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I 

I l r72fJ~-~Cir ! : l )  ( : ~ : I u c = c u ~ G ~ .  81030111: 0 2  k h e  ~ c ? o m a ~ n o t o s 3 h o ~ : ~ ~  ( e .  G ,  
1 

$ 1  :$evicw by  ?!sss, LG69). F o r  ins$ance ,  Bo;qsnnon (1968) bgs 
II I 

I shown tuot t h e  n e u t r a l  s h u o t  o x t a n d s  w a l l  S o y o ~ d  the  o r h i %  of 
*I . .I * i::O T;ICIUT;, The a , i c t u r o  a? n pLcnc ccrroct  s b t e t  s e p c r a t l n g  

r e g i o n s  0': mz$:~ocic  fl~li, with o i ? p o s i t c  C i y e c t i o n s  hss bccems 
us~:guk fo:? (--e constructis3 o f  q u a c t i t a t i v e  m o d e l s  for t h e  

' a  

~ - ~ o s 9 s  4~zilplc1tor.pl:o~ic f iQlc1. ( 'SEC X ~ O V ~ B W  by R O O ~ C F G ~  (1969) . ) t.2- 

S > a i s a r  and N c s s  (3.967) concluded f rom I X P - 1  t i s t 2  t a k e n  a t  
, 

I 

n a d i a l  distctncos h o t w e e n  A 5  .and 32 R., t h z t   the?^ 5.6 an averagz 
0 

s o u t h - n s r t h  f i e l d  conponanJc  05 a s t r s n e t h  of 1-4 genxas s u p o r -  I 

i::.posc&.; this p o i n i s  towards some c o n ~ e c t i o n  of t h o  pul1eG- 1 
- o u t  gconi.gi~etic f io2 .d  line3 d!hrough t h e  neutral sheet. In , 

t h i s  $ c T c n o  t h e  field isi still approximately o n e - d i n o i l s i o n a l ,  * 
P 
d : in t h e r  ? k c  z - d e ~ e n d e n c e  dominates. 

, " I I . .  . . . ....,.+'-. - I .  s * . - +  . . . , 3 
Such one-dimensions1 f i e l d  descsiptions ere v a l i d  Lf o ~ a  is . 
i n t c r e . s d ~ e d  i n  t h e  av.crage , 

, largc?r rhasl sevaral mii luJ ies .  On ,smaller tine scalea one 

z ' j ~ ~ d s  a more  compl?'.ca.tec! s 
. r  L 

A. ' a~ ~ n e  " i n t e P n a L  s t r u c t u ? e  
I * f  " 

I 

Z v i d e n c e  f o r  . t h e  e x i s t e n c e  
9 

struo.c;ro v a s  provided by 

e t  al, (1970), who discussed t h e  occurrence 0 2  both positive 

2nd n e g a t i v e  v e l u c s  of B 
Z 

lii acu t r ' i i l  s h e s t  traversals 02 E x p l o r e p s  3 3  an8 3 5 .  In $ad- 
- I 

I F  ditio:: -to t h o  p i . c t u ~ e  02 geonagaetic field lines pulled out 
I 

i z 1 . t ~  t : l c  z a i l ,  t + a  f o r m i ' i i o  
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spacecra f t  h z b  

. i i a r e  wu osly s t a r c  %hat x h e  magnot ic  Piold v o c t o r  i~ r;c~suroc! 

412 2.56 sccozd i n t u ~ v a l s  with a precision' of .( 0.16 y a n d ' a n  . ' . 
accura.cy of 0.l.y; t h o  c q u i v a l c a t  R#S n o i s e  in t h c  0-5 Hz pcsn 

' 1  ' I 9 .  

I n  F e b n u a r y - l ~ k r c h  '1368. t h e  o r b i t  0 5  ~ x p l o r e r  3 4  was i n  2. po- 
. 

' ' s i t i o n  f a v o u r a ~ l e  Po;r.,tlhc qzesont  p u r p o s e .  N e u t r a l  sheei c ~ o s -  
1 

I 
i s i n i s  w o r e  a b s e r v c d  on orbits 6 1  t o  66  in % h e  r e g i o n  

27 2 - x ' 34 RE. 
, + *  ZJ sin , = 

1 
4 

1 3  t i m e  intervals h ~ v e  been s e l e c t e d ,  g i v i n z  a t o t a l  o f  1 6 5 5 1  
I 

samples o f  $he m a g n e t i c  E ieLd  v o c t o r  ( T a b l e  1 ) .  D u r i n g  these I 
, intervals t h e r e  was sn enhanccC  t e n d e n c y  f o r  F 2.1911 t o  assume - I 

I 
I 

I 1 I r e 1 a t i v e J . y  s m a l l ' v a l u o s .  F i g u r e  1 s h o w s  t h e  c o r r e s p o n d i n g  o r b i t  I 1 
* *  

1 .  

1 * 
s s c t i o n s .  , + I , I ' .  

I 1 * I  

' I  , . I 
' 4 4 I 

; I 4 I 
1 I T h e  a v e r a g e  z p o s i t i o n  o f  t h e  s a t e l l i t e  d u r i n g  each oi $ h ~  I 

SIR 1 ' 1 1 3 '  i n t e r v a l s  s t u d ' j . ~ d  2s i n c l u d e d  i n  T a b l e  $1. It is s e e n ,  i n  I 

, ' 

1. ' 
i-ha table .and Figure ' & t h a t  t h e  o b s c r v e d  n c u t r a l  shect  p o s i t i o n  ,' 

I I 

C , ' ndst  f r e q u e n t l y .  was within 1 RE o f  th 'o  s o l a r  magne ' zo sphe r i c  I .  
i 

I I 
8 I ep_ua$orial  p l a n e  ( .z  sm = 0). T h r e e  o f  t h e  i n t e r v a l s  s e l e c t c d  I .  

I I ? .  . ' o c c ~ r r e d  when" t h e  n k u t r a l  s h ' o e ~  position- yas  -5.3, '-4.6 and 
I I 
: l o  +3..6' R E  from ' i h d  e q u a t o r i a l  p l a n e .  s u c h  d e p a r t u r e s  zre n o t ,  

1 ' 

I ;  ' .' ~ unex i jec tc id  at this r a d i a l  distance from t ' h c  e a r t h ,  *3.2 RE, 

when account i s  t a k e n  o f  the t i l t i n g  o f  t h e - g s o n a g n e t i c  d i p o l e  

* I  

I. 

1, 
I I 

I 

1; 

I ~ t i l i z i n g  fo rmulke  s u c h  a s  given b y  R u s s e l l  a n d  Erody ,(1867). 
I 

L . T h e  ty .? ic . z l  b c h a v 5 . 0 ~ ~  o f  t h e  m a g n e t i c  '-field during t5er  n e u t r a l  
, 

s k o e t  t r a v e r s a l  is shown in F i g u s e  2 .  In P a r t  a ,  each data  
1, *, -, 2 o L a t  ~ f p ~ e s e n t s  t h e  .time sverap;e , o vbr  10.1:8 seconds 0 5  eigi...'; 

t 

F n d i v i C u s i  measurezBnts o b t a i n e d  a t  2 . 5 6 .  s e c o n d  i n t e r v 8 i g .  "Ixe 
6 

?lot of 2aCa + a i r .  F i g u r e  2a is typical o f  'chat  enp loyed  f o r  

e o l c c t i n g  t h e  i 20re  r e s t r i c t e d  i z t e r v p L s  o f  n e u t r a l  s l ieet  cros- 
I -a 

"1 j',, .L s i n g s  used .  La This  p a p e r .  is\;. L3~ :2  L : ~ t e ~ v z ;  s e i ' e c ~ ~ ' c Z  in " s  L Z ' F S  
I 

po~sicular d a t a  s e t ' i s  i n d i c a t e d  by the, h a t c h e d  m a r k i n g s ;  -- - -  .. 
I i i - . .. .. - -  + . . ' *  . . -  ...- a * .  - -  ---- . . 
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X:I P;tl;)t b C P G  prosonaboLl  t h o  d c t a i l u d  i~lo:s of d c f a  o l t a i n u k  
t 

c .?.st s ~ c o n d  i n : ' c p v a l ~  v k i c h  t y p i z y  +:.i.cl d a t a  s e r s  u t i l i z ~ d  :,p 
I t1:f.c ~ t : l i ~ L y ~ i ~ ,  XI:  i s  c l c w  vihy Ici.g11-rresolution d a t a  arc! n c c -  

f 

02 a v c r a a m ,  G U C ~  a s  employed i n  t h o  v e ~ y  e a r l y  c x p l o ~ a t o r y  

. s t \ ~ d i c i ! s  5.r: t h e  S;F!P-2 work, n n ~ c h  d o t a i l  i s  l a s t ,  
1 -  

I 

P z r t i c u l a r l y  n d t c w o y t k y  i n  t l ? c s c ' f i g u r e s  i s  - t h e  v e r y  r a p i d  , 

, changs  05 t h e  magnetic f i e l d  o b s e r v e d  a t  t h e  p o s i ? i o n  05 
I *  - 

I 

. . . .  . . ., t - 1 . 0 - 1 .  ." . .I, In . 
I 
I tha s a t e l l i t e .  k o  p o s s i b l q  e x p l a n a t i o n s  e x i s t .  Oxe 2s that * I 

1 t h o  s p a c c c r i f t  i s  s a m p l i n g  a . t i n e - s t a t i o n a r y  b u t  s p a t i i l l y  
4 I r i .  

varLa41e s t r u c t u r e  o f  t h e  n e u t r a l  sheet; t h c  o t h e r  "czet t h e  r i 

I I 
a 

f i x e d  s p a t i a l  s t r u c t u ~ e  o f  t h e  n e u t ~ a l  s h e e t  i s  m o v ~ a g  back - , 4 
r P  

I I azd  f o r t h  r e l a t i v c ~ t o  t h e  s a t e l l i t e  p o ~ i t i o n .  T h e r e  i s  n o  g 
d 

u n i q u e  way i n  wh ich  t h e s e  s i n g l e  s a t e J . l i t e  d a t a  c a n  bs s t u d i e d  4 

P 
E 

t o  d e t e r n i n e  which o f  t h e  t w o  p o s s i b i l i t i e s  d o m i n a t e s .  4 

1% i s  i n  this s p i r i t ,  t h a t  a s l a * t i s t i c a l  s t u d y  o f  d a t a  ob- . ' 
I & 

t a i n e d  i n  t h e  n e u t r a l  s h e e t  r e v e r s a l  r e g i o n  was c o n s i d e p a d  * 

e ~ p o ~ s b b ~ l e  way t o  dedicrmine ~ f h i c ' i l ,  i f  a n y ,  0 2  t h e  pos- I 

s i b l e  m o d e l s  f o r  t h e  n e b r a l  s h e e t  s t r u c t u r e  were m o r e , c o h -  , , 

. s $ s t e f i t  w i t h  t h e ,  o b s s r v e d  d a t a ,  T h e  idea  was t o  c,ompare , . 
t 

t h e  s t a t i s d c i c s  o f  2 t i m e - s t a t i o n a r y  s p a t L a l l y  v a r y i n g  t h e o -  
i 

~ . c t f c a l  . s t r u c t u r e  y P t h  t h e  o b s e r v c d . d a t a ,  sssuming t h a t  tho. 

c ~ s ~ h i i z l l y  ; p a t i i l l y  ' f i x e d  s a t e l l i t e  was t h e n  s a m p l i n g  . ( i n  
' ,  

time) t h e  s p a t i a l  s t r u c t u r e  o f  t h o  f i e l d  r e v e r s a l  r e g i o n .  

, . 

'!he nQmbe:? o f  s a m p l e  p o i n t s  u t i l i z c d  i n  each OF t h e  13 d s ' t a  
r I 

s u b s e t s  var ies .  c o i 2 s i d e r a b l y  ( ' see  Table 1) ' .  A c o n s i d & ~ a " i i o n  o f  'the 

s t r ; t e  of  t h e  r ~ a g r - e t o s p h e r e  i s  a l s o  r e l e v a n t  f o r  ? o s s i b l e ,  

non- ty2Fca :  c o n d i t i o n s .  The planetary m a g n e t i c  a c t i v i t y  . ,  i n d e x  

Kp f o r  FeSruax-y 2 2  was 3 -  3-k 3 3 2-  3 -  1 0 - k  w h i l e  F e b r u a r y  25, + 

was. o n e  o f  t h e  five q u i e t e s t  days i n  F e b r u a r y ,  !<p b e i n g  1 1-t I , 

Ot. 0-t. O i -  1 2 2+, On F e b r u a r y  27 , ,  ,on& o f ; t h e  f i v e  quie : t* .dsys . ,  , 
1 

- 
+ .  " 

it 'w$s 2+ T- .I 1- ,l 2: 4 -  3 .  T ~ U S  COP t h e  rnajsr 'pobtioa 0;- 

. t h e  d a t a -  s t i l d i c d  we car, r e a s o n , s 3 l y  e x 2 e c t  'chc s t a t a  a5 ??.*a' -? 

, * . -  
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Cr(i ..,L..,~.L 3 mrs % r e  .ospi:c?ro %o ba e y ~ i c c i l  of i .Zo q~ic:+L' e a g n a t o s p h e r c ,  w i t : .  :u*: 
s ig - t l ! +cnz t  d i ~ t o ~ t i o n  dua t o  solcr a c t i v i t y .  

W Q  hnvn grouped t b c  n s t c ~ i ; ~ l  in intervals ~ c c o r d i n g  Co t h e  
a l l -  

v a i u c  of D y Z+3 2 IuI, x v x . r icble t 2 g i v e s  t h a  intervals 
w -- 

end r h c  quantities of major intercut for %ha 2 r o s o n t  d i s c u s s i o n .  
I . I 

. 
A n  in ,ozl tant  aspect of  t h o  d a t a  i s  t h e  f a c t  that thorc is p 

8 

! 
. , 

+ :ulsiran";al n u n b e z  of c a s e s '  whezqe F is small:. F 2y  i n  

8 1 
.4s will b;:.?oma appal.ent i.n the following0soction, B is , 

I 2 ,  
I 

i 
+ , mdro i n t e r e s t i n g  for t h e  comparis 'on , w i t h  a k i r r t i n g  m o d e l s  I 

' than 8 and  t h i i s  we c o n c c n t r a ~ e  on the properties of B , , 

Y 
i 

Z , 

- 
The evcrege v a l u e  of 9 , D . x z 1  i s  r a C h e r  sma.Ll f o r , s ? n a l l  F . . 

4 

' a nd  t h e n  increases t o  % 2 y ,  t h e  o v e r a l l .  a v e r a g e .  b d n g  .. I 

. . 
1 . 6 8  y 3 f a i r  a g r e e m e n t  with earlier r e s u l t s  (Spriss" and . r 

~ e s s ,  1967)' f o r  e s s e n G i a l l y  , t h e  same r e e i o 6  of the t a i l .  1 1  

t 

P 
( 

A f e a t u r e  which i s  particularly important for t h e  prosest * 3 

?i 

' purpose is t h c . f a c t  -ghat there i s  a . s i g n i f i c a n t  f r a c t i o n  , r 
' . .  . of cases. (241%). with n e g i ? t l v c  v a l u e s  of  i3 . 1n'tha' f irs6 , 

Z *'I 
ia terv 'z j .  ( O < F < 1 . 2 5  y )  about h a l f  o i  t h e  field v e c t o r s  h r e  , j 

. p o i n t i n g  s o u t h w a q d .  The i n c l i n a t i o n  of t h e  f i e l d  L i n e s  w i t h  5 
I 

, moasured by 161, i s  f a i r l y  large ( 2 7 O )  t h e  x , y - p l a n e  

i n  s t h e  .firs'; i n t e r v a l ,  a n d  e v e n  i n c r e a s e s  w i t h  F r e a c h i n g  a .. i 
8 

maxim'um i n  'ihe 3.cd i n t e e r v a l  . 
I 4 ' 

I 

I t  i s  intsresting to' note that these meosuro rnen2s  are c a r :  

p i e d  o u t  a t  geocentric distances smaller than 35 RE, whera 
4 

' . k i i h a l o v  c t  a1.,(1960) found essentially . ( one  excep ; ion )  no 

' c a s e  05  n e e a t ' i s e  .B .+ may well be t h e  h i g h e r  t i m e  * 
Z P 

r e s o ' u t i o n  . ,  s e e i n g  that there it; sti1,l'considerable . 
b 

point to point variation at t h e  p ~ c s e a t  r e s o l u t i o n .  , 
I 

r i . a 

- ,  

t '. 
% 

. I  # 
I , 

- 5 -  . , 
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I 
i We ccx a?p2cack rhc p r a b l c a  o f  t h o  i n t c ~ n c l  etrucCz)o by I 

# 
t 

1 
I 

I 
d l s c ~ s ; ; i n g  what oqc would o x g c c t  in n s i a p l o  ono-d i imns ior ia l  

I 
I 

p i c t u p c  t;ho?c r:ho E i ~ l d  L i n e s  a m  p u l l i ' d - o u t  d i g o l o  l+acs*. + 1 

1 ! 

T h i s  modal s c o i ~ s  t o  b c  c o n s i s ~ o n ~  with obsorvetio~s on su5- 
I 11 1 

t 

I v rccicntly large sgccc azd t i n e  s c a l o s  (FairPiold an2 N p s s ,  i 

I 
1 1970). 
I 

I 1 

I t 

I 
I 

i 
I 

S i a c c  r h o  present  a b s e r v a t i o n s  are confLned  t o  e rnrher  
1 *  

b 

i 
small r a d i a l  disrance interval, wc c a n  i g n o r e , p p a t i ~ l  dqpaakcnce . * 1 I. L 

! along t h e  t'ail and c o n c l u d e  t h a t  i n  ~ u c h  a simple situation 
I 

I . B nus*  b e  approxqnateLy constant (v*B:o). In thLa c 2 s e  ali 
z ,  

d h t a  points wouLd lie on d h o r i z o n t a l  l i n e  ia tho D , R 
I 

24 i: I 

p l n n e  (Pigu ' re  5 ) .  This model is .however not adequate bocauss 
I 
I 

# ) I  . 
' I 

' 1 

I 
i t  d o e s  not take i n t o  a c c o u n t  t h e  f a c t  that the n c u t r + l  s h s c t  

I . d 

li 

moves s u c h  t h e t  t h e  i n s t a n t a n e o u s  d i r e c t i o n  o f  rhe s h e e t  n o r -  I 

nal tilts away f r o m  i t s  average o r i r n i a t f o n .  (Mihalov ut al., 
I 

3 

i 9 
I i 

, 4" , 
I + s .* 

I If we interpret this tilt i n  terms, o a  a wave y i t h  s u f f i c i e n t l y  . ri 

I 

' 1 ' .  + 

s ,.+% 

l knge w a v e l e n g t h  we. yrould e x p e c t  t h a t  e v e r y  maphetic f i e E d  4- 
act;\, 

. , a  i 

I I 

. v e c t o r  a t  a givcn p o i n t  in space o s c i l l a t e s  a r o u n d t i t s  & r a g &  i j  
I ? I 

b r i e n t a t i o n  w i t h .  a faxed a n g u l a r  amplitude. I n  ' t h a t  c a s e  .the . ,, j 
8 

d a t a  poi,ntswould li'e i n  a wedge-shaped r e g i o n  &ch"as  shown i n  
, ' * ' mi ,  2 ' f i g u r e  3 .  ( T h e  boundaries corrcsgond t o  h ~ ~ i z o n t a l s  iil s u ~  ,,.Lly 

I " r o t a t e d  c o o ~ d i n a . t e  systerns, ) 
I 

t 
, 1 

I *  8 -  * 
' . #  

. . FiGure 4,. p&rt a ,  showk the oliservbd f:eld o p , i e n t a t i o n ,  'f 
? 

1 

i n ' e a c h  m a g n i t u d e  interval s e p a r a t e l y .  Sdnca  we are dealing 

w i t h  t h e  pro j e c t i p n  ok; the, i f f  o l d ,  onto t h e  x,,z-plan2 we .h&ve 

f . 0 ~  o r d e ~ e d  t h b ' i a a $ u ~ e m e n f s  w i t h  ~ r s p e c t  t o  G I=,/- ' , 
Z 

using t h e  same i n t e r v a l s  a s  f o r  F (Tibble 2 ) .  4 

t 
1 

T h e r e  a r e  two d i s t i n c t l y  d i f f e r e n t  r e g i o n s .  For $ .: 5 y  t l ie  - 

$ i c t u ~ e  i s  roughly c o n s i s t e n t  w i t h 3 t h a t  eivnn i n  Figure 2 . , $  
I 

Fnom ,$fie e s t a b l l s h e Z t  g r a s s  p i c t u r e  05 $ h e  n e u t r z l  sh,c,e$ S.2 , . , , 

s e e m  r e a s o n n b l e  t o  visualize +rgLons o i  l a r g ~ r  G a s  l y i c g  
t 3 

a; the sverago, f u r t h e r  iway fro3 the cca i ep  of t h e  n e u t r a l  
t -3 

shne: thar those w h e r e  G i s  smzllcr. Be t h e r e f o r e  c o a c l c l e  
t L  

* 
I 

-- - 

' . - 6 -  
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? ti133 C ~ D  b e  cxplai3c . .  ky a o ? o - 4 i n c n s i ~ 1 : n l  f i c l d  c a n P i g u v e t i o z  
i , "* 

hf i T 11 3 ,, 
flu , , 2 . 9 y  and \+'it!? long-scalo wnvcs supc r fn?osed  whlc5 

*, *4 I 

kcad to an e :~gular  d i o t ? i S c t i o n  o f  h n 5 f - w i d e h  r ~ 2 G 0  ( s traFght  - &.** i @ kip. &r;;un by kcad have a -Lo?o 05 2 2 0 ) .  rq-i a ah 

te~?rn& o ?  ALfvGn Y E V U S  C k i s  C O P P O S ~ Q ~ Z S  %O a n  a m p l i t u d e  o f  

I % 7 y  i a  t h a  5~12.2. t n L 1  f i e l d  OF r~ 2 0 y .  This o r i a n t a t i o ' n  e f f e c t  
> t11cn';uould Lcad to t h e  B 0 observatiorrs  for G , 5 y .  z t 

1 b 

i * In ehs  rcginc Q G y  t h i s  a x p l a n a t i o n  clearly f a i l s  to be 
I - 

' ~ p b k i c a b l c .  Xnsteaci 05 beJ.ng cons *1:ant i3 d 3 0 p s  to z e r o  z 1 
fok; decreasing valuos of G ,  znd i n s t e z d  o f  Dz 2 0 in ali 

* 
,casc?s,  tho first G-Ln*arval contains about  498 a5  data p o i n t s  

I 
I w i t h  13 < 0. Table 3 gives sorile. o h r h  e re l evan t  p ~ o p e r % i e s  

55 
a 
i 

I '  
f o r  G 2 5 y .  ObviousZy t h e  f i e l d  i s  considerably wsakcr than  

1 

e x p a c t c d  from a one-d:i.menslonr13, p i c t u v e  and .is n o w  ran- i 

i a  I 

1 d o q l y  distributed: * In tho first i,nt;rval the d i s t i n c t i o n  
i I 

between r , o r t h l  end south has alqost corfip3.etely 

I '. 
I 

* ~ e v e r n i  models e x i s t  which depart from the concept o f  a une- 

I - d l & n s i . o n a i  tail field. * T h e  reconnectios model has as aa 
f 

ess;n*:ial f e a t u r e  the prJsence of a neutral p o i n t  somewhere 



Far o in;*$c va3icry ~f clrnunstanc~s ( S c i i l n C l u r ,  I B W ;  

Schind'c:% and Soop, 100D) one f i n d o  i n o u a b i l i t y  r g r i s s t  

t e a r i n $ ,  i . 0 .  t h o  m a g n a t i o  P i a l d  l i nes  brank u p  sn2 forts 

clcsuct L o ~ p ~ .  T l t e  g~o#*:h r a t e  wes computoc! by L n v a l  at a l .  

(196'6.). 3 c s e  resc2ts 'it~ere f i n s t  a p p l i u d  to t h o  g a o m g n c t i c  

*ail by C o p p i  ci al. (1.960). Bis*kaxg aC sl. (1870) and  

2iokanp and S c h i n d l c r  (1971) kavc r o c a n s l y  srudled  prohlcms 

r a l a r a d  to tho n o n - l i n o a r  a v o l c t i o n  o f  t h i s  i n s t a b i l i t y .  

Lincar t h e o r y  p r a d i c t s  stabilization 5y  inisotropy ( L a v a 1  

and ? e e i a a r ,  1960). I t  i s  however n o t  d i f f i c u l t  t o  v i s u a -  
I 

l i z o  n o n - l i n e a r  p a r t u r b a e i o : ~ ~  w h i c h  ara a b l e  t o  grow. Tk4e 
t e n p i n g  mode m i g h t  also b &  d r i v ~ n  by the p r e s e n c e  o f  a 
(coll.ective)'resistFvity ( F u ~ t h  e t  8 .  1 9 6 3 ) .  The qucs..:ion 

how a m a g n e t i c  fie$d componcnt n o r m a l  t o  the n e u t r a l  s h c o t  

influences l i n ' e a r  and non-linear s t a b i l i t y  i s  e s s e n t i a l l y .  

open. 
1 

. 1 .  1 I 
b e  . + 

ff o'sc tokes t h e  r e c o h u e c t i o n  r n o d ' e l l l t e r a l l y ,  one a x p a c t s  

one neutral goi:)it. o n l y  p o s s i b i l i t y  t o  reconcile t h i s  
I $ 

, p i c t u r e  with t h e  p a s e n t  r e s u l t s  i s  t o  assume t h a t  t h e  
f 

I . +  a e u t r h l  p o i n t  p o s i t i o n  . . r a p i d l y  o s c i l 2 a t e s ,  ( ' t 

t I 
I 

In t h e  c a s e  o f  t h e  p s e s a n t  E x p l o r e r  34 d a t a ,  t h e  n e u t r a l  

. s h e e t  observalions o c c u r  when t h e  satellite i s  i n  t h e  d i s -  
I 

t a n c e  r a n g e  o f  30 t o  34 e a r t h  r a d i i .  Thus a rather l o c a l '  s t ~ u c -  
9 

t u r e  i s  b e i n g  samgled*by this s p a c c c r a f t .  The data p u b l i s h e d  ' 
.' * 

I I ' f 
, .  r 

by Hihglov et a l .  (1988) aico.contaln bothl',northr.rard and Z 
' .  I ' ;i 

. southward p o i n t i n g  v ~ c t o b s ,  f o r  i n s t a n c e  a t  r a d i a l  d i s ' t a n e c s  
I 

, .'exceeding 70 RE. T h i s  would sug$est an a m p l i t u d e  o f  a t  l e a s t ' ,  
t 3  

t I 
* 

40 K L e  
I 

, 

L I 

I n  o r d e r  t o  ob2ain a perio$,which one would have t o  assoc iaue  
. , '  

w i t t i  ? t h e  o s d i l . ~ a t i o n s  of a singla n e u t r a l  point, we ha,ve con-' 

p u i c d  t i l o  avGrage .time b a t w e e n  sign reversals 62  B,. T h i s  * 

2 - t i n e  i s  02' the o r d e r  0 2  10 s e c .  t a r  i n s t a n c e ,  t h e  i n " i e rvz1  
t . 

shown in figure 2b contzics 49 B - s ign  r e v e ? s a l s ,  G h i c h  a:?? 
+ Z 

on t h e  aveTage '19 .seconds a p a r t .  - T h e  s a i e  'oz8cr o i  n a g z l t u d e '  

io'r t h e  o s c i l l a i - i o n i  ?erioZ would T o l l o n  f r o -  %kc; C - i  . a l , ~  $':~ve; . 
Y, 

, b y  1:ihalov ei: a l .  (WStI),  vrho found a c b a s i i c r z h l e  r c G c c * ; i o ~ -  , 
. . . * 
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would ghva n l a v r r  Seund or. tkn valocitky a n p l i t u l c  o f  abou: 
9 10 c a / s a c .  S l n o a  wo g r c  uuirlg darn c d l ~ c c r a t !  on t h r c c  (iziys 

# o;tly,  wc c a n n c t  ao?oky stly t q h u t h u r ,  t lra s r b u c t u r o  obsarvc;d is 
t y p i c a l  2sr. all timer. On tho o t k e r  h a n d ,  o:rcn S f  o u r  o s r i -  
~ . ~ a t o  o f  40 R.. Tos t h c  ~ n p l i t u d a  i s  Coo h i g h  by t: f a c t o r  o f  

b 

10, wo a t i l l  wouLd f i n d  a v e l o c i t y  which oxccods  5 %$mas t h e  

.i3.Pvhn v c ~ o c i t ~ .  Thcpc .docs  n o t  scorn t o  ex16s81: e v i d q n c c  f o p  

' I . *  sue11 a : i t ~ p ~ r s o a i i . ~  o ~ ~ i 2 J , ~ * I ' i o t ~ .  
I 

t 

. A  d 
4 

I 
1 

) I  
I /  

I 
' F u r t h c n n o r o ,  i t  is v e r y  d i f ' f i c u l t ,  i f  not i m p o a u i S l e ; t o  r e -  

I c o r . c l l e  t h e  p i c f u r o  of a s5.nglc o s c i l l a t i n g  npudcra& p o i n + t  
, r '-2"̂ --z- 

I o r i t h  the f a c t  % h a t  for A .(A Sy there seems t o  t xi st 
I 

I 
X z 

I " ,  , a s i m p l e  I . .  oaf-dlncr:sior.al  s t r u c t u r n  w i t h  a n  avelqaye p o s l s i v s  
* I  n o r m a l  c o n p o n c n t ,  which at radial distances of about 80 RE 

I * 

5 s  of t h s . o r d e r  o f  2 y .  I 
i 

* I 
i 

! 
X 

! 
* , ?I 

,The. second t y p o  o f  structure discussed .  a t o v a ,  i.e. local 
+ * A  

' c o n c e a t r a t i o n s  a 2  the e l e c t r i c  c u ~ $ s n t ,  i n a t h e  sinplesr : 

p i c t u r e  e i v i n g  rino to magnet ic  loops i s  n o t # s u b j e c p  t o  
I I I 

* / t i ~ e m ' o  difficulties. S i n c e  it a l l o w s  f o b  aany neutra!. points, ' 
I 
I 

f 

. e h s  r a p i d  change of s i g n  of Bz i s  easily e x p l e i n e d  by e "I* 

. I b  c o n v e c t i v e  m q t i o n  05 t h e  c u r r e n t  c o n c ' s n t r a t i o n s ,  

* .I I' ' 

I ' t l  

* 
t 
i" 

~ l e i ~ l y ,  The. p r e s e n c e  of c u z v e n t  c & n c c n t r a t l o r r s ,  whose *c::.:?- f 
E 

a c t c ~ i s t i c  d i m e n s i o n s  are expected  to be r o u g h l y  0 2  t h s . o r d e $  8 
I* 
f 1 @ . o f  t h e  n e u t r a l  s h e e t  widthi is not s u f f i c i e n t  to c x p l a i , n ,  alL 

. I )1 

f e a t u r e s  of the o b s e ~ v a t i o n s .  One h a s  'io add  a n e t  . n a g n o t i c  
'. , 5 

flux ia the south-zortb d i r e c t i o n .  1 
8 

1 
I 

I * . . *  A simple model c o m b i n i n g  = the  t w o  f e a t u r e s  i s  d i s c u s s e d  i n  

* ,  

I ' ' t h e  following . s c c t . l o n ,  A : 
I 

'I .I 

. k sln?le' model  , t 

i 
I $ " .  , 

S i n p L a  models v h i c h  have tke d o s i r e d  t o p o l s g y  i n  the x - a  
1 

4 I 
3 

I *  
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* 
. *. 4 

~ h c r a  Do is t h e  Siuld n n g n i t u d c  away from uho o h a a t  and L 

I 
i s  its w i d x h ,  nr i& a measura for tho o i e e  of t h o  i o o p ~  

+ 2nd. bBo i u  t h o  magnitu$c of tho s u p o r i m a o ~ a d  hoaogonccus 
t 

- f i u l G  in t h o  z - d i m c t i o z ~ .  For D = b = 0, a 4 1 Chis m o d ~ L  
t 

s r o d u c e s  to t p e  linanr tear'ing sode in t h e  L i m i t  k x L + I ,  whore 
. , '  kx is .%he wabo nunbcr in tho x - d i r o c t l c n .  C h o o s i n g  D $ 0 

# 
t 

p z o v i C o s  tho possibikity of c o i f i n i n c  t h o  moda t c  a smaller 
6 

r e g i o n  a r o u n d  x = 0, 
8 1 

f b , 

i 
, 

I 
I 

' 1 

1 I , I T h i s  n o d a l  i s  n o t  s e l f - c o n s i s t a n t  h a c a u s c  we c a n n o t  c x g L f c i t R  
I 

*. 
ly write down particlo d i s t r i + b u % i o n  Z u n a t i o m  w h i c h  a m  

a [ I  I 
in cqullibrium,with t h o  EicLds  choscn ( ? h i s  i s  onLy p e s s i b i c  

? i . 0" 
k i  1 fpr 'b, D = 0). For t h e  g r c s e n t  p u r p o s e ,  where tru a r e  rnos t ly  
f. concerned w i t h ,  t h e  q u a l i t a t i v e  a t 6 u c t u r e  of t i l e  f i e l d ,  this 

is however not a serious drawback. M. Soop ( p r i v a t g  c~mhunic-a 
8 I 

ae ion)  n u m e r i c a l l y  obtained P i e Z d  p a t t e r n s  which solve thp.  i 
sroady  s t a t e  wquatioas a p p r o x i m a t e l y : '  I n  some c f  t h e  ca.se.s I 

, 
s t u d i e d  t h e  nagn 'a t i c  f i e l d  has t h e  same t o p o l o g y  as t h e  slrnaLc 

t v  

* mode l  given' aBbve. 1 

h poss ib3 .y  more serious d e f i c i e n c y  of the p r e s e n t  approach 
1 

is .Ithe orniss3,on o f  t h e  I3 -cornpanant. We will r e t u r n  to t h i s  
Y 

p o i n t  i n  t h e  ' f o l l o w i n g  s e c t i o n .  
f 
5 1 
1 ,  

C I  
f- 1 
i 1 

# $  

I!) 
lp 

I ., * .  I 

" a Choosing Bo 20y  and b = 0.1 (Eehannon, 1968) we have cs-  

s o n t i a l l y  two parameteris to. vayy, a and D. 1% r u m s  our  

* 
;; + t ha t ,  t h e  case  a . s  0 and .D :. 3 is able t o  reproduce t b c  f 

essonrial features 05 the obser~va'cions ~easoaablp w e l l .  , 3 e -  
t ? t 

c a u s e  69 T h e  a r b f t ~ a r i m s s  of uuxb 1nodeL we d o  n o t ,  aim f a y  B 
% 

m s x ~ e l l e n r  p u c n ? l t a r i v r  afpmrnont .  r h e r a  i s  p r o b a b l y  a d i . f f s ran*2  t 
-a 

- -11 
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II 

GCZ o f  v d l u a 3  a t  w h i c h  O ~ V C I  an ovan baQkdzor P i c .  Such 
I 

an opicini5sat ion W J ~  not d o n c  bacauoo good ~ u n n r l t n r l v c  
ogracnun* in nor  ~ n o u n e i a L  for t h o  c o n ~ L u e i o n s  wa can d r a w  
Eron our ad hoc model. 

* 
f 

I 

Pkgura 5 sltows . tho f i e l d  k i n a s  f o r  *ho case choaon. S i n c ~  w c .  
havan n ~ t :  added  ndutre l  shacr . t . l l t i n a  i n  our modcl and ~ i r j c c  + 

t h o i r  a P f a c t  doaa n o t  soom t o  bq essential Por 4 5y ( P i g u ~ a  
4 )  wo ~ R V C  ignored oriantntlon o P P o c t s  for G 2 9y and drawn R 

3 wedge-shaped r c g i c n  f o r  0 , 5y .  T,haro seems t o  ba good qus2i-  
* t 

t a t i \ r o  agrocrnont, A conpariaon between p a r l r  a and b o f  
.P 

f i gure  4 shows t h a t  t h o  genaral  bchaviour i s  r e p r o d u c a d .  
L I 

1 * 
I 

So Par wo have d i a c u s s e G  o n l y  r\omcnts o f  t h e  p r o b a b i l i t y  
I 

d i s .L .r~ iLnt ions4 invo lved .  It is also i n t e r e s t i n g  to compare 
t h g  d i s t r i b u t i o n s o f  t h e  magnet ic  f i e l d  compononta themselves. 

6 
I t  ., F*iguao 6 g i v e s  t h e  o b s e r v a t i o n a l  and. model d i s t k i b u t i o n s  oi! 2 

Z 
fo$*'tho f i r s f  6 i n t ~ ~ v a l s .  Although . t h a  co~responding' d i c t r i -  
b u t i o n s  show considarablo d e v i a t i o n s  t h e y  have  a  nurnbcr o f  

t 

I 

q u a l i t a t i v e  propert ies  i n  common., The main f o a t u r e s  a r c   he , 
9 

$ 

occubrence 03 two maxima, t h e  l a r e e r  pcak c o r r e s p o n d i n g  t o  
, ' t  

8 ' .  
a largea value  of'^ . I t  seems pot vepy s u r p r i s i n g  t h a t  t h e  

I L z 
~ x p a r ~ i m c n t a l  c u r v e s  arc cons iderab ly  s m o o t b ~ s ~  t h a n  those sf 

I I .  " t h e  model. T h i s  may b e  mainly due  t c  t h e  presence o l . a  more 

I t i r r a g u l a ~  s t r u c t u r e  than t h e  one d i s c u s s e d  here, t o  sup& 
' 

@ 

imposed  largo-scale vraves, or to averaging over  a num2ber o f  1 1  l a ( , . .  * d$.:ferant c o n f i g u r a t i o n s .  j ,  .. + a *  

& 

4 I 

8 

, 
t @ 

. . 
t r 
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1 : I  
1 

1 

-. 
_-I 1 

- I 

L 

- 

-I _ I I b  t h r e e - d i b o n s i o n a l .  S u c h  f i e l d  c o n f C g u r a t i o n s  Lrc qua:k:a- 
- 

I 
- 8 1 t i v c l y  c d n s i s 2 c n t  w i t h  non- l i nca r  s i n g l o  tnodc growth of t h o  

I , 
t e a r i n g  i n s t a b i l i t i e s  whero o n e  e x p e c t s  t h o  p i n c h  i n s t a b i l i : ~  

a k o  become important ( D i s k a m p  e t  a l .  ( 1 9 7 0 ) ) .  

* . 
1 + 5 ,  Discussion 

I 
I I '  

I 9 1 

, t 

We h a v e  seen t h a t  f o r  t h e  average t a i l  c o n f i g u r a t i o n  a s s o -  
I 

. ' c i a t e d  w i t h  t h e ' t i m e  i n t e r v a , l s  d u r i n g  wh ich  t h e  o b s o r v a t i o ~ s  
* I  . d i s c u s s e d  were made,a simple t w o - d i m e n s i o n a l  P i a X d  l i n e  model  

I 

f :  

can b e  a g p l ' i e d  fop 5 y .  I n  t h e  r e g i o n s  
r n n 

z 

\ 
L dsX + B 

& 
< 5y t h e r e  i s  c o n s i d e r a b l e  d e v i a t i o n  f r o m  t h i s  

\,L Z 

I \  a p i c t u r e .  Tho e s s e n t i a l  f e a t u r e  i s  t h e  o c c u r r . ? n c c . o f  r e g i o n  I 
\ w i t h  very wchk m a g n e t i c  f i e l d  wh ich  we in :eapre t  a s*  n e u t r a l ,  

o ' ,  p o i n t s .  The c o n c e p t  o f  o n e  n e u t r a ' l  p o i n t  w h i c h  o s c i l l a t e s  
1 # .  L 

a l o n g  t h e  t a i l  i s  n o t  s u p p o r t e d  by t h e  p r e s e n t  o b s e r v a t i o n s .  

1 

0 
I .  

T h e r e f o r e ' w e  have i n v e s t i g a t e d  t h e  c o n s e q u e n c e s  of a mode l  
! 

@ . I 

' *  with many n e u t r a l  p p i n t s .  A r a t h e r  simple model  of t h a t  
' .  , 

type has  a 'number o f  q u a l i t a t i v e  prc;pert$.es i n  common w i t h  I 
I 

i- / ' t h e  observational' m a t e r i a l .  I n  p a r t i c u l a r ,  t h e  o c c u r ~ e n k e  , , 
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fYqurc 2 :  T y p i c a l  ncutral a h a e t  crossing o l s o r v a d  by t h e  mag-.  
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n o t i c  field c i p c r i m e n t  on Explorer 3 4 .  In Part a ,  

t h o  solar magnctosphcric l a t i t u d e  (01, Long i tude  , 

( @ ) . ' a n d  f i e l d  magnifuda (F) are shown for sequence- I 
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, ' -avcragcd d i t a  (see t e x t ) . )  A sub-interval of the 
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da ta  on an expanded t i m o  scale and finer t i m o  re- + 

s o l u t l o n  is shown in part b ( s e e  t e x t ) .  
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B I* F i ~ u r e  3 :  One-dimensional model with long-wavelength per-  
turbations; d s r a  p o i n t s  l i e  approximately i n  wedgo-* 
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, I #  -shaped region . 
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Figure 4 :' a) observad' field o r i e n t a t $ o n s .  ~ e n i y  l i n d s  cprrespond 
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