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STRUCTURE OF TEE SOLAR CORPUSJJLAR STREAN AND-X!S 

I"ERACT1ON WITH THE EARTB'S MAGNETaSpBEIzE * ---_ -- 

Issl,gos~ch,Prostranstva, 
Trudy Ysesoyuznoy konferents i i  
PO fitike kosmich. prostranstva, 
368 - 381, I td .  ?'NAUKB11, Sep, 1965. 

S U M M  A R P 

Basing themselves upon various "probe" and ground observations 
w i t h  par t icu lar  reference t o  the r e s u l t s  of observations by Mariner-2 
IMP-1 and other a r t i f ic ia l  s a t e l l i t e s ,  the authors c l ea r ly  establlsh 

the  determinant role of corpuscular stream's magnetic f i e ld  in the 

t r ans fe r  of perturbations t o  E a r t h l s  maptosphere .  These comparisons 
suggest t h e  existence of a d i r e c t  cor re la t ion  between the Di-variations 
of t h e  geomagnetic f i e l d  and the f i e l d  var ia t ions  beyond the limits of 
t h e  Earth's magnetosphere. It is t o  be noted tha t  these peculiarities 

of stream's magnetic f i e l d  in te rac t ion  with the Ear th ' s  magnetosphere 
may, a t  fur ther  quantitative development, be expiained by the scheme 
e a r l i e r  considered by one of t he  authors [28], 
f o r  the  part or  e n t i r e  plasma accelerat ion of the  upper magnetosphere, 
attending the  geomagnetic variations. A t  t he  same time the propert iee  of 
the s t rongly magnetized co l l i s ion le s s  plasma of the magnetosphere, allow- 
i n g  the  penetration and t h e  progress of the s o l a r  f lux in the form of a 
magnetic piston,external r e l a t ive  t o  magnetosphere f i e ld ,  mt be taken 

jus t  as would be the  case 

i n t o  account. 

* * * 
l.-Wben attempting t o  a n s w e r  the question as t o  how the s o l a r  

corpuscular stream yields its energy t o  the E a r t h ' s  magnetosphere and 
- 

* STRUKTURA sow~cmo~o KORPUSKULXLIOC~O POTOKA I VZAIMODEYS'PVIYE YEZO 
S MAGNITOSFEROY Z m I .  



2. 

for the  understanding of nprobett measurements of the  magnetic f i e l d  and 

plasma in the  in te rp lane targ  and near-Earth space by means of rocket6 and 
s a t e l l i t e s ,  one must hare a representation of the s t ruc tu re  of the corpus- 

cu lar  stream. I n  the  solar atmosphere, t h a t  is, in the ac t ive  region, where 
thegeoeffective corpuscular stream is generated, in the  in te rp lane tary  me- 
dium and in the  grea te r  par t  of the Earth 's  magnetosphere,the number 

This means, t h a t  the  dgnamics of the plasma a re  determined by the f i e l d ;  
a t  the same time, t h i s  is done not only by its magnitude, but by its strac- 
ture ,  i t s  geometry in the e n t i r e  volume and by its possible var ia t ions,  

For the  substant ia t ion of the two positions,we u t i l i e e d  the  obser- 
va t ions  in the basic magnetic vector, obtained on Mariner-2, I"-1 -6 

other  probes. 
a) The magnetic f i e l d  (and probably the plasma) of the  geoeffective 

corpuscular stream corresponds t o  a model of stream consis t ing of a series 
of d i sc re t e  large-scale plasmoids (tfPf-elementsn), having the i r  propert quasi- 
force-free magnetic f i e l d  (which, f o r  brevi ty ,  we shall subsequently c a l l  

the force-free f i e l d ) ,  Such stream s t ruc tu re  is a d i r e c t  consequence of the  
observed magnetic f i e l d s  i n  the Sun and the generation mechanism of the  

corpuscular stream in the active regions. 
b) The ex i s t ing  schemes of so l a r  corpuscular stream b t e r a c t i o n  

with the E a r t h ' s  magnetosphere must be revised, for the  ttprobe" measme- 

mente of magnetic vector at magnetosphere periphery and in the  nearest  vi- 
c i n i t y  of the Earth point ta a subs tan t ia l ,  i f  not determining role of  t h e  

magnetic f i e l d  of the  stream i n  the  process of corpuscular stream's ac t ion  

upon the  magnetosphere. 

2.- Measurements of xragnetic f i e l d s  in ac t ive  regions on the Sun 
at chroaosphere l e v e l  have shown [1,2], t h a t  there  e x i s t s  between the f i e l d  

vector H and the ve loc i ty  V the cor re la t ion  

H = p(r> V. 



Its analysis leads t o  the conclusion t h a t  i f  the parameter p is 

the  f i e l d  in the chromosphere has a force-free s t ruc ture ,  that  is, 

[rot I, El 1 0 .  

Pointing t o  the  va l id i ty  of the  cor re la t ion  (21, the observations 

lead t o  the conclusions t h a t  the force-free f ie lds  in the  chromosphere may 
be connected with the  photosphere by a tube of force, where the f i e l d  is 
bas ica l ly  a force f ie ld .  Observed also are i so la ted  force-free fielde 

having no connection w i t h  the  photosphere f ie ld ,  The e x m a t i o n  of the  
generation mechanism of corpuscular streams leads t o  the concept, t h a t  

only discrete plasmoids wi th  

can emerge from the ac t ive  region. 

proper  force-free magnetic f ields (H-elements) 

It should be also c l a r i f i e d  in w h a t  context there  is question here 
and subsequently of force-free magnetic f ie lds .  It is estimated in a l l  

cases tha t  there exists i n  a specific,bounded and usually 6mallvolume (or 
on a spec i f ic  surface) a magnetic f i e l d  of force and a current with a 
source. In case of a standard chromospheric (coronal) force-free magnetic 
f i e ld ,  the force source is located d e r  the photosphere, while f o r m  bola -  
t e d  plasmoid wi th  a nearly i n f i n i t e  conductivity one may consider on a spe- 
c i f i c  surface a slowly decreasing current and a f i e l d  of force having formed 
earlier, a t  plasmoid f i e l d  break-away from the field of active regions*. 
I n  t h e  bounded volume (or  surface) there is a d i rec t  link between t h i s  
force f i e l d  and force-free magnetic f i e l d  
ning bounded volume of plaema the cor re la t ion  [rotV,E]=O takes place. 
Being the most s tab le ,  the  force-free magnetic f i e l d  still necessar i ly  
di6integrate6,  remaining, however, still  force-free. The W t e g r a t i o n  
of the  force-free magnetic f i e l d  may be l inked w i t h  d i ss ipa t ion  processes 
(Joule current l o s ses  and so for th) ,  a6 wel l  a6 with the onset of convecti- 
ve and other i n s t a b i l i t i e s .  Thus, f o r  the case H = &H , where a= const, 
t he  f i e ld ,  according t o  [5], is unstable and the time of i n s t a b i l i t y  rise 

II 60 tha t  in the  e n t i r e  remail 

* Note t h a t  the formation of such broken-away and of ten  large magnetic 
f i e l d s  w i t h  plasrnoids is often observed during chromospheric f lares [33 
and in act ive prominences c43. 
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i s  estimated by the cor re la t ion  

where lo is  the cha rac t e r i s t i c  dimensions of the volume considered (where 
the f i e l d  H is force-free);  n is the plasma concentration in cm3 . It is 
easy t o  see t h a t  in the sca l e  of so l a r  a c t i v i t y  events in th-3 chromosphere 
and corona, where lea 109-10 cm, n< I O * *  + 108 CM-3, H - it$+ io oe, the time of 
i n s t a b i l i t y  accretion to (in t h i s  unfavorable case> I s  of the order 
For the  M -elements, to increases i n  the in te rp lane tary  medium by a t  l e a s t  
two orders. Therefore, i f  the charac te r i s t ic  time t - 
consideration [generat ion and egress of M-elements in the chromosphere and 

Sun t o  Earth ( t  616 - 10 see> is l e s s  t h a n  to, we  may approximately consi- 
der the magnetic f i e l d  as a stat ionary,  force-free formation. 

l 6 s e 0  

of the events under 

corona ( t  6 10 3 sec) ,  the motion of M-elements of corpuscular streams from 
6 

3.- The e n t i r e  macroscopic s t ruc tu re  of the  corpuscular stream, 

consis t ing of separate  M- elements, has the f o l l o w h g  pecul ia r i t i es .  

a) Each plasmoid with its proper magnetic f i e l d  is an independent 
element of the flux, which moves r a d i a l l y  preserving the  angular moment 
of Smls ro ta t ion .  That is  why the chain of M-elements is disposed along 
the isochrone, t h a t  is  along the Archimedes s p i r a l ,  the tangent i nc l ina t ion  
of which is  determined by t’he magnitude of r a d i a l  velocity.  The dimensions 
of each element h c r e e s e  w i t h  t i m e  so t ha t  the magnetic f i e l d  of the flnx 
spreads i n t o  the surrounding r a re f i ed  c o l l i s i o n l e s s  plaslaa mostly i n  the 
d i rec t ion  of the magnetic l i n e s  of force of the associated plasma flux 
with a veloci ty  

. 

V II! < V A  > 2 2,s- IO‘ c m  sec”. 
Ahead of the boundary of the M-element there  w i l l  propagate a super- 

sonic  shock (impact) magnetic piston, whose dimensions may be estimated 

(see C63) 
at 

b = - -  mi (M.4-1\ 2, 
me Qi 

where m i  is the mean ion mass of the f l u x  (in our  ca6e q~ 3/2 m a ) ;  5 is 
t h e  mass of the  electron;  

m1 

the Mach-AlfvBn number. I n  our cdse 6 6 2 

of co l l i s ion le s s  shock wave (and not the magnetic p i s ton) ,  moving ahead of 
the corpuscular flux’splasma, has been discuclsed in the w o ~ h  [7,8]. 

4zneZ ‘1. sZi= [---) is  the  i on  plasma frequency; MA is 
10’cm. The question of exis tence 
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b) The interplanetary medium, surrounding the H-elements, such as 
the  quiet so la r  wind l inked wi th  temperature diss ipat ion or continuous ex- 
pansion of solar atmosphere, moves r ad ia l ly  from the  Sun with a veloci ty  

7 4 3  107 cm sec.1 < v ~ ,  1~ 4 -t 6 10 cm secol, carrying along, 
according t o  [9], the t o t a l  magnetic f i e l d  of the Sun. olofng t o  the  pre- 
'sence of the orthogonal component of the f i e l d ,  there  sets in between the 
two magnetited fluxes, movicf: w i t h  r e l a t i v e  velocity,  an in te rac t ion  relain$- 
&@f t h a t  occurrini7the plasma f l o w  between two cyl indr ica l  w a l l s  in a 
magnetic f i e l d  having a f i e l d  compor;ent perpendicular t o  the direct ion 02 
plasma flow (see [lo] ), The problem is made more complex by the f a c t  t h a t  
the motion is sub-AlfvAn a t  close distance from the movin,f boundary of the  
M-element, where the f i e l d  is r e l a t ive ly  great ( 1 3 ~ 1 5 - 2 O y )  

distances the number MA 4 2  and in the  relnote periphery it may become >2, 
The second complicating circumstance cons is t s  i n  t h a t  it is necessary t o  
account for conductance anisotropy (as the  H a l l  currents  become here sub- 
s t a n t i a l ) .  For the  estimate of the d i s t r ibu t ion  uf the transverse ve loc i ty  
component of the  car r ied  surrounding quiet  wind, we u t i l i z e d  the  method of 

; at grea te r  

. calculat ion of gas hydrodynamic flow [lo]. The final r e s u l t  is brought out 
in Fig, 1, from which i t  follows t h a t  the maximum r a d i a l  veloci ty  in the  
car r ied  plasma medium is at ta ined at  a s igni f icant  distance from the  M - e l e -  
ments, There is  a c l ea r  asymmetry -in the d i s t r ibu t ion  of car r ied  plasma re- 
l oc i ty ,  qua l i ta t ive ly  coinciding with the d i s t r ibu t ion  pa t t e rn  of r a d i a l  
plasma and magnetic f i e l d  velocity according t o  Mariner-2 measurememts. 
Note t h a t  in the s t anda rd  model of a corpuscular stream ( the  so-called "laagne- 

t i c  bubble" C 1 1 -  133 or the continuous"magnetieed plasma jet" [le - 16 3)  
such d i s t r ibu t ion  of t h e  f i e l d  and of plasma veloci ty  is difficult to  obtain. 
The k i n e t i c  energy, t ransferred by the  M-element by means of the  magnetic 
f i e l d  t o  the associated plasma over the  e n t i r e  path from Sun t o  Earth (for 
t 
the energy of t he  N-element, equal t o  >1029 erg.  

c )  In the en t i r e ,  broad ( a 2 10 cm cross  sect ion)  , "peripheral" 
p a r t  of the corpuscular stream beyond the limits of M-elements, there  meet 
apparently be a magnetic f i e l d ,  bent along the  isochrone, the  d i rec t ion  of 

-1 3.7 days at Vr @ 5  lo7 cm sec does not exceed t e n  percent (1s) of 

13 



6 .  

of which must correspond t o  the magnetic po la r i ty  of the sequence of M- 
-elements, provided the  considered model is valid. The l a t t e r  preserve 
t h e i r  p o l a r i t y  corresponding t o  tha t  of the e f f ec t ive  magnetic dipole of 
the ac t ive  region correspondingly with the considered scheme of flux'e ge- 
nerat ion in the  Snn. Thus, the  d i rec t ion  of the magnetic l i n e s  of force 

Fig.1. - Distr ibut ion of the basic  parameters of the 
corpuscular stream according its cross  section. 

The dis tances  from the  axis of the stream a re  given along the  hor izonta l  
and are denoted by double circles;ro is the  c r n a c t e r i s t i c  dimension of 
the M-element; E is the eas te rn  p a r t  of the stream, W-the wes$ern one; 

I HI is the  modxle of the force-free f i e l d ;  1 - undistorted field, 2- 
t a k i n g  into account the deformation associated with the plasma; HA 3s the 
Nach-Alfv&n number (3)  ; F/ F,, is the  r e l a t i v e  force l inked with the  m e -  
t i c  v i scos i ty  and occurring a t  increase of associated plasma (4); V/V- 
is the  r e l a t i v e  r a d i a l  ve loc i ty  of the plasma ( 5 -  computed, 6 - average 
curve for fou r  corpuscular streams observed on Mariner-2). 

in the  e n t i r e  periFhery of the stream may be e i t h e r  from the  Sun ( i f  t he  
corpuscular streanmved in the given s o l a r  cycle (No. 19) from the ac t ive  
region of the %hemisphere), or toward the Sun ( i f  the corpuscular stream 
was generated in the S-hemisphere). 

According t o  the second, more complete publication of measurement 
data of the  magnetic vector  on Mariner-2 during the perturbed period from 
7 t o  10 October 1962 [17], analysis of the  s t ruc tu re  of the f i e l d  of the  so- 

lar corpuscular stream was conducted (see below). We s h a l l  note now only 
tha t , ( -  may be seen from Fig.21,the project ion of the f i e l d  vector on the  
e c l i p t i c  is directed toward the  Sun everywhere i n  the e n t i r e  i n i t i a l  (from 
13 30 hours - beginning of available information t o  14 40 hrs - boundary of 
the  forwardmovingma@etic piston) and vast  per ipheral  regions (from 0750 



hours of 8 October t o  1120hours  on the 9th-  end of information), and is 
7 disposed along the isochrone corresponding t o  ( V > + , 6  - 6 10 cm sec'l. 

Comparison of the geomagnetic disturbance from 7 t o  9 October with the ac- 
t i v e  regions i n  the  Sun C183 indicate  t h a t  in this case the corpuscular 
stream could move only from the act ive region ( qo = 8 O N ,  Lo = 258O) of t h e  
Sun's Northern hemisphere, which corresponds to  d i rec t ion  of t he  lines of 
force a t  periphery of t he  stream with S -  N polarity of stream'e W-elemente. 

A 
Fig. 2, - Vector of' the magne t i c  f i e l d  observed on Mariner-2 
(M - in a plcne peryendicular t o  t h e  e c l i p t i c ,  b in the  eclip- 
t i c  plane; the d i rec t ion  a t  the Sun is t o  the r i s t )  for 3 periods, 

a - 7 October 1962; A - beginning of information, BC - assumed shock 
f ront :  DF- intsrmediate zone, F~-boundary of t h e  first H-element;S- 7 Oet. 
1962: Fel -bound.of the Ist &element, #$-region above the  core of the  H- 
element, F boundary of the t h i r d  M-element. 3'2 -F* - boundaries of the - region of the force bo&ary f ie ld .  6- 9 Oct. second H-e?eenent, P2 
1962 : region of the  wes ern  periphery of the  stream: A = beginning of the 
period, A,, A*, - c h a r a c t e r i s t i c  va r i a t ions  of the  d i r ec t ion  of t he  vector 
or iented along t he  isochrones in the  maximum region of plasma's maximtun 
velocity.  The time is UT. 

- 3  

The Trolonged ( f o r  severa l  days) preservation of the  d i rec t ion  of the  
magnetic l ines of force at the pcriphery of corpuscular streams, and the 

changeover in f i e l d  d i rec t ion  (from the  Sun or a t  the  Sun) depending upon 
from what hemisyhere the corpuscular stream 
by the observations of the magnetic vector  on rtIMP-lw, when it w a s  beyond 
t he  limits of the magnetosphere and of the  shock wave front.  Noting t h e  

move6 (N or S), may be determined 
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the direct  connection between t h e  interplanetary f i e l d  and the magnetic 
f i e l d s  in the Sun, the authors of [193 es t ab l i sh  the prevalent direct ion 

of the in te rp lane tary  f i e l d  from the Sun or toward the Sun, along the  b o -  

chrone: t h i s  is the  r e s u l t  of processing of vas t  observation material 
covering numerous months. The duration of preservation of one di rec t ion  
of the  magnetic f i e l d  ( 3 4 days) is a l s o  concluded in t h a t  work from cross- 
modulation ana lys i s  (see F ig .2of  [19]) of the d i rec t ion  of the interplane- 
t a r y  f i e l d  r e l a t i v e  t o  the selected po la r i ty  of the magnetic f i e l d s  i n  the  

Sun. It is easy t o  see t h a t  the prolonged preservation of the d i rec t ion  of 
the in t e rp l ane tmy  f i e l d  cannot,in any way (as asser ted  by the authors) cor- 
respond t o  the usual, about da i ly  changeover in the po la r i ty  of the magestic 
f i e l d s  of ac t ive  regions i n  the center of the solar disk  ( and by no m e a n 6  
not greater)  

pub- 
l i shed  (more tham 3000 determinations of the magnetic vector) c20, 213, the 
di rec t ions  of the magnetic vector  in the in te rp lane tary  r8di.r~~ were examined 

by us. By the  s t rength of low Solar a c t i v i t y  during the period of these ob- 
servat ions (December 1963- February 19641,the prevalent d i rea t ions  of the 
majpetic f i e l d s  according t o  observations on I"-1 may be almost unmbiguoas- 
l g  compared with the  ac t ive  regions in the 8- or S-hemisphere, which are 

responsible f o r  the so-called M-fluxes. One may estimate i n  near ly  all these  
cases t h a t  the Earth w a s  s i t ua t ed  in the remote or nearby peripherj- of cor- 

For a l l  the 13 days when magnetic observations on THP-1 area 

. 

puscular streaas.  A t  the same time, the  r u l e  is confirmed t h a t  in the per i -  
phery of the corpuscular stream from the N-hemisphere the magnetic l i n e s  of 
force are directed from the  Sun, while from the  regions of the S-hemlsphere 

they are directed toward the Sun. This is seen from the  da ta  brought out 
i n  Fig. 3. 

It should be noted t h a t  the thane in tho dirWfb!l O f  fi81d86 

of l i n e s  force t o  the reverse,  which may be expected according t o  the  

"expanded bubble-type" corpuscular stream [I1 - 133, does not agree with 
the indicated observations on IMP-I. The change i n  the d i rec t ions  must ,  
according t o  t h i s  model, be taking place no more seldom, than at  every 
0.5 -c 1 day (at  rad ia l  velocity of the stream of 400 4 800 Bm sec" ), 

which i s  in sharp contradiction with the observations, For a wcontinuous jet"- 
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type stream no such magnetic f i e l d ' s  d i rec t ion  changeover can, generally 
speak.ing, be expected. Therefore, the experimental da tu  on the  per ipheral  
region of the  stream are in a sa t i s f ac to ry  agreement with the model consi- 

dered by us. As already noted [22], 
cu la r  stream with the r a r e f i e d  plasma associated with the motion of H-elements, 
where the magnetic f i e l d  has a quasicyl indrical  form, with f i e l d  amplitude 

modulation r e f l e c t i n g  the closed f i e l d s  of the chain of remote M-elements, 
cons t i tu tes  what is usual ly  ca l led  the "perturbed solar wind''. 

the  e n t i r e  outer7.region of the corpus- 

The f a c t  t ha t  the magnetic f i e l d  at stream's periphery is not simply 
a f i e l d ,  elongated and l inked with the Sun, follows also from the s t a b i l i t y  
of such type plasma flux. Rear the Sun, where the standard magnetohydrodynamic 

approximation is applicable,  t5e magnetized corpuscular stream is necessar i ly  
perturbed already a t  a distance of 2 +3R , as t h i s  w a s  shown in the  work 
(231. Far from the Sun, the jet  plasma flow i n  the  ex terna l  f i e l d  ( f i e l d  of 
the ac t ive  region) must necessar i ly  be endowed with ro t a t iona l  i n s t a b i l i t y .  
C243. However, observations on Mariner-2 in the  perfod from 7 t o  9 0ct.1962 
point t o  the modulation of the  value and d i rec t ion  of the f i e l d  vector  a t  
strecam's periphery (and not t o  the ro t a t ion$) ,  which r e f l e c t s  closed magne- 
t i c  f i e l d s  of remote M-elements. I n  t h i s  case ( d i r e c t  connection between the 
stream's periphery f i e l d  and M-elements), bhere can be no i n s t a b i l i t y ,  

0 

. 

4. -According t o  the f i r s t  incomplete publication of measurement data 

of Nasiner-2 [25] 
on 7 October 1962 during a perturbed period, a s p a t i a l  model was b u i l t  of 
the  c e n t r a l  pa r t  of the corpuscular stream [26]. It WBB then possible  t o  
ascer ta in  two stream's s t r u c t u r a l  M-elements in which the  magnetic f i e l d  
had a force-free nature. An analogous analysis according t o  more complete 

publ icat ions of f i e l d  and plasma measurements on Mariner-2 E171 allows t o  
represent the f i e l d  s t ruc tu re  of separate H-elements. At the  sane time, the  
%onaxial" passage of I'hriner-2 through the corpuscular stre- was taken into 
account C71.Taking t h i s  circumstance i n t o  account , i t  is possible t o  separate  
th ree  portions of f i e l d  r eg i s t r a t ion  (from 1650 t o  2010 hours, from 2020 t o  

2340hours on 7 October and  from 2 3 S h o u r s  on the  7 th  t o  0250hours  on the 
8th.1, where the f i e l d  s t ruc tu re  corresponds t ohorce - f r ee  to ro ida l  f i e l d .  

of the magnetic vector  fer seven hours of observations 

a 
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The da ta  p lo t ted  in Fig.4have served 85 a ver i f i ca t ion  of the 
above. Converted for the mean values of the  Ha and HA components for 
the  three plasmoids (in re lat ive values), these were compared with the  
theo re t i ca l ly  computed values  of the force-free f i e l d  components. The ea- 
t i s f a c t o r y  agreement of the computed and experimental values of f i e l d  COP- 

ponents ( j u s t  as the  energet ic  c r i t e r i o n  

ap?lied f o r  t h a t  purpose in the  work C263) 
may serve a8 a corroboration of the f a c t  
t h a t  M-elements with force-free magnetic 
f i e l d s  are observed in the solar flux. 
The values of the f i e l d  at 14-elements' 

boundaries were not taken i n t o  account u I 3 
r=/36F/H,,fo) 

e 3  
0 4  7 a, : u 5 [  

- 2  
i L 
Q 
%I 

Q I f  

i n  these calculat ions,  for, judging by 
the sharo ro t a t ion  of the  f i e l d  vector, F i g . 4 .  - Zon?yrrison of the + 

(see f o r  example the F1F2 region in the caiculatcd node1 of a force-free 
f i e l d  with the  values of the 

Fi r .  2). a boundary force current  must be f i e l d  components EM and E, 
A 

measured on Marine:-2. nresent  in these sDots. This mag a l so  be * - - 
The r e l a t i v e  dis tances  from 
the  axis of H-elements are gi- . corroborated by ana lys i s  of deta i led  mea- 

surements of the r a d i a l  component of ven in abscissa,  and the  reia- - 

plasma veloci ty  a t  e igh t  energy level6 
of plzrsma's e l e c t r o s t a t i c  analyzer. 

t i v e  values are p lo t t ed  in or- 
dinates.- 1 - HI! /Ho ( 0 )  ; 
a-  HA /Hd (0); 3 - F i r s t  - 

element; 4 - second element ; 
5 - t h i r d  element. U t i l i z i n g  the course of plasma veloci ty  

r e g i c t r a t i o n  during the considered per- 
turbat ion from 1400 hours on 7 October t o  06 00 hours on 8 October 1962, 

p lo t t ed  in Fig.11of t h r  work c253, 
t i v e  "spectrum" of ve lodt ies  (energy) of the  plasma f o r  the moments of time 

i t  is possible t o  construct the rela- 

corresponding t o  peripheral  regions of the  stream, and f o r  the region corres- 
ponding t o  the  boundary of M-elements. !!%e appearance of the  second maximum 
on the  curve f o r  the lfspectrum", may serve as an ind ica t ion  of the  presence 

of a "force current" i n  t h a t  region. 
The assumption w a s  made in the works [7,8] t h a t  the magnetic f i e l d  

i n  the  tone of i ts maximum value according t o  measurements on Mariner-2, 
is simply a turbulent  f i e l d  of the stream, Such an in t e rp re t a t ion  of measure- 
ments on Mariner-2 is beset  with a s e r i e s  of d i f f i c u l t i e s  and it contra- 

d i c t s  the r e s u l t s  of observations, at l e a s t ,  as t h i s  would seem t o  US. 
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Taking advantage 
which are t o  a s ign i f i can t  degree apvlicable t o  the in te rp lane tary  m e d i u m ,  
i t  is possible, f o r  instance,  t o  estimate the inner sca le  of turbulence, 
t h a t  is the extremely small cha rac t e r i s t i c  dinension of the considered ioni- 
zed gas beyond the limits of which the motion (flow) is turbulent,  Applying 
the w e l l  known correlat ion6 [27] ,  w e  obtain t h a t  at concentration n -10 cm-3 

2 the f i e l d  is E --lo4 oe, w i t h  the reduced magnetic v i scos i ty  3’m S 1019 cm 
sec’l (as is well known, w e  should then take the grea tes t  value of the  

nagnctic v i scos i ty  in a di rec t ion  perpendicular t o  the f i e l d ) ,  at  gas flow 
veloc i ty  N 5 107 cm sec’l, the cha rac t e r i s t i c  inner  sca le  of turbulence 

of the concepts of turbulence of i n t e r s t e l l a r  gas [27], 

is % l o  13 cm.* This exceeds by nearly three orders the dimensions of f i e l d  

inhomogeneities i n  the corpuscular stream provided we consider them as a 
r e s u l t  of turbulence. I f  a l l  the observed va r i a t ions  of t h e  magnetic f i e l d  
were l inked w i t h  turbulence, w e  should obtain f o r  the cha rac t e r i s t i c  functio- 

2 n a ~  L = H: - H: a constant value along measurement t r a j ec to ry  I L\ rv E,, 
and &L < 0 ( assuming a developed i so t ropic  turbulence), which prec ise ly  
determines the turbulent i n s t ab i l i t y ,  For a force-free magnetic f i e l d ,  satis- 
fying the condition j =  bH,where a =  const, the  values of L must be aero 
everywhere. The estimate,  conducted for the considered three M-elements, 
noted by Mariner-2, has shown tha t  0 
t h a t  the f i e l d  Is not turbulent ( f o r  SL 7 01, i s  unsteady as an average, and 
a t  force-free s t ruc tu re  of the f i e l d  the parameter a is a function of coordi- 
nates**. The large-scale s t ruc ture  d the magnetic f i e l d  within the bounds 
of X-elements does not i n  any way exclude the appearance of i n s t a b i l i t y  of 

the f i e l d  in a c o l l i s i o n l e s s  plasma of the corpuscular stream. Then i t  is 
necez-xtrg t o  tal%-e i n t o  account t h a t  within the limits of M-elements, where 

A = err / E ~  > 1 

de tzmic in?  fac tor  of i n s t a b i l i t y  and of the general  s t ruc tu re  of the plasmoid 

is  the  geometry of the magnetic f i e l d  of the H-element. That is why the  con- 
t i nua l ly  occurring f i e l d  i n s t a b i l i t i e s ,  inherent t o  magnetized r a r e f i e d  
plasmas C63, 
general macroscopic s t ruc ture  inherent t o  the corpuscular stream. 

2 L < HI, . This points to the  fact 

( i n  the system of coordinates l inked with the  M-element) , the 

w i l l  appear and spread along the f i e l d ,  without changing the  

E* ]  ,- [The e n t i r e  o r i g b a l  2ussian sentence is extremely foggy and hardly 
i n t e l l i g i b l e .  Tramla t ion  i s  made with t h i s  reservation]. 
** Such an assumption was precisely made i n  the calculat ion of the force- 
f r ee  f i e l d  i n  re f ,  C263, during the ana lys i s  of measurements on Mariner-2, 



Incidental ly ,  by t h i s  is a l s o  determined the apFroach t o  the so lu t ion  of 
the  problem of the s t ruc tu re  of the corpuscular stream (by experimental data) ,  

where the main, determining parameter is  the measured vector of the  magnetic 
f i e l d .  Note t h a t  i n  all the  conducted ffprobelt measurements i n  the interplaneta-  
ry medium, the most informative a r e  the  magnetic measupernents, providing a t  
the given point the t o t a l  magmtic vector, whereas f o r  the plasma, only para- 
xeters of mainly one of the radial componenta aremeasured, These premises 

remain t o  a s i e i f i c a n t  degree 

IMP-1. 
in force when analysing the measurements on 

4Yr A 

Fig, 5. - *'Spectratt of r a d i a l  plasma v e l o c i t i e s  
accarding t o  measurements on tfMariner =2f1. 

The ve loc i t i e s  ( i n  Ion sec") and the corresponding values of 
the e l e c t r o s t a t i c  analyzer po ten t i a l  (in vo l t s )  are p lo t ted  i n  
abscissa;  the r e l a t i v e  values a re  p lo t ted  in ordinates. 
1- for 1400 hrs  on 7 O c t . ;  2- for 1600 hrs on 7 Oct.; 3- for 
0200 hra on 8 Oct.; 4 - f o r  2015 hrs on 7 Oct.; 5- for 1645 hra 
on 7 oct.1962.- The curves 1 - 3 a r e  r e l a t e d  t o  stream's periphery; 
the curves 4 -  5- t o  the boundaries of M-elements, where the force  

currents  are flowing. 

5,-Frorn the above representations of the  s t r u c t u r e  of a s o l a r  cor- 
puscular stream,it follows t h a t  i n  the process of ene rm t r ans fe r  from s o l a r  
f l u x  t o  magnetosphere, t he  essent ia l ,  i f  not the determining role must be 
played by the stream's magnetic field, by means of which pa r t  of the  energy 
of the moving s o l a r  plasma i s  precisely t ransfer red  t o  the  magnetosphere. 
This c i r c l e  of questions w a s  discussed in the work6 c22, 28, 291, Unfortunately 

i n  the vas t  l i t e r a t u r e  about the interaction of solar corpuscular streams with 
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the  Earth 's  magnetosphere the question of the  role t h i s  proobee of 
stream's magnetic f i e l d  in te rac t ion  is not considered. T h i s  question 3.6 
sti l l  made more complex by the f a c t  t ha t  a s e r i e s  of events, observed by 

rockets  and satel l i tes  (such a6 the standing shock wave from the daytime 

s ide ,  the nonlinear events and plasma heating etc.  between the shock wave 
f ron t  and the boundary of the magnetosphere and others)  may be explained 
by plasma supersonic flow past the Earth,  as w e l l  a8 by 15,ncursionfv (lor 
r e l a t i v e l y  ragid var i a t ion  at magnetosphere boundary) of the magnetic field 
with r a re f i ed  plasma (see, for example, the laboratory works [30] on the  
magnetohydrodynamic squeeeing and heating of plasma). Bowever, the available 
"probett measurements of the magnetic f i e l d  a t  Earth 's  boundaries and inside 

the  magnetosphere are d i f f i c u l t  t o  understand i f  one f a i l s  t o  account f o r  
the determining r o l e  of the  magnetic f i e l d  in the process of interactian 
s o l a r  flux- magnetosphere, This may be seen from the  following. 

a) We may compare the def lect ions from the  mean pos i t ions  of the 
observed magnetosphere boundaries and of the  shock wave f r o n t  determined 
on IMP-1 [20],with the index of geomagnetic disturbance A a t  the moments 
of time, close t o  in t e r sec t ion  by the s a t e l l i t e  of boundaries over ascend- 

i n g  o r  descending p a r t s  of the convolution, Such a comparison, brought up 
i n  Fig.6, shows tha t  the var ia t ion  of the magnetosphere boundary cor re l a t e s  
w i t h  the geomagnetic s t a t e  of disturbance, whereas for the pos i t ion  of the  

shock wave f r o n t  there  is an an t icor re la t ion  (see convolutions No. 5 + 14) 
for the azimuths of s a t e l l i t e ' s  t r a j ec to ry  d 6 ,  which are  Close in the 
e c l i p t i c  plane t o  the average (along the isochrone) d i rec t ion  of the stream's 
magnetic f ie ld .  In our opinion, the l a t t e r  is evidence of the spec i f i c  role 
of stream's magnetic f i e l d ,  defining the posi t ion of the  shock wave front, 
for a l l  the remaining parameters of the in t e rac t ion  process i n  these atiwtfhs 
have no p e c u l i a r i t i e s  of any s o r t .  

P 

b) On the IMP-1 magnetograms, published fo r  a few geomagnetically 
perturbed periods c201, one may see a very cha rac t e r i s t i c  event :  at  time 
of a r r i v a l  of the stream's magnetic f i e l d  (when the magnetic f i e l d  of t he  
in te rp lane tary  medium is increased by 2-  3 times) there  appears ins tead  of 
the  shock wave a cha rac t e r i s t i c  tangent ia l  break and t he  f t turbnlentff  tran- 
s i t i o n a l  zone disappears. This is c lea r ly  seen, for example, from the 



comparison of data  from IMP-1 f o r  20 December 1963 and 21 January 1964 
(see  Fig, 7, a 
f i e l d  of the stream there  takes place a sub-Alfvbn flow past the Earth 's  
magnetosphere. Since the plasma w i l l  not pass through the tangent ia l  break, 
the  determining role  at energy transfer t o  magnetosghere must be played by 
t he  stream's magnetic f i e l d .  

and 7 ,  6 ). Hence it follows, t h a t  at a r r iva l  of the magnetic 

. 

Fig.6, - Selat ionship between the def lec t ions  of magnetosphere 
boundary and shock wave f ront  posi t ions from the corresponding 
average positions w i t h  the l e v e l  of the state of geomagnetic 

disturbance 

a -  according t o  data r e l a t ed  t o  DQ-1 ent ry  from without into 
the turbulent region; 6- according t o  da t a  r e l a t ed  t o  IW-1 
entry from the turbulent region i n t o  the magnetosphere, AR3 
( c l ea r  c i r c l e s )  -def lec t ions  of the corresponding b o u n d q  
from its average posit ion,  shown i n  Fig, 28 of the  work c201, 
the sca le  being in Earth's  r a d i i -  on the right; A (dark circlee) - values of the index of geomagnetic s t a t e  of dis twbance,  the 
scale being in units of A - t o  the l e f t .  The numerals below 
denote the convolutions o? IMP-1 according t o  the work [20].  

c )  The cor re la t ions  of magnetic vector angles with the  l ine AES-SUN 

( 0  and 9) according t o  measurements on IMP-1, brought out i n  Figs, 3 and 8 a 
and 8 41, show the dependence of these angles i n  the t r a n s i t i o n a l  zone at 
magnetosphere boundary on the  d i rec t ion  of stream's magnetic f i e l d  ( t h i s  
dependence is traced f o r  a l l  the  avai lable  days of observations). 

For the two cha rac t e r i s t i c  days (19 December 1963 and 21  January 1964) 
according t o  which it is possible, from com~>arisons with Solar events and 
observations far beyond the l id t s  of the  

presence of the  Earth 's  magnetosphere at the periphery of the  ~ 0 r p t l 8 ~ l a r  
streams, having arrived from t h e  ac t ive  regions N ( fo r  20 January 1964) and 
S- ( f o r  19- 20 December 1963) hemispheres, we presented the measured mawet ic  
f i e l d  vectors  according%he en t i r e  magnetogram (see  Fig,s 8, a and 8, 6 ) .  

-- - - 
magnetosphere,one may derive the 
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Fi r ,  7. - Fie ld  Vectors on "I"-lf1. 

The hours are given along horizontal  axe6 (UT). a -20 D e c  1963. The 
Earth is s i tua t ed  i n  a stream fron t h e  ac t ive  region in Sun's S-hemi- 
sphere (region of the tangent ia l  break); d - 2 1  Jan. 1964,- The Earth 
is s i t u a t e d  in the flux from t h e  ac t ive  region in t he  H-hemisphere of 
the  S u n (  region of the  standing ehock wave), - The Sun ie t o  t h e  right. 

Pig. 8.- F ie ld  Vectors according to da ta  from INP-1 in the  
i n  the region between the  magnetosphere boundary and the 

shock wave front.  

The hours are given along the horizontal  axes (El!).- a- 19 December 1963. 
The Earth is  s i tua t ed  i n  the  stream from the ac t ive  region of the  S-hemi- 
sphere of the  Sun; 6 - 2 1  January 1964.- The Earth is s i t u a t e d  a t  the  pe- 
r iphery of the  stream fron  the ac t ive  region of Stlp's l?-hemisphere. 

(The Sun is t o  the r i g h t ) ,  
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It follows from these figures a d i s t inc t ion  i n  the  e f f e c t s  at magnetosphere 

boundary (Figs. 9 a and d ), rendering evident the deep penetration of the  
s t ream's  f ie ld .  A t  the  same t h e  i t  may be seen t h a t  i n  the  t r a n s i t i o n a l  
zone and near the  magnetosphere boundary there  takes place a cha rac t e r i s t i c  

r o t a t i o n  of the  f i e l d  vector. This is close t o  what should be observed at 
magnetic p i s ton  aot ion in a magnetixed plasma (simple Alfvin waves of rare- 
fac t ion ,  r o t a t i o n a l  break and shock waves). A t  the same time, simple compres- 
s ion  waves, t h a t  should be present a t  determining r o l e  of stream's incident  
plasma, are absent. This preliminary but  important conclusion on t he  character 
of i n s t a b i l i t y  i n  the t r a n s i t i o n a l  tone requi res  corroboration by complemen 
t a r y  da ta  of f i e l d  and plasma observations in the t r a n s i t i o n a l  sone, par t i -  
cu l a r ly  a t  time of geomagnetic disturbances. 

d) A great  number of observations of the  magnetic f i e l d  in t he  in t e r -  

planetary space and a t  magnetosphere boundary are cur ren t ly  already available. 
They point  t o  t h e  direct corresgondence of f i e l d  var ia t ions  observed in t h e  
in te rp lane tary  medium and on the Earth's surface. This has been es tab l i shed  
from observations on Pioneer-5 L311, Explorer-= [321, Mariner-2 E223 and 
other  probes. From t h i s  viewpoint i t  is of i n t e r e s t  t o  consider one of t he  
observations of SC of the  geomagnetic disturbance of 2 December 1963, noted 
on IMP-1 a t  a distance of - 2 10 c m  ( t h a t  is, far beyond the Units of 
the magnetosphere) and a f t e r  ~3 min. on ground observatories. 

. 

9 

One may attempt, as is often done, t o  e.xpla5-n the correspondence 

( i n  any case of r e l a t i v e l y  rapid var ia t ions  of the f i e l d  with frequencies 
6) 2 loo2 sec") of e x t r a t e r r e s t r i a l  and terrestrial f i e l d  va r i a t ions  by 
the propagation from magnetosohere boundaries t o  Earth of t ransverse hydro- 

mawet ic  s h o c k  waves. fiowever, a simple propagation t o  E a r t h  of hydro- 
magnetic waves may be made complex by the following circumstances: 

a )  because of d i s in tegra t ing  i n s t a b i l i t y  of dlfvdn waves i n  the  magne- 

tosphere and bevond i ts  limits 1333, 
ence (with phase preservation) between the  extramagnetospheric and 
t e r res t r ia l  f i e l d  var ia t ions  becomes improbable ; 

b) according t o  calculat ione of the  work [*I, hydromagnetic waves 

the  p o s s i b i l i t y  of complete correspond- 

may reach the Earth 's  surface only under s t rongly  l i m i t e d  conditions. The 
presence of iilfv4n veloci ty  m a . x i m m  i n  the lower magnetosphere rules out  the  
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p o s s i b i l i t y  of propagation toward  the  Earth of 
quency hydromagnetic waves. 

llobliquell bearms of low-fre- 

Z i r ,  9. = Fie ld  Vectors 02 IF!P-l in the  region between the  
boundary of the  magnetosphere (N) and the  shock wave f ron t  

and i n  the magnetosFhere (14Mc) 

Time is given on horizontal  axes (UT); a - 2 0  Dec 1963 (vector 
lengths  have been reduced fou r  times by comparison with the  
lengths  of vectors  in Fig, 9 6). The Earth is located i n  the 
stream from the  ac t ive  region in the  S-hemisphere of the  Sun: 
6 - 21 January 1964. The E a r t h  is s i tua t ed  at periphery of the 
emerging from the  active region i n  the'N-heasphere of the  Sun, 

(The S u n  is t o  the r i g h t ) ,  

The observation6 of f i e l d  va r i a t ions  on DfP-1 al low,  a t  Comparison 
with the r e g i s t r a t i o n s  of the f i e l d  by magnetic observatories,  to  obtain 
adci t iona l  da t a  on the  correspondence,in feebly-perturbed periods of D i g  
-var ia t ions a d  on bay-like perturbations,  t o  the  va r i a t ions  of the  f i e l d  
r eq i s t e red  by IMP-1. 

For example, on 19 December 1963, during the period 22 18 - 22 42 hre 
there  were r ec i s t e red  on IMP-1, which at  t h a t  t i m e  w a 6  loca ted  a distance 
of nearly 1 8 ~ ~ .  t h a t  is, far beyond the limits of the  magnetosphere and 
of the  shock wave f ront ,  var ia t ions  of the  angles 8 and V (Fig, 10). These 
may be interTreted as a passage by IMP-1 of the  boundary of a corpuscular 
stream. Sharp va r i a t ioas  of the  elements of t e r r e s t r i a l  magnetism were 
noted i n  ground observatories wita a lag of a f e w  minutes. On7 January 1964, 
when DIP-1 was at about 30B~, t h a t  is, i n  the in te rp lane tary  medium, the 



var i a t ions  of t he  angle8 8 and v (Mg.10)  (and  the  simultaneous small 
va r i a t ions  of the  module of t h e  f i e l d  vector  F) w e r e  i n  good agreement 
with the  var ia t ions  of the geomegnetic elements accordinp; t o  t h e  da ta  f r o m  
ground observatoriee. 

Therefore, conparison of ground 
arrd "probe" obrervations point suf f ic ien t -  
l y  c l e a r l y  t o  t h e  determining ro le  of t h e  

maEnetic f i e l d  of t h e  Etream i n  t h e  pro- 
ceF6 of disturbance t r a n s f e r  t o  E a r t h ' s  

maqne tosphere. These comparisons suggest 
t he  existence of a d i r e c t  congruence of 
Di-variation6 of t h e  geomagnetic f i e l d  

with f i e l d  var ia t ions  beyond the limits 
of the  E a r t h ' s  magnetosphere. Note t h a t  

the  scheme of 6t rea .m'~  magnetic f i e l d  
in t e rac t ion  w i t h  t h e  E a r t h ' s  magnetosphe- 

re, considered in t he  work by one of us 

t . H r u u .  
0c . .  

Fig, 10,- Fie ld  Vectors according t o  
da ta  from IXP-1 on 19 Decercber 1963 
i n  the in te rp lane tary  medium (AB)  
i n  the assumed stream boundary (BC) 
t h e  stream originat ing i n  the active 
region of the Sun i n  t h e  S-hemisphere, 

i n s i d e  tie stream (a) 

Fig. 1L - R e  fleckion i n  ground 
ma,-netogramP, of Earth's sagneto- 
sphere passage through the boundary 
of -  the stream (BC). 
1-3-Data from the p.!urmansk Observ. 
4 -  Variations of H at Leningrad 
Observatory. 5 - 7 - copy of p a r t  
of the IMP-1 magnetogram. Time is 

U.  T o  
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can explain, after further quant i ta t ive development, the above pecu3Aax-i- 
t i e s  of the influence of the stream's field, as well  as of the accelera- 
t i o n  of the whole, o r  part of the upper magnetosphere plasma accompanJrlng 

the  geomagnetic variations.  
A t  the  same t b e ,  account must be taken of the  propert ies  of tho 

st rongly magnetized co l l i s ion le s s  plasma of the magnetosphere, allowing 
the penetration and further ppsh in the form of magnetic piston of solar 
f lux 's  f i e l d ,  external  r e l a t i v e  t o  the magnetosphere. 

In conclusion the authors express t h e i r  deep grat i tude t o  V, I. 
Afanas'yeva, under whose leadership a s e r i e s  of materials and i l l u s t r a -  
t i ons  w e r e  assembled for t h e i r  u t i l i z a t i o n  in the work, concomitantly 

with the data from IMP-1, 

Con tract No .NAS -5-3760 Translated by BBDBE L.BBIC".P 
Consultante & Designers, Inc. 

Arlington, V i r g i n i a  
on 25- 27 October 1965 
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