
- 
c . 

N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s  t x a t i o n  
G o d d a x d  Space F l i g h t  C e n t e r  

C o n t r a c t  No.NAS-5-12487 

ST-GM-IS-10735 

RELATIONSHIP BETWEEN THE DIRECTION O F  THE 

INTERPLANETARY MAGNETIC F I E L D  AND STEADY 

OSCILLATION CONDITIONS 
GPO PR 

-l 

CE S 

by CFSTI PRICE(S) s 
O.V. B o l ' s h a k o v a  

E4 

V.A. T ro i t skaya  
Hard copy (HC) 

Microfiche (MF) 
(USSR) 

tf 653 July65 . 

15 AUGUST 1968 

c 

https://ntrs.nasa.gov/search.jsp?R=19680022081 2020-03-12T10:11:57+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/85243973?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


ST-GM- IS- lo  7 35 

RELATIONSHIP BETWEEN THE D I R E C T I O N  OF THE 
INTERPLANETARY MAGNETIC FIELD AND STEADY 

OSCILLATION CONDITIONS 

Doklady Akademii Nauk SSSR, by 
Geof iz ika ,  Tom 1 8 0 ,  N o . 2 ,  O.V. Bol'shakova and 
pp 3 4 3 - 3 4 6 ,  ivioscuw, i96i3. v.A.  T ro i t skaya  -- 

? 

SUMMARY 

This work establishes that the direction of the interplanetary magnetic 

The 
field in the ecliptic plane is the determining parameter of excitation or 
attenuation mechanisms of steady oscillations of the various Pc groups. 
Pc amplitude modulation is determined by the change in field direction, th? 
former decreasing to zero when the latter is perpendicular to the line Sun- 
Earth. The data obtained allowed the authors to establish for the first time 
the nature of  the agent responsible for the sudden onset and vanishing of 
Pc oscillations. 

* 
* * 

For  s t e a d y  o s c i l l a t i o n s  of t h e  E a r t h ' s  e l ec t romagne t i c  
f i e l d  i n  t h e  PC 2-4  range t h e r e  e x i s t s ,  a longs ide  wi th  o s c i l -  
l a t i o n  ampli tude c o n t r o l  i n  accordance wi th  l o c a l  t i m e  [l], 
an obvious modulation of cond i t ions  as a whole i n  accordance 
w i t h  U T .  Thus, for example, cases of s imultaneous commencement 
o r  s imul taneous  ending of s t eady  o s c i l l a t i o n s  w e r e  observed on 
t h e  e n t i r e t y  of t h e  g lobe  and s o  f o r t h .  These cases represen-  
t e d  a r i d d l e  f o r  a11 i n v e s t i g a t o r s  and a t t empt s  t o  i n t e r p r e t  
them d i d  n o t  r e s u l t  i n  a s a t i s f a c t o r y  s o l u t i o n  of t h i s  problem. 
A s p e c i a l  network of i d e n t i c a l l y  equipped s t a t i o n s  was c r e a t e d  
i n  o r d e r  t o  s tudy  t h e  i n f l u e n c e  of u n i v e r s a l  t i m e  on s t eady  
o s c i l l a t i o n s .  These s t a t i o n s  w e r e  sp read  l o n g i t u d i n a l l y  a t  
approximately 120° along t h e  per imeter  of t h e  g lobe .  Alongside 
w i t h  t h e  g l o b a l  modulation, days were a s c e r t a i n e d  (approximately 
1 -2% of  a l l  t h e  observed cases) ,  when s t e a d y  o s c i l l a t i o n s  w e r e  
a l t o g e t h e r  absen t  which could i n  no way be i n  agreement wi th  t h e  
theo ry  on Pc e x c i t a t i o n  by continuous so l a r  wind a t  magnetosphere 
boundary. 

Consequent ly ,  t h e  sou rce  of s teady  o s c i l l a t i o n s  must possess 
p r o p e r t i e s  whose v a r i a t i o n s  would have a determining a c t i o n  on 
t h e  e x c i t a t i o n  o r  a t t e n u a t i o n  of these o s c i l l a t i o n s  i n  a planetary 
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s c a l e .  As i s  shown by t h e  r e s u l t s  of t h e  p r e s e n t  work, t h e  
d i r e c t i o n  of  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  i n  the e c l i p t i c  
p l ane  i s  such a determining parameter.  On t h e  average,  t h e  i n t e r -  
p l a n e t a r y  f i e l d  i n t e n s i t y  i s  % 5 y ,  whereupon t h e  f l u c t u a t i o n s  
of t h e  f i e l d  value a r e  considerably lower than those  of i t s  
d i r e c t i o n .  However, cons t an t  v a r i a t i o n s  notwi ths tanding ,  t h e  
i n t e r p l a n e t a r y  f i e l d  has  a c e r t a i n  preferred d i r e c t i o n  which 
co inc ides  w i t h  the d i r e c t i o n  of t h e  A r c h i m e d e s  s p i r a l .  

Analysis  of b a s i c  c h a r a c t e r i s t i c s  of s teady  o s c i l l a t i o n s  ' 
w a s  conducted during t h e  pe r iod  1 t o  14 December, 1963 f o r  which 
d e t a i l e d  measurements of t h e  i n t e r p l a n e t a r y  f i e l d  made on IMP-I 
and averaged f o r  each 5-46 min., w e r e  made a v a i l a b l e  [ 2 1 .  The 
d i r e c t i o n  of t h e  f i e l d  i n  t h e  e c l i p t i c  p lane  w a s  used as t h e  
i n t e r p l a n e t a r y  f i e l d  parameter .  T h i s  s e l e c t i o n  w a s  due t o  t h e  
f a c t  t h a t  t h e  t o t a l  v e c t o r  of t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  
i s  d isposed  a t  a small  angle  toward t h e  e c l i p t i c  p l ane ,  w h i l e  
t h e  f i e l d  value i s  s u b j e c t  t o  r e l a t i v e l y  s l i g h t  f l u c t u a t i o n s .  
I n  a l l ,  use  was made of more than  1500 va lues  of d i r e c t  i n t e r -  
p l a n e t a r y  f i e l d  measurements, on the  b a s i s  of which his tograms 
w e r e  p l o t t e d  of t h e  p r e f e r r e d  d i r e c t i o n  of t h e  f i e l d  f o r  each 
24 hour p e r i o d  and d e t a i l e d  a n a l y s i s  was performed of g l o b a l  
Pc e x c i t a t i o n  cond i t ions .  I t  should be noted t h a t  the  d i r e c t i o n  
of t h e  i n t e r p l a n e t a r y  f i e l d  was n o t  i d e n t i c a l  on a l l  days. Most 
f r e q u e n t l y  ( 7  o u t  of 14 days) t h e  d i r e c t i o n  of t h e  i n t e r p l a n e t a r y  
f i e l d  co inc ided  w i t h  t h e  d i r e c t i o n  of t h e  Parker  s p i r a l .  On some 
days it i s  d i f f i c u l t  t o  determine t h e  p r e f e r r e d  d i r e c t i o n :  the 
magnet ic  f i e l d  f l u c t u a t e s  and i t s  d i r e c t i o n  v a r i e s  c o n s t a n t l y  
dur ing  t h e  24 h r  per iod .  I n  s p i t e  of t h e  e x i s t i n g  concepts ,  t h e  
p r e f e r r e d  d i r e c t i o n  of t h e  f i e l d  during three days of t h e  inves-  
t i g a t e d  t i m e  pe r iod  was perpendicular  t o  t h e  Sun-Earth l i n e  
(F ig .1  c ) .  

Such a v a r i a t i o n  i n  the  p r e f e r r e d  d i r e c t i o n  of t h e  i n t e r -  
p l a n e t a r y  f i e l d  from one day t o  another  proved t o  correspond t o  
a s p e c i f i c  change i n  s t eady  o s c i l l a t i o n  groups,  namely: t o  the  
basic f i e l d  d i r e c t i o n  co inc id ing  w i t h  t h e  Parker  s p i r a l  d i r e c t i o n  
corresponds t h e  m o s t  widespread type of s teady  Pc  3 - o s c i l l a t i o n s  
( T  = 10- 45 sec) ;  of  t h e  P c  4 (T = 50 - 1 5 0  sec) o r  Pc 3-4 - 
t ypes .  The case of t h e  f i e l d  perpendicular ly  directed toward t h e  
Sun-Earth l i n e  is  an a b s o l u t e l y  s p e c i a l  case during which s t eady  
o s c i l l a t i o n s  are n o t  e x c i t e d  and a re  absent  i n  t he  E a r t h ' s  scales. 
Since  t h e  d a t a  used r e p r e s e n t  values  of f i e l d  d i r e c t i o n  averaged 
f o r  a short  i n t e r v a l  of t i m e ,  i t  was p o s s i b l e  t o  compare t h e  
sequence of f i e l d  d i r e c t i o n  v a r i a t i o n s  wi th  t h e  cont inuous recor- 
d ings  of s t e a d y  o s c i l l a t i o n s  (F ig .2 ) .  The d i r e c t i o n  of t h e  
i n t e r p l a n e t a r y  f i e l d  i n  t h e  e c l i p t i c  p lane  w a s  p l o t t e d  d i r e c t l y  
an "ie tape. Tne f i e i d  d i r e c t i o n  vaiues  w e r e  averaged f o r  unequal 
t i m e  i n t e r v a l s  determined by a s u f f i c i e n t  constancy of f i e l d  d i r ec -  
t i o n  ( +  l o o ) .  A s  may be seen  from our  example ( F i g . 2 a ) ,  s t eady  
type  Pc 3 o s c i l l a t i o n s  correspond t o  an i n t e r p l a n e t a r y  f i e l d  
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a/Toward Sun b 
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Fig .  I 
b 

D i s t r i b u t i o n  h i s t o g r a m s  of i n t e r p l a n e t a r y  
m a g n e t i c  f i e l d  d i r e c t i o n  c o r r e s p o n d i n g  t o  

s p e c i f i c  P c  t y p e s .  

d i r e c t i o n  close t o  the Parker  s p i r a l .  A t  t h e  moments of t i m e  
when t h e  f i e l d  v e c t o r  approaches a d i r e c t i o n  perpendicular  t o  
t h e  d i r e c t i o n  toward the S u n ,  steady o s c i l l a t i o n s  d isappear .  
Fig.2b shows an example of Pc fading during s e v e r a l  hours ,  
whereupbn t h e  magnetic f i e l d  direct ion along t h e  pe rpend icu la r  
toward t h e  l i n e  Sun-Earth was v i r t u a l l y  cons tan t .  

Fig.  2 

Examples o f  r e c o r d i n g  comparison o f  s t e a d y  o s c i l l a t i o n  
c o n d i t i o n s  and o f  i n t e r p l a n e t a r y  m a g n e t i c  f i e l d  d i r e c t i o n .  
Petropavlovsk-Kamchatskiy. a )  1 2  Oct .  1 9 6 3 ;  b )  1 4  Dec .  1 9 6 3  

A q u a n t i t a t i v e  e v a l u a t i o n  of the  number of cases of s t eady  
o s c i l l a t i o n  cond i t ions  co inc id ing  w i t h  a s p e c i f i c  f i e l d  d i r e c t i o n  
w a s  performed f o r  each 2 4  h r s  per iod s e p a r a t e l y .  On t h e  average,  
co inc idence  i s  observed i n  85% of a l l  t h e  cases compared, and 
the less s h a r p l y  expressed t h e  p r e f e r r e d  f i e l d  d i r e c t i o n  (Fig.1,b)  
t h e  smaller t h e  percentage of coincidence. 
expres sed  p r e f e r r e d  d i r e c t i o n  the i n d i c a t e d  c o r r e l a t i o n  may a t -  

But wi th  a c l e a r l y  
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Fig.  3 

D e p e n d e n c e  o f  n o r m a l i z e d  P c  3 [l] a m p l i t u d e  
o n  i n t e r p l a n e t a r y  f i e l d ' s  d e f l e c t i o n  a n g l e  f rom 

t h e  P a r k e r  s p i r a l  [ 2 ] .  D e c e m b e r  9 ,  1 9 6 3 .  

t a i n  99% ( f o r  i n s t a n c e ,  on 3 December, 1963) .  

I n  t h e  case when t h e  f i e l d  d i r e c t i o n  co inc ides  wi th  t h e  
Pa rke r  s p i r a l  o r  i s  s u f f i c i e n t l y  c l o s e  t o  it t h e  amplitude of 
Pc 3 - o s c i l l a t i o n s  i s  maximum. W i t h  f i e l d  d e v i a t i o n  f r o m  s p i r a l  
d i r e c t i o n ,  t h e  Pc-amplitude decreases .  When t h e  f i e l d  i s  per -  
p e n d i c u l a r  t o  t h e  d i r e c t i o n  toward t h e  Sun, t h e  Pc-amplitude 
approaches z e r o .  Therefore ,  t h e  Pc-amplitude i s  appa ren t ly  
determined by t h e  d e f l e c t i o n  angle  between t h e  i n t e r p l a n e t a r y  

. magnet ic  f i e l d  and t h e  p r e f e r r e d  d i r e c t i o n .  A s  i s  shown i n  
F ig .3 ,  a clear i n v e r s e  dependenc? e x i s t s  between t h e s e  t w o  
v a l u e s .  

A d e t a i l e d  i n v e s t i g a t i o n  of t h e  p r e f e r r e d  day t o  day 
d i r ec t ion  i n s i d e  one sector from December 2 t o  1 2 ,  shows that 
a p r e f e r r e d  f i e l d  d i r e c t i o n  pe rpend icu la r  t o  the d i r e c t i o n  to- 
ward t h e  Sun accompanies f i e l d  i n v e r s i o n .  Inasmuch as t o  such 
a d i r e c t i o n  corresponds an a t t e n u a t i o n  of P c  i n t e n s i t y  or t h e i r  
t o t a l  absence ,  it becomes p o s s i b l e  t o  assume t h a t  cases of Pc 
absence cor respond t o  t i m e s  of i n t e r p l a n e t a r y  f i e l d  i n v e r s i o n ,  
i .e .  t o  sector boundaries .  This  assumption can be v e r i f i e d  by 

8' u t i l i z i n g  t h e  d a t a  ob ta ined  on "PIONEER-6" and IMP-I r ega rd ing  
t h e  p o l a r i t y  r e v e r s a l  of t h e  i n t e r p l a n e t a r y  f i e l d .  I n  75% o f  
a l l  t h e  compared cases f i e l d  inve r s ion  corresponded t o  an a t t e n u -  
a t i o n  o r  decrease t o  zero of t h e  Pc-amplitude. The Pc  3-ampli- 
tude d rops  along t h e  d i r e c t i o n  toward t h e  boundaries  of t h e  
sector and  u s u a l l y  has  a maximum i n  t h e  f i r s t  h a l f  of t h e  sector, 
smoothly dec reas ing  i n  i t s  second h a l f .  This  v a r i a t i o n  i n  Pc- 
ampl i tude  w i t h i n  t h e  s e c t o r  i s  i n  good c o r r e l a t i o n  wi th  solar  
wind v e l o c i t y  behavior  du r ing  t h e  same t i m e .  The va lues  of solar  
wind v e l o c i t y  i n s i d e  t h e  sector were ob ta ined  from d i r e c t  measure- 
ments ,  as w e l l  as i n d i r e c t l y ,  making use  of t h e  r a t i o n  between t h i s  
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Fig .  4 

S p e c t r u m  o f  P c  
" f a d i n g s "  for t h e  
p e r i o d  1 - 1 4  Decem- 
b e r  1 9 6 3  c o n v e r t e d  
i n t o  t h e  l i n e a r  
d i m e n s i o n s  o f  i n t e r -  
p l a n e t a r y  m a g n e t i c  
f i e l d  i n h o m o g e n e i -  
t i e s .  

damped and no s t eady  

v e l o c i t y  and t h e  Pc-periods obta ined  i n  
[ 4 ] .  The decrease  i n  v e l o c i t y  a t  sector 
boundary may c o n t r i b u t e  t o  t h e  a t t e n u a t i o n  
of  s t e a d y  o s c i l l a t i o n  i n t e n s i t y .  

One may a t tempt  t o  e x p l a i n  t h e  effect  
of i n t e r p l a n e t a r y  magnetic f i e l d  o r i e n t a -  
t i o n  on P c  condi t ions  by assuming t h a t  stea- 
dy o s c i l l a t i o n s  of t h e  geomagnetic f i e l d  
s e t  i n  as a consequence of hydrodynamic i n s -  
t a b i l i t y  of t h e  magnetospheric plasma. I t  
i s  cons idered  [ 5 , 6 ]  t h a t  P c - o s c i l l a t i o n s  
are e x c i t e d  when s o l a r  wind flows p a s t  t h e  
magnetosphere. I n  this case s u r f a c e  waves 
a r e  e x c i t e d  and t h e  s t eady  o s c i l l a t i o n s  ob- 
se rved  on E a r t h  r e s u l t  from t h e  t ransforma- 
t i o n  of s u r f a c e  wav2s i n t o  Alfen or magneto- 
a c o u s t i c  resonance waves. 

T h i s  t r ans fo rma t ion  t a k e s  p l a c e  when 
t h e  i n t e r p l a n e t a r y  f i e l d  i s  d i r e c t e d  a t  an 
angle  toward t h e  magnetosphere s u r f a c e .  On 
t h e  o t h e r  hand, i f  t h e r e  e x i s t s  only one 
component of t he  i n t e r p l a n e t a r y  f i e l d ,  per- 
p e n d i c u l a r l y  d i r e c t e d  toward t h e  Sun, t h e  
s u r f a c e  waves a t  magnetosphere boundary are 
o s c i l l a t i o n s  a r e  observed on Ea r th .  

A t  t h e  p r e s e n t  t i m e  i t  i s  cons idered  on t h e  b a s i s  of t h e  
r e s u l t s  of obse rva t ions  from s a t e l l i t e s ,  t h a t  t h e  i n t e r p l a n e t a r y  
magnet ic  f i e l d  c o n s i s t s  of s e p a r a t e  tubes  of f o r c e  of % l o 6  km 
i n  diameter mutua l ly  i n t e r t w i n e d  and forming a complex s t r u c t u r e .  
Bends and expansions of tubes  of f o r c e ,  which are n o t  i n h e r e n t  
t o  t h e  Pa rke r  s p i r a l  w e r e  d e t e c t e d .  Such d i s r u p t i o n s  of t h e  or- 
d e r l y  i n t e r p l a n e t a r y  f i e l d  s t r u c t u r e  may serve as t h e  inhomoge- 
n e i t i e s  on which t h e  f i e l d  i s  d i r e c t e d  p e r p e n d i c u l a r l y  t o  t h e  
Sun-Earth a x i s  and t h e  i n s t a n t s  of t h e i r  approach t o  magneto- 
sphe re  boundary correspond t o  t h e  i n s t a n t s  of t h e  d isappearance  
of s t e a d y  o s c i l l a t i o n s .  Apparent ly ,  t h e  dimensions of such i n -  
homogenei t ies  correspond t o  t h e  " fad ing"  t i m e  of s t e a d y  osci l -  
l a t i o n s .  The cont inuous K P K  record ings  be ing  a v a i l a b l e ,  i t  i s  
p o s s i b l e  t o  p l o t  t h e  spectrum of such " f i n d i n g s "  f o r  a s p e c i f i c  
P c  group,  f o r  i n s t a n c e  P c  3 .  Taking t h e  va lue  of so l a r  wind 
v e l o c i t y  corresponding t o  t h e s e  P c  pe r iods  [ 4 ] ,  one may a t t empt  
t o  de termine  the mean dimension of t h e s e  i n t e r p l a n e t a r y  magnet ic  
f i e l d  inhomogenei t ies .  When us ing  t h e  average fad ing  t i m e  value 
of PC 3 :  = 10-20 m i n .  and v ,~ ,  = 6 * 1 0 7  cm/sec t h e  mean inho- 
mogeneity dimensions are i a v  - - vavt,, = 1 7  x 6 0  x 6-10' c m .  I n  
t h e  case of maximum va lues  w e  have l,,, = 1,4.101' c m .  This  i s  
i n  agreement w i t h  t h e  e v a l u a t i o n s  of t h e  i n t e r p l a n e t a r y  f i e l d  
inhomogeneity dimensions based on cosmic r a y  a n i s o t r o p y  171 and 
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wi th  t h e  t h e o r e t i c a l  e v a l u a t i o n s  of expansion and bend dimen- 
s i o n s  of t h e  tubes of force g iven  i n  [ 8 1 .  

Therefore ,  t h e  e x c i t a t i o n  of t h e  s t eady  o s c i l l a t i o n s  of  
v a r i o u s  Pc  groups i s  connected w i t h  a s p e c i f i c  o r i e n t a t i o n  of 
t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d .  
t ude  i s  determined by t h e  v a r i a t i o n s  i n  f i e l d  d i r e c t i o n s ,  where- 
upon t h e  ampli tude decreases tc? zero vhen t h e  d i r e c t i s n  of t h e  
f i e l d  i s  pe rpend icu la r  t o  t h e  l i n e  Sun-Earth. 

The ob ta ined  data  have made i t  p o s s i b l e  t o  e s t a b l i s h  f o r  
t h e  f i rs t  t i m e  one of the  fundamental f a c t s  e s s e n t i a l  f o r  t h e  . unders tanding  of t h e  PC e x c i t a t i o n  mechanism, namely, t h e  n a t u r e  
of t h e  agen t  r e s p o n s i b l e  for  t h e i r  sudden appearance and d isap-  
pearance i n  t h e  p l a n e t a r y  scale. 

The modulation of Pc-ampli- 

The es tabl ished connect ions  make it p o s s i b l e  t o  p l a n  t h e  
fo l lowing  ways of u t i l i z i n g  t h e  obse rva t ions  of s t e a d y  osc i l -  
l a t i o n s  fo r  t h e  de t e rmina t ion  of a series of so l a r  wind s t r u c -  
t u r e  parameters  of  m a j o r  importance. 

1. The fac t  of t h e  e x c i t a t i o n  of v a r i o u s  types  of s t eady  
o s c i l l a t i o n s  b e a r s  w i t n e s s  t o  t h e  e x i s t e n c e  of a d e f i n i t e  
o r i e n t a t i o n  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d ;  t h e  absence 
of Pc  c o n d i t i o n s  c o n s t i t u t e s  t h e  i n d i c a t o r  of s h a r p  change i n  
t h e  p r e f e r r e d  i n t e r p l a n e t a r y  f i e l d  d i r e c t i o n  f r o m  a d i r e c t i o n  
close t o  t h e  Pa rke r  s p i r a l  t o  t h a t  pe rpend icu la r  t o  t h e  d i r e c t i o n  
Sun-Earth. 

2. The detected correspondence of prolonged P c  " fad ings"  
w i t h  t h e  i n s t a n t s  of i n t e r p l a n e t a r y  f i e l d  i n v e r s i o n  can be used 
t o  e v a l u a t e  t h e  r e g u l a r i t y  of i n t e r p l a n e t a r y  f i e l d ' s  sector ia l  
s t r u c t u r e  i n  va r ious  phases  o f  the s o l a r  a c t i v i t y  cyc le .  

3 .  The spectrum of s e p a r a t e  P c  " fad ings"  can be used t o  
e v a l u a t e  t h e  mean dimensions of i n t e r p l a n e t a r y  magnetic f i e l d  
inhomogenei t ies .  

* * * THE END * * * 
I n s t i t u t e  of  Phys ics  of t h e  Manuscript  r ece ived  
E a r t h  , 5 January ,  1968. 
I n  the  name of 0.Yu. Schmidt 
of t h e  Academy of Sc iences  
USSR. 

T r a n s l a t e d  by 
Daniel  Wolkonsky 
2 August 1968 
Revised by 
D r .  Andre L. Br i chan t  
1 2  August 1968 ALB/ldf 
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