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RELATIONSHIP BETWEEN CERTAIN PARAMETERS OF THE 
TROPOSPHERE AND IONOSPHERE AND THE VARIATIONS OF 

SOLAR WIND VELOCITIES 

Doklady Akademii Nauk SSSR, by 
Geof i z ika ,  Tom. 180, N o . 1 ,  
pp 88 - 9 1 ,  1968. R.V. Smirnov 

SUMMARY 

This study is based upon the correlation between data on solar wind 
velocities (s.w.v.) and on near-Earth atmospheric pressure on the one part, 
and also between the former and the critical frequencies variations in the 
F2-layer of the ionosphere. Comparative diagrams are presented, involving 
American data of IMP-2, Mariner-2 and Pioneer-6, and Russian data on A f o F 2 .  

The existence is assumed of an enhancing mechanism in the solar wind 
action upon the Earth's magnetosphere, in which the variations of S.W.V. con- 
stitute a modulating agent. The polarity of the interplanetary magnetic field 
may possibly play the role of external control voltage in the trigger mecha- 
nism whose action determines the direction of a series of geophysical pro- 
cesses. 

* 
* * 

I n  accordance wi th  [l] new r e l a t i o n s h i p s  have been e s t a b -  
l i s h e d  between t h e  v a r i a t i o n s  of s o l a r  wind ve loc i t ies  (s.w.v.) 
and t h e  f l u c t u a t i o n s  of meteoro logica l  parameters  on v a r i o u s  
isobaric s u r f a c e s  i n  c e r t a i n  r eg ions .  The d i s t u r b e d  s ta te  of t h e  
F2-layer  of t h e  ionosphere can a l so  be s a t i s f a c t o r i l y  c o r r e l a t e d  
w i t h  t h e  changing c h a r a c t e r  of s o l a r  plasma behind t h e  o u t e r  
boundary of t h e  l ead ing  shock wave. P a r t  of t h e  corresponding 
d a t a  are p r e s e n t e d  below. 

F igu re  I shows t h e  S.W.V. f l u c t u a t i o n s  measured by a satel-  
l i t e  of t h e  VELA-2 [2 ]  series over t h e  course of f o u r  solar  
r e v o l u t i o n s  N o s .  1793-1796. Each r e v o l u t i o n  i s  d iv ided  i n t o  f o u r  
sectors wi th  predominant p o l a r i t y  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  detesiiiining the  ass-uied buuildaries of these sectors 
d a t a  w e r e  taken i n t o  account  concerning t h e  s t a b i l i t y  of t h e  active 
r e g i o n  on t h e  Sun i n  i t s  magneto-optical  o r  magnet ic  phase,  t h e  
d i s t r i b u t i o n  of S.W.V.  w i th in  a sec tor  and t h e  geomagnetic a c t i v i t y  
a s s o c i a t e d  w i t h  i t ,  and t h e  presence of r e c u r r e n t  sc and s i .  For - - 
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c o r r e l a t i o n  purposes ,  measurements of t h e  p o l a r i t y  of t h e  i n t e r -  
p l a n e t a r y  f i e l d  w e r e  used, which w e r e  performed wi th  t h e  IMP-I 
s a t e l l i t e  and t h e  MARINER-4 s t a t i o n  [3] i n  t h e  e a r l y  and l a t t e r  
p a r t s  of  1 9 6 4 .  The assumed boundaries  o f  t h e  s e c t o r s  and t h e  
p o l a r i t y  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 d i c a t e d  i n  [l], w e r e  con- 
f i rmed by making use  of  t h e  da ta  ob ta ined  from t h e  IMP-2 s a t e l l i t e  
[ 4 1  

Curve 3 i n  F ig .  I ,  which  c h a r a c t e r i z e s  t h e  f l u c t u a t i o n s  of 
t h e  nea r -ea r th  a tmospheric  p re s su re  a t  1 2 0 0  hours  U T ,  w a s  o b t a i n e d  
by averaging t h e  d a t a  from 7 Kurilo-Kamchatka reg ions .  According 

- t o  E51 t h e  c e n t e r  of one of t h e  zones of cyclogenesis* caused by 
t h e  Sun i s  l o c a t e d  i n  t h i s  a rea .  A s  may be seen  i n  Fig.1,  p re s -  
s u r e  v a r i a t i o n s  i n  t h e  regions examined are s t o c h a s t i c a l l y  con- 
n e c t e d  w i t h  t h e  f l u c t u a t i o n s  of so l a r  wind v e l o c i t i e s ,  s i m i l a r l y  
t o  t h e  tempera ture  f i e l d  of t h e  t roposphere  along t h e  Black Sea 
coast [l], A s  i n  [l], t h i s  connect ion has  an i n v e r s i o n a l  c h a r a c t e r ,  
i . e .  t h e  v a r i a t i o n s  of t h e  connection s i g n  t a k e  p l ace  wi th  change 
i n  t h e  i n t e r p l a n e t a r y  f i e l d  p o l a r i t y .  The passage of t h e  sector 
boundary does n o t  induce a change of  t h e  connect ion s i g n  i n  t h i s  
r e g i o n  every  t i m e  (11 August, 2 4  October); i f  , however, i n v e r s i o n  
does t a k e  p l a c e ,  it i s  observed a f t e r  t h e  passage of boundar ies  
( 3  and 31 August, 6 and 2 7  September, 3 and 1 7  October ) .  The 
c o r r e l a t i o n  f a c t o r s ,  r ,  c h a r a c t e r i z i n g  t h e  crowded s t a t e  of t h e  
n e g a t i v e  and posi t ive-connect ions and ob ta ined  by combination of 
t h e  f a c t o r s ,  are r e s p e c t i v e l y  e q u a l  t o  - 0 . 5 1  and 0.56. W e  compute 
t h e  va lues  of z ,  o z  and of t h e  p r o b a b i l i t y  P of a random corre- 
l a t i o n  f a c t o r  d e v i a t i o n  f o r  t h e  above va lues  of r by u t i l i z i n g  
t h e  F i s h e r  t r ans fo rma t ion :  t h e  n e g a t i v e  connect ion z = 0.563, 
a, = 0 , 1 2 7 ,  P < 0 , 0 0 0 1 ,  t h e  p o s i t i v e  connect ion z = 0,633, o z  = 
= 0,183,  P = 0 , 0 0 0 6 .  The values  o f  P thus  obta ined  are ev idence  
of  t h e  h igh  s i g n i f i c a n c e  o f  t h e  c o r r e l a t i o n  f a c t o r s .  
q u i t e  c l e a r l y  n o t  on ly  t h e  27-day r ecu r rence  of p r e s s u r e  peaks 
cor responding  t o  h igh-ve loc i ty  plasma f l u x e s  o r  t o  q u i e t  solar  wind 
p e r i o d s ,  b u t  a lso t h e  27-day r ecu r rence  of  i n v e r s i o n s  o f  t h e  con- 
n e c t i o n  s i g n ;  a t  t h e  same t i m e ,  some sector boundaries  w e r e  found 
t o  be m o r e  e f f e c t i v e  i n  t h i s  r e s p e c t  f o r  t h e  given r eg ions  (boundary 
of sectors 1-11 and II-III) ,  wh i l e  o t h e r s  d i d  n o t  induce such an 
i n v e r s i o n  (boundary of  sectors I I I - I V ) .  

F ig .1  shows 

Fig .1  a l s o  g i v e s  t h e  curve 2 showing i n  p e r c e n t  t h e  d e v i a t i o n s  
of t h e  c r i t i c a l  f r equenc ie s  f ,  of t h e  ionosphe re ' s  F2-layer f r o m  
t h e  monthly median ( M o s c o w ) .  The d e v i a t i o n s  w e r e  averaged f o r  t h e  
p e r i o d  f r o m  1 0 0 0  t o  1 4 0 0  hours LT. Comparison of curves  1 and 2 
shows t h a t  t h e  d i s t u r b e d  s t a t e  of t h e  F2-laver  can be c o r r e l a t e d  
w i t h  changes of S.W.V.  
s i g n  w i t h  t h e  excep t ion  of s e c t o r  I1 of t h e  r e v o l u t i o n  No. 1 7 9 6 ,  
where i n v e r s i o n  o f  t h e  connection s i g n  i s  observed a f t e r  t h e  passage 
of t h e  sector boundary on 2 4  October.  The c o r r e l a t i o n  fac tor ,  cal- 
c u l a t e d  by means o f  " v a r i a b l e  d i f f e r e n c e s "  

T h e  connect ion i s  c h a r a c t e r i z e d  by a nega t ive  

(so as t o  exc lude  long- 
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km/s  

k m / s e c  

k m / s e c  

k m / s e c  

b a r s  

Jl?P 
v o  +-------- ( O c t o b e r )  

F i g . 1 .  

1 )  C u r v e  o f  s o l a r  w i n d  v e l o c i t y .  The d o t t e d  l i n e  c o r r e s p o n d s  
t o  t h e  p o s i t i o n  o f  t h e  s a t e l l i t e  i n  t h e  b o u n d a r y  l a y e r  i n s i d e  
t h e  E a r t h ' s  m a g n e t o s p h e r e ;  2 )  c u r v e  o f  c r i t i c a l  f r e q u e n c y  d e v i a -  
t i o n s  f r o m  t h e  m o n t h l y  m e d i a n  i n  % ( A f , F 2 ) ,  a t  t h e  M o s c o w  s t a -  
t i o n ,  a v e r a g e d  f o r  t h e  p e r i o d  1 0 0 0  t o  1 4 0 0  L T ;  3 )  c u r v e  o f  t h e  

r i l o - K a m c h a t k a  m e t e o r o l o g i c a l  s t a t i o n s .  

f i e l d  a c c o r d i n g  t o  d a t a  f rom t h e  IMP-2 s a t e l l i t e  [ 4 ] ;  d o t t e d  
l i n e s  a r e  t h e  a s s u m e d  s e c t o r  b o u n d a r i e s .  F o r  e a c h  s o l a r  r e v o -  
l u t i o n ,  t h e  p o l a r i t y  o f  t h e  i n t e r p l a n e t a r y  f i e l d  i s  shown on  t o p .  
The  a s s u m e d  i n t e r p l a n e t a r y  f i e l d  p o l a r i t y  c o r r e s p o n d s  t o  t h e  
d o t t e d - l i n e  s e c t o r  b o u n d a r i e s .  S h a d e d  a r e a s  d e s i g n a t e  t h e  a b s e n c e  
o f  m e a s u r e m e n t s  on  t h e  IMP-2 S a t e l l i t e .  I - I V  a r e  a r b i t r a r y  s e c t o r  
n u m b e r s .  

n o - r - V - r t h  .._%.A " U L C . .  uL, , , "oy, ,LLAL - t m n o r r h n r i  p r e s s u r e  It 12OG E T ,  a v e r I " - ~  e-.. -1.. C n -  ? rr,- 

V e r t i c a l  s o l i d  l i n e s  a r e  s e c t o r  b o u n d a r i e s  o f  i n t e r p l a n e t a r y  
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p e r i o d  v a r i a t i o n s ) ,  i s  e q u a l  t o  - 0.57; z = 0,648, u z  = 0 ,115 ,  
P < 0 , 0 0 0 1 .  For a g iven  region and p e r i o d  t h e  drop of f o F 2  
co inc ides  i n  t i m e  w i t h  t h e  r a p i d  plasma flow p a s t  t h e  E a r t h ' s  
magnetosphere, whi le  t h e  inc rease  of f0F2  i s  a s s o c i a t e d  wi th  
q u i e t  so l a r  wind p e r i o d s  and t h e  passage of s e c t o r  boundaries .  
Although some of t h e  A f o F 2  do n o t  exceed 5-10% and t h e r e f o r e  
cannot  be c l a s s i f i e d  i n t o  the  ca tegory  of i onosphe r i c  d i s t u r -  
bances ,  i t  i s  impor tan t  t o  note  t h a t  even sma l l  day t o  day f l u c -  
t u a t i o n s  of e l e c t r o n  d e n s i t y  a r e  c l o s e l y  a s s o c i a t e d  w i t h  t h e  
v a r i a t i o n s  i n  t h e  parameters  of t h e  unperturbed s o l a r  plasma. 
The d i s t u r b a n c e  o f  t h e  n ight t ime ionosphere is  a l so  w e l l  co r r e -  
l a t e d  w i t h  s.w.v.; t h i s ,  however, f o r  a s h i f t  of  t h e  corresponding 
curve by several hours  w i t h  r e s p e c t  t o  curve 2 .  

Data on s Iw,v ,  f r o m  MARINER-% and PIONEER-6 w e r e  a lso compared 
w i t h  Af ,F2  ( M o s c o w ) .  C h a r a c t e r i s t i c  f o r  t h e  working pe r iod  of 
MARINER-2 [61  are t h e  more f requent  i n v e r s i o n s  of t h e  connect+-on 
s i g n  wi th  predominance i n  the  d u r a t i o n  of t h e  p o s i t i v e  connection 
A s h a r p l y  expressed  p o s i t i v e  connect ion i s  observed dur ing  t h e  
p e r i o d  of S.W.V.  measurement wi th  PIONEER-6 [ 7 ] .  On t h e  b a s i s  of 
an a n a l y s i s  of t h e s e  d a t a  w e  may conclude + h a t  t h e  n a t u r e  of t h e  
connec t ion  between ionospher ic  and magnetic d i s t u r b a n c e s  i n  a 
g iven  r eg ion  depends upon the  connect ion s i g n  of  S.W.V.  and t h e  
i o n o s p h e r i c  d i s tu rbance  c r i t e r i o n .  I n  t h e  case  of nega t ive  con- 
n e c t i o n  (see Fig .1)  i n c r e a s e s  of f o F 2  dur ing  q u i e t  solar  wind 
p e r i o d s  t a k e  p l a c e  i n  t h e  background of an undis turbed  geomagnetic 
f i e l d .  The predominance of  t h i s  type  of connect ion (nega t ive  d i s -  
t u rbances )  du r ing  pe r iods  o f  maximum and dec reas ing  s o l a r  a c t i v i t y  
a t  h igh  and medium l a t i t u d e s  provided a b a s i s  f o r  concluding [8]  
t h a t  t h e r e  i s  no connect ion between p o s i t i v e  d i s tu rbances  and t h e  
geomagnetic a c t i v i t y .  On the  o t h e r  hand, i n  t h e  case of p o s i t i v e  
connec t ion  t h e  i n c r e a s e  of K dur ing  pe r iods  of passage o f  high- 
v e l o c i t y  f l u x e s  w i l l  correspgnd t o  an i n c r e a s e  of f 0 F 2 ;  however, 
when Af,F2 exceed + 2 0 %  , it w i l l  correspond t o  p o s i t i v e  d i s tu rbances .  
I f  t h e  connect ion s i g n  of S.W.V. and Af0F2 i s  mainly determined by 
t h e  sec tor ia l  s t r u c t u r e  and p o l a r i t y  of t h e  i n t e r p l a n e t a r y  f i e l d ,  
t h e  b a s i c  importance of s tudying  t h i s  a s p e c t  of  i n t e r p l a n e t a r y  f i e l d  
i n t e r a c t i o n  wi th  t h e  E a r t h ' s  magnetosphere, becomes obvious. 

A s  may be seen  from Fig.1,  an i n c r e a s e  of foF2  t a k e s  p l a c e  be- 
f o r e  t h e  E a r t h ' s  magnetosphere h i t s  t h e  f a s t  plasma j e t ;  t h i s  i s  
fol lowed by a s h a r p  drop of f 0 F 2  and t h e  development of nega t ive  
d i s t u r b a n c e s .  When t h e  corresponding Af ,F2 are high ( s c a l e  2-3) 
t h e i r  combination may c o n s t i t u t e  a two-phase d i s tu rbance .  Dis tur -  
bances  3-7 August, 3 September, and 19-20  October (with r e s p e c t  t o  

type .  More o f t e n ,  however, p o s i t i v e  d e v i a t i o n s  p r i o r  t o  nega t ive  
d i s t u r b a n c e s  do n o t  exceed 5-10?. From t h e  d e t a i l e d  matching of 
cu rves  1 and 2 it fo l lows  a l s o  t h a t  t h e  i n t e n s i t y  and c h a r a c t e r  of 
t h e  D, t -var ia t ion  of  foF2  a r e  t o  a s i g n i f i c a n t  e x t e n t  determined by 
t h e  d i s t r i b u t i o n  of  S.W.V. w i th in  the given s e c t o r .  

FertlLrbatien =f 4-h- n;crht+;mrr AI IYI ILLAl t tL  ~ u l ~ u a y ~ 1 c ~ ~  ;----..Le-- - - * -  may L- uc L C L C ~ L C U  - - A = - - - - J  LO siich a 
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Examination of t h e  temporal course of mean d r i f t  velocit ies 
of ionosphe r i c  inhomogeneities i n  t h e  F2-and E-layers  ( K a t s i v e l i  
s t a t i o n ,  C r i m e a )  i n d i c a t e s  a t r e n d  toward a sha rp  i n c r e a s e  i n  
d r i f t  veloci t ies  dur ing  those pe r iods  when t h e  Ea r th  i s  l o c a t e d  
i n  h igh -ve loc i ty  plasma f l u x e s .  The change i n  t h e  s i g n  of t h e  
ionosphe r i c  p e r t u r b a t i o n  and of t h e  Kp dependence t h a t  i s  of 
d r i f t  v e l o c i t y  t o  an i n v e r s e  f u n c t i o n ,  dur ing  t r a n s i t i o n  from 
moderate t o  e q u a t o r i a l  l a t i t u d e s  [5,101, is also evidence  of t h e  
e x i s t e n c e  of a common cause r e spons ib l e  f o r  an i n c r e a s e  i n  p e r t u r -  
b a t i o n  and d r i f t  v e l o c i t i e s  i n  t h e  ionosphere.  

The very e x i s t e n c e  of a l i n k  between S.W.V.  and Af,F2 could 
have been expected,  s t a r t i n g  from t h e  presence of an i n t i m a t e  cor- 
r e l a t i o n  between S.W.V.  and t h e  K - index and between Kp and Af,F2. 
I n  view o f  the  c l ea r ly  expressed  'response" of t h e  ionosphere 
even t o  s m a l l  v a r i a t i o n  i n  s.w.v., we may assume t h e  presence of  
a deep c a u s a t i v e  phenomenon connect ion.  T h e  maximum f l u c t u a t i o n s  
of  f , F 2  and h'F2 are observed i n  t h e  au ro ra  zone t i e d  up t o  coastal  
sea reg ions  [ l l l .  From t h i s  zone a c o u s t i c  g r a v i t a t i o n a l  waves [121 
propagate  i n t o  l o w  l a t i t u d e s ,  t h e s e  being gene ra t ed  dur ing  t h e  
passage of  t h e  Earth through t h e  shock  wave f r o n t .  

I n  t h e  example considered he re  t h e  e f f e c t  of sec tor ia l  s t r u c t u r e  
of t h e  i n t e r p l a n e t a r y  f i e l d  is less pronounced i n  t h e  ionosphere 
than  i n  t h e  t roposphere .  A g r e a t e r  "response" of t h e  ionosphere i s  
c h a r a c t e r i s t i c  f o r  t h e  pe r iod  dur ing  which MARINER-2 w a s  o p e r a t i n g .  

Measurements of S.W.V.  and of t h e  l o c a t i o n s  ( p o s i t i o n s )  of t h e  
magnetopause and o f  t h e  l ead ing  shock wave, performed w i t h  satel-  
l i tes  of t h e  VELA-2 se r ies ,  have shown t h a t  t h e  s h i f t s  of the, magneto- 
pause  and t h e  shock wave, t ak ing  p l a c e  a t  h igh  speeds ,  a r e  connected 
w i t h  t h e  change i n  p r e s s u r e  of s o l a r  plasma and are c o r r e l a t e d  w i t h  
t h e  Kp-index and, consequent ly ,  wi th  S.W.V. [ 1 3 ] .  When t h e  shape 
and s i z e  of t h e  magnetosphere change, hydromagnetic and a c o u s t i c  
g r a v i t a t i o n a l  waves are e x c i t e d ,  and t h e  a c t i o n  of t h e s e  waves re- 
s u l t s  i n  a more i n t e n s e  c i r c u l a t i o n  i n  t h e  upper atmosphere. D i s s i -  
p a t i o n  e f f e c t s  of  magnetohydrodynamic waves i n  t h e  ionosphere mani- 
f e s t  themselves i n  a d i s r u p t i o n  of  t h e  temperature  regime and i n  
cor responding  changes of t h e  e f f e c t i v e  recombination c o e f f i c i e n t  
and of  t h e  photochemical r e a c t i o n s  rate [14]. S p a t i a l  displacements  
o f  t h e  shock wave and of t h e  magnetopause are l i k e l y  t o  c o n t r i b u t e  
t o  t h e  e x c i t a t i o n  of i n t e r n a l  g r a v i t a t i o n a l  waves, which man i fe s t  
themselves  i n  t h e  propagat ion of ionosphe r i c  d i s tu rbances  i n  v e r t i c a l  
and h o r i z o n t a l  d i r e c t i o n s .  The r a p i d  t r ansmiss ion  of  d i s t u r b a n c e s  
f r o m  t h e  upper atmosphere i n t o  t h e  s t r a t o s p h e r e  and t roposphere  
r e s u l t s  i n  an a c t i v a t i o n  of Sun-induced a c t i o n  c e n t e r s  of t h e  atmos- 
phe re  and of subsequent  v a r i a t i o n s  i n  t h e  macrosynoptic process .  
E n e r g e t i c  c o n s i d e r a t i o n s  c0mpE.l us  t o  assume t h e  e x i s t e n c e  of an 
enhancing mechanism i n  t h e  a c t i o n  of t h e  s o l a r  wind upon t h e  E a r t h ' s  
magnetosphere,  i n  which v a r i a t i o n s  of s . w . v .  c o n s t i t u t e  a modulating 
a g e n t  [ 151 .  To t h i s  w e  must add t h a t  t h e  p o l a r i t y  of t h e  i n t e r -  

- 
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p l ane ta ry  f i e l d  poss ib ly  p l a y s  t h e  role of an e x t e r n a l  c o n t r o l  
voltage i n  a t r i gge r  mechanism whose ac t ion  determine t h e  direc- 
t i o n  of a series of geophysical processes. 

Naval Hydrophysical  I n s t i t u t e  
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