc meridians a n d  t h e  
p a r a l l e l s  on the  sphere are the i n t e r s e c -  
t i o n  l i n e s  with the  s u r f a c e s  on which the  
p o t e n t i a l  Q = 0. The p a r a l l e l s  c o n s t i t u t e  
t h e  i n t e r s e c t i o n s  of the sghere with infi- 
n i t e  cones, 01 which the summits a r e  at the  
n e u t r a l  point.  The family of these cones 
is descr ibed by the equat ion 

P:(COS e) = 0. (61 

The f m i l y  cons i s t6  of ( n  - a) cones 
and a t  the  same t i m e  (n - m) is an odd num- 
ber a n d  t h e  e q u a t o r i a l  plane i s  p a r t  of the  
family. The cones are disposed symmetrically r e l a t i v e  t o  the e q u a t o r i a l  
plane,  Moreover, t h e  equation has a r o o t  0 = 0 of m u l t i p l i c i t y  - m. The 

mer id ians  a r e  t he  i n t e r s e c t i o n s  wi th  the  planes pass ing  through t h e  axis - Z .  

The family of the p lanes  is descr ibed by the equat ion 

sinmcp = 0. (7) 

It c s n s i s t s  of p lanes  symmetrically disposed r e l a t i v e  t o  the a x i s  2. 
The magnetic l i n e s  of force  are perpendicular  t o  the above-considered 

e q u i p o t e n t i a l  surfaces .  Consequently, t h e  i n t e r s e c t i o n  l i n e s  of t h e  p lanes  



. 

w i t t .  the  cones are n e u t r a l  l i n e s ,  The axis 2 is a l s o  a n e u t r a l  l i n e  
when m >/ 2, Therefore ,  t he  n e u t r a l  l i n e  of the o rde r  ( p a n -  1 )  cons- 
t i t u t e s  the  i n t e r s e c t i o n  of 2m (n- m) + 1 n e u t r a l  l i n e s  a t  m >/ 2, and 
by one l e s s  when m = 1. 

Ascer ta in ing  the  type of n e u t r a l  l i n e s  i n t e r s e c t i n g  a t  t h e  cons i i e red  
p o i n t s  i s  of i n t e r e s t ,  
magnetic f i e l d  is d i s t o r t e d  in the neighborhood of everyone of them on 
account of  t he  proximity of o the r  n e u t r a l  l i n e s .  As ode draws f a r t h e r  
away from the po in t  of i n t e r s e c t i o n ,  the "d i s to r t ions"  of the  f i e 1 6  p a t t e r n  
decrease t o  the  ex ten t  t h a t  t he  determinat ion of t h e  type of each of t he  
n e u t r a l  l i n e s  becomes poss ib le ,  

Near the  i n t e r s e c t i o n  of neutrR1 l i n e s  t h e  

It i s  found t h a t ,  except  f o r  t he  n e u t r a l  l i n e  co inc id ing  wi th  t h e  

axis 4, 
coinc id ing  w i t h  t h e  a x i s  5, 

a l l  the  o t h e r  n e u t r a l  l i n e s  are of f i r s t  order.  As t o  t he  one 
i t  has  the  order  (m - 1 ) .  

I n  order  t o  make out  the  geonatry of t k c  naTnetic f i e l d  i n  t he  neiGh- 
borhood of the i n t e r s e c t i o n  point ,  we s k a l l  cocs ider  one of the s o l i d  
ancles by w'nich a l l  the space with s u r f z c e s  wi th  9 = 0 i3 divi2ed. I n  
t h i s  solid anp;le a l l  the l i n e s  of force  a p r o a c h  the  asymytote a t  i n f i c i t y ,  
t h e  pos i t i on  of which b e i n r  deterained by the  conc i t ion  of a t t a i n i n ;  t h e  
func t ion ' s  P r ( C O S 8 )  extremum afia sa t i s fy in :  the  condi t ion  sin mC z= 1. The 
p lanes  
c o n s t i t u t i n g  n e u t r a l  l i n e s ,  d iv ide  the  e n t i r e  pyrar.ud i n t o  s e v e r a l  p a r t s  
(by the  nunber of s i d e s ) .  The l ines  of i n t e r s e c t i o n  of t hese  p lanes  w i t >  
t he  u n i t  sphere for one of the s o l i d  ang le s  are shown i n  Fig, 2. A l l  t he  
l i n e s  of fo rce  belonging t o  one such p a r t  of t he  s o l i d  angle  pass  i n t o  the  
neigh*roring s o l i d  angle  as one draws nea re r  t he  mrncit, i n t e r s e c t i n g  the  
g e n e r a l  f ace  at a r i g h t  angle. I n  the  neighborinF so l i . ?  angle  they also 
fill only t h a t  p a r t  of it, which is bounded by planes drawn through t h e  
edge8 of t h i s  s o l i d  angle  and its asymptote. 
v a r i a n t s  i n  t h e  a l t e r n a t i o n  of l i n e  of f o r c e  d i r e c t i o n s  i n  s 3 l i d  a n r l e s  
is &own i n  Fig, 2, where the  c ros ses  i n d i c a t e  t h a t  wit!lin the boands of 

drawn tnrough t h a t  as:rmptote an6 each of the  s o l i d  2ngle ' s  r i b s  

One of t h e  two poss ik l e  
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t h i s  s o l i d  angle  the  l i n e s  of force  a r e  d i r e c t e d  i n s i d e  t h e  u n i t  sphere,  
while  t he  d o t s  i n d i c a t e  the  opposi te  d i r e c t i o n .  
takes p lace  when the  d i r e c t i o n s  of t he  l i n e s  of f o r c e  are oppos i te  t o  those 

ind ica t ed  i r r  Fig.  2 ,  

A second p o s s i b l e  v a r i a n t  

The exac t  mutual d i spos i t i on  of a l l  t he  descr ibed  geometric o b j e c t s  
f o r  ally n e u t r a l  po in t  mong  the  descr ibed c l a s s  i s  easy t o  f i n d  with t h e  
h e l p  of t h e  t a b l e s  of va lues  of Legendre polynonials .  Two n e u t r a l  p o i n t s  
of each of the descr ibed types  e n t e r  i n t o  t h e  gene ra l  s o l u t i o n  w i t h  f i e l d  
p a t t e r n s  turned r e l a t i v e  t o  one another  by the  an,-le fp=n/2rn around t h e  

axis e.. 
- I s o l a t e d  -__- Neutra l  --- - - Points.  The zonal  s p h e r i c a l  func t ions  rnPn(cos e), des- 

c r i b i n y  the f i e l d  i n  t he  v i c i n i t y  of the i s o l a t e d  n e u t r a l  p o i n t ,  e n t e r  
i n t o  tke p n e r a l  s o l u t i o n  of tke Laplace equat ion f o r  the  p o t e n t i a l .  Only 
one type  of such a n e u t r a l  po in t  of thc  civen o rde r  e x i s t s .  The magnetic 
l i n e s  of fo rce  i n  the  neichborhood of such p o i n t s  form a family of p a t t e r n s  
of r evo lu t ion  around the  a x i s  

The s t r u c t u r e  of the f i e l d  i n  the  plane pass ing  through the  a x i s  t .  
z. 

- 
is p l o t t e d  i n  F i r .  I d  
order ,  The number of asymptotes i s  always by one u n i t  g r e a t e r  than t h e  
o r d e r  of the  poin t ,  The asymptote pos i t i on  i s  deternined by the  extrema 
of  t he  corresponding sphe r i ca l  harmonic. 

f o r  t he  case  of an i s o l a t e d  n e u t r a l  po in t  of t h i r d  

FORCE-FSSZ - IQGN3:TIC F I X D .  

A force- f ree  ma-netic f i e l d  s a + i s f i c s  t he  equet ions 

[H rot HI = 0, divH = 0. (8) 

I f  we trcnsform the f i r s t  equat ion a f t e r  t ak ing  the  divergence from 
t h e  le f t -hand  p w t ,  we s h a l l  ob ta in  

Hrotj = 4n/c(j)2. (9) 

The c o r o l l z r y  of t h i s  equf t ion  it: i n  a n e u t r a l  po in t  of a force-  

f r e e  f i e l d  the  c u r r e n t  j = ( c / 4 n )  rotH is zero. The first equat ion  of a 
force-free f i e l d  may be wr i t t en  i n  a d i f f e r e n t  form 

rot H = uH, ( 10) 

where QL is  an a r b i t r a r y  s c a l a r  func t ion  of coordinates .  Since t h e r e  is 
no c u r r e n t  a i  tBs n e r ? t r a l  point ,  dt is f i n i t e  a t  t h a t  point and, consequently 



may be expanded i n  series by coord ina tes  

When t h e  considered poin t  is t he  n e u t r a l  po in t  of n - t h o r e e r ,  t h e  

f i e l d  expansion i n  s e r i e s  by coord ine tes  must be-in from t he  terms of 
n-tC order.  A t  the same time the expansinn i n  s e r i e s  f o r  5 nay becin 
f r o E  the terms of a r b i t r n r y  order 2, and t h i s  would inc lude  m = 0 ,  i. e. 

ao# 0. 

(lo), i t  is  found t h a t  t h e  terms of the  o rde r  n + m and higher  w i l l  be 
i n  the right-hand p a r t ,  while the t e r m s  of t h e  o rde r  n -1 and higher  
w i l l  be ' i n  t he  le f t -hand  par t .  Consequently, i n  t h e  neighborhood of the  
considered n e u t r a l  po in t  rot  is zero  wi th  a p rec i s ion  t o  terms of the 

(n  + m)-th order ,  t h a t  is, t h e  d i s t i n c t i o n  between a force-free f i e l d  and 
a t ree  f i e l d  is manifest  only in the  terms of t h e ( n  + m b t h  o rde r  and 
higher. Thus i n  a force- f ree  f i e l d ,  i n  a s u f f i c i e n t l y  s n a l l  neighborhood 
the  n e u t r a l  p o i n t s  cannot be d i f f e r e n t i a t e d  by the  f i e l d  geometry from 
the  n e u t r s l  p o i n t s  of a f r e e  f i e l d ,  provided i n  t he  f i e l d  e q z n s i o n  o ~ l y  
the  first s e r i e s  terms which a r e  not  zero Ere tdzen i n t o  account. Conse- 
quent ly ,  t3e whole c l a s s i f i c a t i o n  of n e u t r a l  poinzs  of  a free field is zuto- 
m a t i c a l l y  t r a n s f e r r e d  t o  the force-free f i e ld .  

Xhen s u b s t i t u t i n g  these  s e r i e s  i n t o  the f ree- force  f i e l d  equat ion 

STATIC FIELD. 

A f i e l d  i n  a s t a t i c  equi l ibr ium w i t h  a c o n d u c t i q  medium s a t i s f i e s  t h e  

equa t ions  

[H rot HI 'E -4nVp, divH = 0. (12) 

I n  order  f o r  the equat ion t o  be sa t i s f ied  a t  t h e  n e u t r a l  point i t s e l f ,  
it is necessary t h a t  the  pressure gradien t  convert  t o  zero and, consequently,  
the  expansion of pressure  i n  s e r i e s  by coord ina tes  must have t h e  fo l lowing  
form t 

p =:pa + p i s  + P Z X Y  + pay2 + pry2 + ~ 5 9  + PSZX + - - - (13) 

The expansion i n  s e r i e s  f o r  the f i e l d  coaponents may be w r i t t e n  i n  the  
t e n s o r  form 



The problem of search  f o r  t h e  f i e l d  s t r u c t u r e  near  the  n e u t r a l  p o i n t s  
w,ount t o  seeking t h e  t e n s o r s  aihj  ... 1, s a t i s f y i n g  the  equat ion.  I n  i t s  

gene ra l  form t h e  problem is not  resolved becauae of equat ion ' s  nonlinea- 
r i t y .  Let u s  cons ider  t he  n e u t r a l  p o i n t s  of first order .  

The I s o l a t e d  Neut ra l  Point.- The f i e l d  equat ions  (12) f o r  the case of 
desc r ib ing  n e u t r a l  a o i n t  of first order is sa t i s f i ed  i f  t h e  t enso r  aij 

the  f i e l d ' s  l i n e a r  p a r t  i s  antisymmetric o r  symmetric. The an t i symnet r ic  
t e n s o r  corresponds i n  r e a l i t y  t o  the  n e u t r a l  p o i n t  l y i n g  on t h e  n e u t r a l  
l i n e ,  t h a t  is, such a t enso r  always has  one i n t r i n s i c  value equal  t o  ze ro ,  
The second s o l u t i o n  corresponCs t o  t h e  case when the quadra t i c  terms i n  
t3e  p re s su re  expansion (13) a r e  uncondi t iona l ly  zero and the  linear p a r t  
of  t h e  f i e l d  is  a free f i e l d ,  and the  fo rce  c h a r a c t e r  of t h e  f i e l d  must be 
mani fes t  on ly  i n  subsequent terms of t h e  series. Consequently, i n  a s t a t i c  
f i e l d  there may e x i s t s  i s o l a t e d  n e u t r a l  p o i n t s  on ly  on condi t ion  t h a t  t h i s  

f i e l d  i s  f r e e  w i t h  a p rec i s ion  to  the  t e r n s  of subsequent orders.  

The Neu t ra l  Line. The magnetic f i e l d  i n  the  v i c i n i t y  of a po in t  l y i n g  
on t h e  n e u t r a l  l i n e  of first order  may, by coordinate  r o t a t i o n ,  always be 
brought t o  the  form 

1Xs = a ~ ,  11, = ~21s. (45) 

The f i e l d  is i n  equi l ibr ium with t h e  medium i n  the  cas& vhen the 

p res su re  is p = PO + pia+ + p3p2, wkere pi  = -(1/8n)azi(azi - aiz) an6 p3 = 
. = -(1/8n)aiz(a1a-azi). The l i n e  of fo rce  equat ion hzs the  form 

ai& - a d  1 C. (16) 

There e x i s t  two types of n e u t r a l  l i n e s .  If a12 and aZ1 a r e  of saae  

s i g n ,  the  l i n e s  of fo rce  c o n s t i t u t e  hyperbolae l y i n g  i n  p lanes  parpendicular  
t o  the  n e u t r a l  l i n e ,  and t h e  n e u t r a l  po in t  c o n s t i t u t e s  a p e c u l i a r  po in t  of 
saddle type (Fig.3a);  Contrary t o  f r e e  f i e l d ,  the l i n e s ,  on which l a y  the  

l i n e s  of force ,  pass ing  through t h e  n e u t r a l  po in t  
k t  drawing nea re r  the  n e u t r a l  point  f r o n  the s i d e  of tile sharp angle  between 
these l i n e s  the pressure  rises, and at drawing nearer  from the  s ide  of t he  
b l u n t  angle  - i t  drops. 

and aZ1 have a d i f f e r e n t  s i g n ,  the l i n e s  of  force  c o n s t i t u t e  
e l l i p s e s  w i c n  ssijiisxs~ !C ;Z ! - ' ' ~  And ((h.4 !-'ID (Fig. 3 
no matter which s i d e  the  rapprochement w i t h  n e u t r a l  l i n e  t a k e s  p lace  from. 

may i n t e r s e c t  a t  any angle. 

If a12 
The pressure  i n c r e a s e s  
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The Neu t ra l  Surface.  - Contrary t o  t h e  force- f ree  and free f i e l d s  

t h e r e  may e x i s t s i n  a s ta t ic  magnetic f i e l d  a n e u t r a l  s u r f a c e  of first order .  
I n  the  v i c i n i t y  of a po in t  l y i n g  on such a su r face  t!ie field depends on 
t h e  coord ina te s  i n  the  followin,-  f a s h i o n :  

H ,  = a i s ,  H ,  = a&. (17) 

A t  t he  same time p = po + p5 zL and the  f i e l d  i s  i n  equ i l ib r ium 
wi th  t h e  medium so long  a6 ai3a+a232 = - 8 n p ~ .  

a family of  l i n e s  p a r a l l e l  t o  the n e u t r a l  plane.  un e i t h e r  s ide  from t h e  
n e u t r a l  plane ai3,au and p5 can be d i f f e r e n t .  

The l i n e s  of f o r c e  c o n s t i t u t e  

* * *  
The descr ibed c l a s s i f i c a t i o n  of t he  n e u t r a l  p o i n t s  of a f ree  f i e l d  

is complete, t h a t  i s ,  e i t h e r  any n e u t r a l  po in t  is  one of t h e  descr ibed 
n e u t r a l  po in t s ,  o r  t h e  f i e l d  near  t h a t  po in t  may be r ep resen ted  as the  sum 
of  t h e  f i e l d s  of simplest n e u t r a l  points .  

The n e u t r a l  p o i n t s  of a force- f ree  f i e l d  i n  a small neighborhood w i t h  

a p r e c i s i o n  t o  terms of h igher  order6  co inc ide  wi th  the corresponding n e u t r a l  
p o i n t s  of t h e  f r e e  f i e l d .  

of a f r e e  f i e l d  extends also t o  a forae- f ree  f i e l d .  
This  is why the  c l z s s i f i c a t i o n  of n e u t r a l  p o i n t s  

Because of n o n l i n e a r i t y  of s t a t i c  f i e 1 6  equat ions ,  on ly  the  n e u t r a l  
p o i n t s  of first o rde r  were considered. Contrzry t o  f ree  and force- f ree  
f i e l d s ,  a n e u t r a l  s u r f a c e  may e x i s t  i n  a s t a t i c  f i e l d .  Another p e c u l i a r i t y  
of t h e  l a t t e r  c o n s i s t s  in the  presence of two types  of n e u t r a l  l i n e s  of 
f i r s t  order .  

The author  expresses  h i s  g r a t i t u d e  t o  S. I. Syrovatsk iy  f o r  t h e  genera l  
guidance i n  the  work. 

Contract No.NAS-5- 9299 Trans l a t ed  by ANDRE L, RRICHANT 
Consul ten ts  & Designers,  Inc, 

Arl ington,  V i r g i n i a  on 3 August 1966 



i 4 

10. 

I 

[1].- A. B, SEVERNYY.- IZV. Krymsk, Astrof iz .  Obs. 31, 159, 1964. 

C Z ] . -  A. B. S3KE3?NYY.- Ib id .  30, 161, 1963. 
C33.- E. N, PARKER. Astrophys. J. suppl. 8 (771, 177, 1963. 

C53.- P. G. WENTZEL.- Astronom. J. 68, 4429, 1963 
[6]. - DZH. DANZHI, - Kosmicheskaya elektrodinamika (Space Elcc trodynamics) 

[7J.- A. I. MOROZOV, L.S  . SOL0V'YEV.- Voprosy t e o r i i  plaemy (Questions of 

1963- 

[4].- R, K, JAGGI.0  J* Geophyso Res., 68, 299, 1.963- 

P 

I L  (For. L i t ) ,  1961. 

Plasma Theory).- Atonizdat,  vyc. 2, 3, 

1 Z . M I R A  N Piamscript  rcceived on 
8 March 1965. 

G O D X R D  SPACE F.C. 

100 
110 
400 
601 
610 
611 
611 
612 

613 

614 
615 

640 

630 
252 
256 
62c 

CLX?I<, TO\WS3ND 
S*LROIID 
BOURDE AU 
FAVA 
MERZDITH 
McDONALD 
5 cc.  
HEPF'NER 
NESS 
+ 6 cc  
KUPPERIAN 
+ 3 cc 
WHITE 
BAUER 
GOLDBERG-HZXL'IN 
MA IER-STONE 

FEAD 
NORTHROP 
STERN 

HE SS ( 3 )  

G I  f o r  SS C31 
LIB. 

D I S T R I B U T I O N  

N A S A  HQS OTHER CENTERS 
\ 

AMES R C SS NEWELL, NAUGTJC 
SG MITCHELL, SEIlTfI 

SCHARMl 
DUBIN 

SL FELLOWS 
HIPSRER 
HOR ON ITZ 

GILL 
SM FOSTZR 

RR KURZI;JEG 
RT2 NEILL 
ATSS - T 
WX SWEZT 

SONETT 
LIBR.;RY 

LANGLEY R C 

185 VEATHER'I'JAX - U , IOWA 

VAN ALLEN 
U . BEPXZLEY 
WIL cox 
UCLA 

COLEMAN 

S WC AS 

JOHNSON 
J P  L 

128 Meghreblian 186-133 
Neugebauer 183-401 

251 Snyder 180 - 500 
Wyckoff VIS LAB 

/ / / - / J3  L ; 6 r u r ~ .  

160 ADANSON 

- 
- 
- 


