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AB S TRAC T 

Theore t i ca l  t rea tments  of t h e  propagat ion of a s o l a r  f l a r e  

d is turbance  i n  i n t e r p l a n e t a r y  space d i scuss  a  b l a s t  wave expand- 

i ng  from the  sun a s  a c e n t e r  of symmetry. However, r e c e n t  observa- 

t i o n s  i n d i c a t e  t h a t  t h e  s o l a r  f l a r e  p i s t o n  o f t e n  i s  not  expanding 

i n  a  s p h e r i c a l l y  symmetric manner. I n  t h i s  no te  we examine some 

poss ib l e  causes of t h e  l ack  of s p h e r i c a l  symmetry, assuming the  

b l a s t  models a r e  e s s e n t i a l l y  co r r ec t .  It i s  found t h a t  f a i l u r e s  

of d i f f e r e n t  bas i c  assumptions underlying the  b l a s t  model lead t o  

d i s t i n c t l y  d i f f e r e n t  shapes f o r  t h e  propagating f l a r e  body. The 

shapes a r e s u f f i c i e n t l y  d i f f e r e n t  so t h a t  observa t ions  should soon 

be a v a i l a b l e  t h a t  w i l l  d i s t i n g u i s h  between t h e  models. 



The purpose of t h i s  no te  i s  t o  d i scuss  t h e  way i n  which a  d i s -  

turbance due t o  a  s o l a r  f l a r e  propagates through t h e  i n t e r p l a n e t a r y  

medium. Theore t i ca l  t rea tments  of t h i s  problem, f o r  example, Parker  

[1963] and Hundhausen and Gentry [1969], envis ion  a  b l a s t  wave ex- 

panding from the  sun a s  a  c e n t e r  of symmetry. The shock i n  such a  

sun-centered model w i l l  always be perpendicular  t o  t h e  ear th-sun l i n e .  

However, r ecen t  observa t ions  i n d i c a t e  t h a t  f l a r e  shocks a r e  o f t e n  

s t rong ly  t ipped t o  t h e  plane of t h e  e c l i p t i c [ ~ a m e  e t  a l . ,  1968; 

Hirshberg e t  a l . ,  1970; Greenstadt  e t  a l . ,  19691, i n d i c a t i n g  t h a t  t h e  

f l a r e  p i s t o n  i s  not expanding i n  a  s p h e r i c a l l y  symmetric manner. I n  

t h i s  no te  we examine some p o s s i b l e  causes of t h e  lack  of s p h e r i c a l  

symmetry under t h e  assumption t h a t  t h e  b l a s t  models a r e  e s s e n t i a l l y  

co r r ec t .  We f i r s t  b r i e f l y  review the  obse rva t iona l  evidence t h a t  t h e  

shocks a r e  not  perpendicular  t o  t h e  ear th-sun  l i n e .  Then we c r i t i c a l l y  

eva lua te  some of t h e  assumptions underlying t h e  b l a s t  model and g i v e  

q u a l i t a t i v e  arguments a s  t o  what would happen i f  each of t hese  assump- 

t i o n s  f a i l e d .  We f i n d  t h a t  f a i l u r e s  of d i f f e r e n t  assumptions lead  t o  

d i s t i n c t l y  d i f f e r e n t  shapes f o r  t h e  propagating f l a r e  body and conse- 

quent ly  t o  d i f f e r e n t  o r i e n t a t i o n s  f o r  t h e  shocks caused by t h e  super-  

sonic  propagation of t he  body through t h e  ambient s o l a r  wind. The 

published d a t a  on shock o r i e n t a t i o n  a r e  s t i l l  too fragmentary t o  permit 

d e f i n i t e  s e l e c t i o n  between two of t h e  p o s s i b l e  models. However, t h e  



d i s t i n c t i o n s  between t h e  shapes a r e  s u f f i c i e n t l y  g r e a t  so t h a t  ob- 

s e rva t ions  should soon be a v a i l a b l e  t h a t  w i l l  make t h e  choice  c l e a r .  

One source of evidence t h a t  f lare-produced shocks a r e  not  always 

perpendicular  t o  t h e  ear th-sun  l i n e  comes from geomagnetic storms. 

Since the  sudden commencements of t h e  l a r g e s t  storms a r e  be l ieved  t o  

be due t o  f lare-shocks,  t he  o r i e n t a t i o n  of t he  shocks may be i n v e s t i -  

gated by s tudying the  ~ s .  Akasofu and Yoshida 119671 found t h a t  t he  

s t ronges t  sudden commencements a r e  caused by c e n t r a l  meridian f l a r e s .  

These d a t a  i nd ica t ed  [ ~ i r s h b e r ~ ,  19681 t h a t  t h e  shock was expanding 

on a  broad f r o n t  but  wi th  cons iderable  dev ia t ion  from the  sun-centered 

symmetry of t he  b l a s t  models, a s  shown i n  Figure 1. Since f l a r e s  do 

not  occur a t  high s o l a r  l a t i t u d e s ,  t h e  s tudy of sudden commencements 

e s s e n t i a l l y  y i e l d s  a  two-dimensional p i c t u r e  of t he  shock f r o n t  r a t h e r  

than  a  three-dimensional one. The shape of t he  shock der ived  from ~s 

can be approximated a s  a  c i r c l e  of r a d i u s  0.6 AU centered a t  0.4 AU. 

A more d i r e c t  method of t e s t i n g  t h e  sphe r i ca l  symmetry of t h e  f l a r e -  

produced shock i s  t o  observe t h e  d i r e c t i o n  normal t o  t he  shock. Although 

many i n t e r p l a n e t a r y  shocks have been s tud ied  s ince  they were f i r s t  

descr ibed [Sonet t  e t  a l . ,  1964; s ee  a l s o  Wilcox, 1969, f o r  a  review], 

t h e r e  have been very few cases  i n  which a  d e f i n i t e  f la re -shock  i d e n t i f i -  

c a t i o n  could be made and, f o r  t h e  same event,  s u f f i c i e n t  d a t a  e x i s t e d  t o  

Fig. 1 

c a l c u l a t e  shock normals. However, t h r e e  events  have r e c e n t l y  been 



discussed i n  t h e  l i t e r a t u r e  i n  which t h e  f la re -shock  i d e n t i f i c a t i o n  

i s  we l l  e s t a b l i s h e d  and the  shock normal could be determined. On 

January 11, 1967, a  c l a s s  3B f l a r e  occurred a t  26"s)  47"W. The shock 

was observed on January 13 by Vela ' s  3A and 38 [ ~ a m e  e t  a l . ,  19681. 

The i n t e r s e c t i o n  of t h e  shock with the  e c l i p t i c  plane made an angle  

of about 70" wi th  t h e  ear th-sun l i n e  i n s t e a d  of t h e  90" expected f o r  

a s p h e r i c a l  b l a s t ,  while  the  l a t i t u d e  of t he  outward shock normal was 

35Onorthward i n s t e a d  of t h e  expected 0".  A second i n t e r p l a n e t a r y  

shock was caused by a  f l a r e  of importance 2 a t  34"N, 45"W. This shock 

has been t h e  sub jec t  of s e v e r a l  s t u d i e s  [van Al len  and Ness, 1967; 

Greenstadt  e t  a l . ,  19691, t h e  most comprehensive of which i s  t h a t  of 

Greenstadt  e t  a l . ,  who concluded t h a t  t he  shock normal lay  16" e a s t  of 

t he  s o l a r  r a d i a l  l i n e  and pointed 65" southward ( ins tead  of ly ing  i n  

t he  e c l i p t i c  plane).  A t h i r d  shock was caused by the  c l a s s  3 B  f l a r e  

of February 13,  1967, a t  20°N, 10°W. The i n t e r s e c t i o n  of t h e  shock 

with the  e c l i p t i c  plane made an  angle a t  80' wi th  t he  ear th-sun l i n e ,  

i n  reasonable agreement wi th  the  90' expected f o r  s p h e r i c a l  models of 

propagation. However, i n s t e a d  of ly ing  i n  t h e  e c l i p t i c  plane, t h e  

normal poin ted  60' southward [ ~ i r s h b e r ~  e t  a l . ,  19701. This normal, 

c a l c u l a t e d  from magnetic f i e l d  v a r i a t i o n s  ac ros s  t h e  shock, was i n  good 

agreement w i th  the  measured time l ag  between t h e  appearance of t h e  

on t h e  e a r t h ' s  su r f ace  and t h e  a r r i v a l  of t h e  shock a t  t h e  spacec ra f t  



magnetometers. Furthermore, t he  p o s s i b i l i t y  t h a t  t h e  s t rong  t i p p i n g  

of t h i s  shock was a l o c a l  e f f e c t  could be e l imina ted  by not ing t h a t  

post-shock s t r u c t u r e  i n  t h e  s o l a r  wind was a l s o  t ipped  a t  more o r  l e s s  

t h e  same angle  f o r  many hours a f t e r  t h e  shock had passed. 

These observa t ions  of ob l ique  shocks produced by s o l a r  f l a r e s  

show t h a t  no t  a l l  f l a r e  shocks a r e  expanding wi th  the  sun a s  a c e n t e r  

of symmetry a s  envisioned i n  t he  Parker  model and i t s  extensions.  A l -  

though t h e  sun-centered symmetry may be considered an  ad hoc assumption, 

an examination of reasonable j u s t i f i c a t i o n s  of t he  s p h e r i c a l  model i s  

u s e f u l  i n  ob ta in ing  an  understanding of t h e  impl ica t ions  of t h e  f ind ings  

t h a t  t he  propagat ion of t h e  b l a s t  wave depa r t s  s i g n i f i c a n t l y  from 

s p h e r i c a l  symmetry. 

A sun-centered symmetric model would be appropr ia te  i f  t h e  f l a r e  

occurred a t  t h e  o r i g i n  of coordinates ,  i n  a s p h e r i c a l l y  expanding s o l a r  

wind i n  which a l l  p r o p e r t i e s  (such a s  ve loc i ty ,  dens i ty ,  e t c . )  were 

func t ions  of r only. Fur ther ,  i t  must be assumed t h a t  t h e  f l a r e  p a r t i c l e s  

a r e  not  p r e f e r e n t i a l l y  acce l e ra t ed  a t  any angle.  For example, t h e  energy 

of t he  f l a r e  may be assumed to be de l ive red  t o  t h e  p a r t i c l e s  i n  t h e  

form of hea t .  Then t h e  equat ions desc r ib ing  t h e  propagat ion of t h e  

f l a r e  plasma through space w i l l  depend on - r alone. I f ,  i n  add i t i on ,  t h e  

energy dens i ty  of t he  bulk motion of t he  f l a r e  p i s t o n  plasma (measured 

s u b s t a n t i a l l y  
r e l a t i v e  t o  t he  ambient s o l a r  wind)/exceeds t h e  magnetic energy d e n s i t y  



of t he  i n t e r p l a n e t a r y  plasma, t he  f l a r e  plasma w i l l  dominate t he  

flow r a t h e r  t han  being channeled by t h e  ambient i n t e r p l a n e t a r y  f i e l d  

(barr ing i n s t a b i l i t i e s  t o  be d iscussed  l a t e r ) .  Observations i n d i c a t e  

t h a t  t h i s  cond i t i on  i s  met f o r  t he  s o l a r  f l a r e  p i s t o n  plasma. 

The most obvious po in t  a t  which t h e s e  approximations a r e  a t  va- 

r i ance  with t h e  known f a c t s  i s  t he  assumption t h a t  t he  f l a r e  takes  

p lace  a t  t he  o r i g i n  of a s p h e r i c a l l y  symmetric medium. Ins tead ,  t he  

f l a r e  occurs  i n  an  atmosphere a t  a po in t  about 1 R, ( s o l a r  r a d i u s )  

from t h e  o r i g i n  of coordinates .  However, we s h a l l  argue t h a t  t h e  e f -  

f e c t s  of t h e  sun and i t s  atmosphere on the  shape of t h e  b l a s t  seen a t  

t he  e a r t h  w i l l  be small  f o r  f l a r e s  occurr ing  on t h e  v i s i b l e  d i s c  of t h e  

sun. The d e n s i t y  of t he  s u n ' s  atmosphere f a l l s  o f f  r a p i d l y  so t h a t  t h e  

dens i ty  a t  5 R, i s  2 X t he  dens i ty  a t  1 R,, whi le  a t  10 Ro, t h e  

dens i ty  i s  on ly  2.5 X t h e  su r f ace  va lue  [Newkirk, 19671. Thus 

a t  10 R,, t h e  f l a r e  plasma can be considered f r e e  from t h e  d i r e c t  e f f e c t s  

of t he  atmosphere. Fur ther ,  s i n c e  t h e  r ad ius  w i t h i n  which the  s o l a r  

atmosphere r o t a t e s  r i g i d l y  wi th  t h e  sun i s  probably l e s s  than  3 Ro 

[Newkirk, 19671, t he  f l a r e  p i s t o n  plasma can be considered t o  have 

emerged i n t o  t h e  s o l a r  wind and t o  be propagat ing according t o  t h e  va- 

r i ous  extended b l a s t  models by the  time i t  reaches 10 R,. F igure  2 i s  Fig. 

a s c a l e  drawing showing t h e  e a r t h  a t  215 R, and t h e  p i s t o n  plasma 

emerged i n t o  t h e  s o l a r  wind a t  10 R,. It i s  seen t h a t  10 R, i s  



s u f f i c i e n t l y  c l o s e  t o  t h e  o r i g i n  so  t h a t  i t  i s  reasonable t o  expect 

t h e  e f f e c t s  on t h e  wave shape a t  215 R o  t o  be n e g l i g i b l e  f o r  f l a r e s  

occurr ing on t h e  v i s i b l e  hemisphere. (The presence of t he  sun a t  t h e  

o r i g i n  w i l l ,  of course,  s t rong ly  a f f e c t  t h a t  p a r t  of t h e  wave t h a t  i s  

propagating back toward the  sun. Thus, t h e  shock from f l a r e s  occurr ing  

on the  f a r  s i d e  of t h e  sun would be expected t o  be h ighly  d i s t o r t e d  

from t h e  sun-centered symmetric model.) 

There a r e  t h r e e  approximations t h a t  must be explored f u r t h e r :  

1. The f l a r e  p a r t i c l e s  a r e  not  p r e f e r e n t i a l l y  acce l e ra t ed  

a t  any angle. 

2. The ambient s o l a r  wind q u a n t i t i e s ,  such a s  temperature,  

dens i ty ,  ve loc i ty ,  e t c . ,  a r e  func t ions  of 2 alone. 

3. The flows a r e  w e l l  behaved i n  t h e  sense t h a t  t h e r e  a r e  no 

i n s t a b i l i t i e s  t h a t  cause l a r g e  s c a l e  a l t e r a t i o n s  i n  t h e  flow. 

The p o s s i b i l i t y  of t h e  f a i l u r e  of each of t h e s e  approximations w i l l  

be  discussed i n  turn.  

1. There i s  no gene ra l ly  accepted model of f l a r e s  so t h a t  one 

cannot p r e d i c t  i f  t h e  f l a r e  p a r t i c l e s  a r e  p r e f e r e n t i a l l y  acce l e ra t ed  

a t  some angle.  I n  t h e  lower reg ions  of t h e  corona, t h e  s o l a r  atmosphere 

i s  q u i t e  dense; and i t  might be argued t h a t ,  however t he  energy was 

o r i g i n a l l y  de l ivered ,  c o l l i s i o n s  r e d i s t r i b u t e  i t  a s  heat .  However, 

f u r t h e r  channeling of t h e  beam may occur a s  t he  p i s t o n  plasma r i s e s  



through the  corona. I f  f l a r e  plasma leaves  the  sun wi th  a s i z a b l e  

amount of d i r e c t e d  motion, then  t h e  a n a l y s i s  t h a t  i s  appropr ia te  t o  

t he  problem would be t h a t  of a supersonic j e t  propagat ing through a 

r a d i a l l y  expanding medium. This i s  a d i f f i c u l t  mathematical problem, 

and no t h e o r e t i c a l  c a l c u l a t i o n s  e x i s t  t o  compare t o  t h e  p re sen t  r e s u l t s .  

However, j e t s  t h a t  propagate  a s  bodies  of r evo lu t ion  about t h e  s o l a r  

r a d i a l  d i r e c t i o n  cannot produce shock shapes t h a t  exp la in  a t  t h e  same 

time the  o b l i q u i t y  of t h e  shocks observed i n  space and a l s o  t h e  s i z e s  

of t h e  sudden commencements of t h e  storms caused by s o l a r  f l a r e s  

appearing on t h e  f a r  limbs of the  sun. To s e e  t h i s ,  we note  t h a t  t he  

s i z e s  of sudden commencements imply t h a t  t h e  shock i s  expanding a s  

shown i n  Figure 1. I f  t h i s  broad f r o n t  i s  considered a s  r ep re sen t ing  

a body of revolu t ion ,  t hen  t h e  l a t i t u d e s  of t h e  shock normals should 

never exceed 20° o r  30°, i n  disagreement wi th  t h e  two observa t ions  of 

l a t i t u d e s  of approximately 60' [ ~ i r s h b e r ~  e t  a l . ,  1970; Greenstadt  

e t  a 1  19691. I n  view of these  cons idera t ions ,  t h e  a c c e l e r a t i o n  of -* 3 

f l a r e  p a r t i c l e s  w i t h  a p re fe r r ed  d i r e c t i o n  i s  not  a promising model t o  

exp la in  the  extreme f l a r e  shock o b l i q u i t i e s .  However, a combination of 

j e t  e f f e c t s  and t h e  s o l a r  atmosphere e f f e c t s  d i scussed  above may con- 

t r i b u t e  t o  producing t h e  mild o b l i q u i t i e s  shown i n  F igure  1. 

2. The approximation t h a t  t h e  s o l a r  wind parameters,  such a s  

ve loc i ty ,  dens i ty  e t c . ,  a r e  independent of angle  i s  a t  var iance  wi th  t h e  



s e c t o r  s t r u c t u r e  of t h e  s o l a r  wind flow i n  t h e  e c l i p t i c  plane. The 

dens i ty ,  v e l o c i t y ,  magnetic f i e l d ,  and temperature vary sys t ema t i ca l ly  

a s  t h e  s e c t o r s  a r e  crossed [ ~ i l c o x  and Ness, 19651. Furthermore, i t  

has been suggested [~neuman, 19661 t h a t  t h e  genera l  d ipo le  of t h e  sun 

w i l l  tend t o  d i s t o r t  t h e  s o l a r  wind flow so t h a t  t h e  wind speeds i n  

the  e q u a t o r i a l  plane w i l l  be  slower than  those from t h e  poles .  Both 

of t hese  e f f e c t s  would cause a d i s t o r t i o n  of t h e  s p h e r i c a l  symmetry of 

the  expanding wave. Since observa t ions  a r e  made i n  t h e  e c l i p t i c  plane, 

i t  i s  l i k e l y  t h a t  t h e  s e c t o r  s t r u c t u r e  would be the  more important va- 

r i a b l e  i n  causing d i s t o r t i o n s  of t he  observed b l a s t  waves. 

A ske tch  of t h e  type of con f igu ra t ion  t h a t  might r e s u l t  from the  

v a r i a t i o n  of plasma p r o p e r t i e s  ac ros s  a s e c t o r  i s  shown i n  F igure  3. 

The i n s e t  graphs a r e  from Wilcox [1968] and show t h e  v a r i a t i o n s  of t h e  

v e l o c i t y  and dens i ty  a s  8-day-wide s e c t o r s  were crossed. Note t h a t  t h e  

v e l o c i t y  of t h e  ambient s o l a r  wind i s  r e l a t i v e l y  low a t  t h e  beginning 

and t h e  end of t h e  sec tor .  The shock propagating i n  t hese  reg ions  w i l l  

tend t o  l ag  t h e  shock propagat ing i n t o  t h e  f a s t e r  ambient wind i n  mid- 

sec tor .  The dens i ty  d i s t r i b u t i o n  r e in fo rces  t h e  same e f f e c t .  The 

dens i ty  was r e l a t i v e l y  high a t  both ends of t he  sec to r ,  and was very  

high near  t h e  beginning o f  t h e  s e c t o r  shown a s  c ros ses ,  t h e  d e n s i t y  

and v e l o c i t y  v a r i a t i o n s  both cause the  shock t o  tend t o  l a g  near  

t he  s e c t o r  boundaries.  

Fig. 3 



A rough e s t ima te  of t h e  magnitude of t h e  d i s t o r t i o n  due t o  t h e  

dens i ty  can be made from t h e  work of Hundhausen and Gentry [19691, who 

show how t h e  t r a n s i t  t ime of a  shock i s  r e l a t e d  t o  t h e  dens i ty  of t he  

ambient s o l a r  wind. I n  F igure  3 we have sketched t h e  shock inden ta t ion  e s t i -  

mates from Hundausen and Gentry f o r  a  s e c t o r  wi th  a  d e n s i t y  v a r i a t i o n  a s  

shown by the  c ros ses  i n  t he  i n s e t  graph. Unfortunately,  Hundhausen 

and Gentry do not g ive  t h e  v a r i a t i o n  of shock t r a n s i t  time a s  a  

func t ion  of ambient wind v e l o c i t y ,  so t h a t  v e l o c i t y  e f f e c t s  could not  

be included. The major d i s t o r t i o n  c o n s i s t s  of an  inden ta t ion  near  t he  

s e c t o r  boundary. 

Note t h a t  F igure  3 shows the  i n t e r s e c t i o n  of t h e  shock wi th  t h e  

e c l i p t i c  plane. I n  t h e  t h r e e  cases  of experimental ly  observed f l a r e -  

shock normals, t he  p ro j ec t ions  of the  normals onto  the  e c l i p t i c  p lanes  

were a t  most 20' from t h e  d i r e c t i o n  expected f o r  s p h e r i c a l l y  expanding 

shock. The major observed disagreements wi th  s p h e r i c a l  symmetry were 

a l l  i n  t h e  mer id iona l  p lane  where angles  of 35') 60°, and 65' were ob- 

served i n s t e a d  of t h e  expected O O .  Since we have no informat ion  on 

t h e  shape of t h e  s e c t o r s  i n  rhe  meridional  plane,  nor on t h e  d i s t r i b u t i o n  

of dens i ty  and v e l o c i t y  i n  t h a t  d i r e c t i o n ,  we cannot make any comments 

on the  d i s t o r t i o n  expected from t h i s  model i n  t h a t  plane. 

3. The extended b l a s t  models neg lec t  t h e  p o s s i b i l i t y  of i n s t a -  

b i l i t i e s  i n  the  flow. One i n t e r e s t i n g  p o s s i b i l i t y  i s  t he  development 



of t h e  f l u t e  i n s t a b i l i t y ,  i . e .  t he  hydromagnetic analog of t h e  

Rayleigh-Taylor i n s t a b i l i t y ,  i n  which a dense f l u i d  i s  supported 

by a l i g h t  f l u i d .  It can be expected t h a t  t h e  i n s t a b i l i t y  w i l l  occur  

when t h e  magnetic f i e l d s  i n  t h e  two media a r e  p a r a l l e l  [ ~ t i x ,  19621. 

That i s ,  t h e  p i s t o n  w i l l  tend t o  break  through i n  p lanes  p a r a l l e l  t o  

t h e  magnetic f i e l d .  It i s  p o s s i b l e  t h a t  processes  (perhaps non l inea r )  

w i l l  i n t e rvene  t o  h e a l  t h e  break. Fu r the r  a n a l y s i s  of t h i s  problem i s  

necessary (see,  f o r  example, Byers [1967] and Dnes t rovski i  [1969]). 

However, i f  we assume t h a t  t h e  i n s t a b i l i t y  grows, then  t h e  r e s u l t a n t  

f l a r e  p i s t o n  shape w i l l  be a f l a t  plate-shaped o b j e c t  a s  shown i n  

F igure  4. Since,  near t he  e c l i p t i c  plane,  t h e  ambient s o l a r  wind 

magnetic f i e l d  u sua l ly  l i e s  i n  t h e  e c l i p t i c ,  t h e  p l a t e  p lane  w i l l  most 

o f t e n  be p a r a l l e l  t o  t h e  e c l i p t i c  plane. There i s  no d i f f i c u l t y  i n  

r econc i l i ng  t h e  observa t ions  wi th  such a p l a t e  (see a l s o  Greenstadt  

e t  a l .  [1969)). The broad f r o n t  of t h e  p l a t e  can be approximated from 

the  s t u d i e s  of sudden commencements, i .e .  i t  has  a r ad ius  of about 

0.6 AU centered  a t  0.4 AU, and i s  of unknown thickness .  I f  t he  p l a t e  

passed above the  e a r t h  wi th  t h e  p l a t e  plane p a r a l l e l  t o  t h e  e c l i p t i c ,  

i t  could produce shock normals t i pped  southward of the  e c l i p t i c  plane,  

i n  agreement w i th  t h e  observa t ions  f o r  t he  two f l a r e s  occurr ing  i n  t he  

nor thern  s o l a r  hemisphere [ ~ i r s h b e r p  e t  a l . ,  1970; Greenstadt ,  19691; 

while  i f  i t  passed below the  e a r t h ,  t h e  shock normal would be t i pped  

Fig. 4 



northward of t h e  e c l i p t i c  plane, a s  i n  t h e  case  of t he  shock caused 

by t h e  f l a r e  occurr ing i n  t h e  southern  hemisphere L~arne e t  a l . ,  1968J. 

For p l a t e  p lanes  p a r a l l e l  t o  t h e  e c l i p t i c ,  t h e  o r i e n t a t i o n  of t h e  

i n t e r s e c t i o n  of t h e  shock w i t h  t h e  e c l i p t i c  p lane  would be w i t h i n  20° 

o r  30' of t h a t  expected from s p h e r i c a l  symmetry. This aga in  agrees  

with t h e  t h r e e  observa t ions  ava i l ab l e .  

Four poss ib l e  causes of t h e  f a i l u r e  of t he  shock t o  propagate i n  

a  s p h e r i c a l l y  symmetric manner have been discussed,  each r e s u l t i n g  

from a  d i f f e r e n t  f a i l u r e  of t he  approximations t h a t  ensured s p h e r i c a l  

symmetry. It was found t h a t  t h e  e f f e c t s  of t h e  s o l a r  atmosphere would 

be neg l ig ib l e ,  while  a  j e t  of plasma would not  produce the  observed 

shock o r i e n t a t i o n s .  The two most promising models t o  exp la in  t h e  

extreme shock o b l i q u i t i e s  involved inden ta t ions  due t o  t he  s e c t o r  

s t r u c t u r e  and a f l a t  p l a t e  due t o  t h e  development of t he  f l u t e  i n s t a b i l i t y .  

The f l a t  p l a t e  i s  favored by t h e  meager d a t a  p r e s e n t l y  ava i l ab l e .  
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Figure Captions 

Fig. 1 The shape of a  f l a r e  shock as  derived from data  on t h e  

i n t e n s i t y  of t h e  sudden commencements of  geomagnetic 

storms i s  shown a s  a  s o l i d  l i n e  [from Hirshberg, 19681. 

The dashed l i n e ,  representing a  c i r c l e  of  radius  0.6 AU 

centered a t  0.4 AU, i s  included f o r  comparison. 

Fig. 2 A s c a l e  drawing showing t h e  r e l a t i v e  pos i t ions  of t h r e e  

po in t s  a t  10 R from t h e  o r i g i n ,  compared wi'th 
0 

t h e  e a r t h  a t  215 R , i nd ica t ing  t h a t  t h e  e f f e c t  of t h e  
0 

s o l a r  atmosphere on a  b l a s t  wave w i l l  be neg l ig ib le  f o r  

f l a r e s  on t h e  v i s i b l e  s i d e  of t h e  sun. 

Fig. 3 A sketch showing t h e  e f f e c t  of t h e  s e c t o r  s t r u c t u r e  on a  

f l a r e  shock propagating i n  in te rp lane ta ry  space. The in-  

s e t  graphs [from Wilcox, 19681 show t h e  va r i a t ion  of dens i ty  

and ve loc i ty  a s  sec to r s  a re  crossed. An indentat ion w i l l  

appear near  t h e  sec to r  boundary due t o  both the  high dens i ty  

and low ambient s o l a r  wind ve loc i ty  i n  t h a t  region. The 

f igure  shows an est imate of the  magnitude of  t h e  e f f e c t  

based on t h e  dens i ty  va r i a t ion  alone. 



Fig.  4 An a r t i s t 9 s  sketch showing t h e  propagation of a f l a r e  

p is ton a f t e r  t h e  development of a f l u t e  i n s t a b i l i t y .  

The pis ton,  shown crosshatched, has broken through i n  

a plane p a r a l l e l  t o  the  ambient s o l a r  wind f i e l d  and 

forms a f l a t  p l a t e .  The top  f i g u r e  shows t h e  meridional 

plane. The p i s ton  i s  pushing through t h e  ambient s o l a r  

wind, which i s  shocked and flows back along t h e  f lanks.  

The bottom view shows the  p l a t e  i n  the  e c l i p t i c  plane. 

The magnetic f i e l d  l i n e s  pass through t h e  shock but  then 

leave t h e  e c l i p t i c  plane a s  required by t h e  flow around 

the  plasma body. 
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