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ABSTRACT 

The Compton-Getting (convective) part of the equilibrium 

anisotropy in the flux of 10 MeV solar flare particles is 

calculated from particle spectra and solar wind speeds for 

seven events observed by the spacecraft Pioneer 6 and 7 in 

1966. The convective part accounted for most of the anisotropy 

in every case, and in four cases appeared to be the entire 

anisotropy. This shows that convection is important and 

must be included in a realistic theory of the propagation of 

low-energy solar cosmic rays, although it can be neglected 

at higher energies. Scattering by hydromagnetic waves may 

also be important. Furthermore, since the diffusive part of 

the anisotropy was radial when it was not zero, the diffusion 

of these particles appears to be, at least locally, isotropic, 

These conclusions depend on the facts that the convective 

part of the anisotropy is in the same direction as the solar 

wind, - not perpendicular to the magnetic field, and that the 

V 
correct formula for the Compton-Getting effect is (2 4-d)') -. v 

The exponential decay time of these events at 10 MeV 

is calculated f ~ o m  the predominance of convection in the trans- 

port equation. 



I .  INTRODUCTION 

McCracken, Rao and Bukata (1967a) and Rao, e t  a l .  (3.967) , -- 

h e r e a f t e r  r e f e r r e d  t o  a s  MRB, have  r e p o r t e d  t h a t  d u r i n g  t h e  

l a t e  s t a g e s  of seven  s o l a r  cosmic-ray e v e n t s  obse rved  i n  i n t e r -  

p l a n e t a r y  s p a c e  i n  1966,  t h e  a n i s o t r o p y  i n  t h e  f l u x  of  1.0 MeV 

p a r t i c l e s  t u r n e d  towards  t h e  s u n - s p a c e c r a f t  d i r e c t i o n  and r e -  

mained i n  t h a t  d i r e c t i o n  w i t h  a  c o n s t a n t  magnitude of t h e  o r d e r  

o f  1 0 %  f o r  many h o u r s  i n  each  e v e n t  (see Tab le  1) .  MRB i n f e r r e d  

t h a t  t h e s e  r a d i a l  a n i s o t r o p i e s  a r e  a  r e g u l a r  f e a t u r e  of  t h e  decay 

phase  o f  s o l a r  p a r t i c l e  e v e n t s  a t  1 0  MeV, and t h i s  c o n c l u s i o n  

seems t o  b e  conf i rmed by f u r t h e r  s p a c e c r a f t  o b s e r v a t i o n s  with 

s i m i l a r  d e t e c t o r s  ( Allum, e t  a l .  1 9 6 8 ) .  MRB named t h e s e  anr l so tzop ies  -- 

t h e  'equilibrium'anisotropies, because  t h e y  always o c c u r r e d  when 

t h e  i n t e n s i t y  was d e c r e a s i n g  smoothly and " a  smooth monotonic 

d e c r e a s i n g  i n t e n s i t y  a g a i n s t  t ime  c u r v e  i s  i n d i c a t i v e  of a distri- 

b u t i o n  o f  cosmic r a d i a t i o n  i n  d i f f u s i v e  e q u i l i b r i u m  th roughou t  the 

volume of  t h e  s o l a r  sys tem a c c e s s i b l e  ( m a g n e t i c a l l y )  t o  t h e  space-  

c r a f t "  ( M R B ) .  They s a i d  t h e  e q u i l i b r i u m  a n i s o t r o p y  was t h e  v e c t o r  

sum of  two components:  one from t h e  E x B d r i f t  ve1ocit .y of 211 - - 

t h e  p a r t i c l e s  p e r p e n d i c u l a r  t o  t h e  garden-hose  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  magne t i c  f i e l d ,  and a n o t h e r  component out.ward 

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

t h e  p a r t i c l e s  away from t h e  s u n .  T h i s  p i c t u r e  i s  i l l u s t r a t e d  i n  

f i g u r e  l ( a ) .  I n  t h i s  p i c t u r e ,  which i s  shown t o  be i n c o r r e c t  i n  

t h e  n e x t  s e c t i o n ,  t h e  n e t  a n i s o t r o p y  c a n  be e x a c t l y  i n  t h e  radial 



d i r e c t i o n  on ly  i f  i t s  magnitude i s  g iven  by t h e  Compton-Get~lng 

(1935) e f f e c t  f o r  an  " expu l s i on"  v e l o c i t y  e x a c t l y  e q u a l  t o  t h e  

s o l a r  wind speed.  A s m a l l e r  a n i s o t r o p y  would have t o  come f r o m  

e a s t  o f  t h e  s u n - s p a c e c r a f t  l i n e ,  and a  l a r g e r  a n i s o t r o p y  f r o m  

t h e  w e s t .  S i n c e  t h e  e q u i l i b r i u m  a n i s o t r o p y  was c h a r a c t e r i s t i c a l l y  

r a d i a l ,  and i t s  magnitude i n d i c a t e d  an e x p u l s i o n  v e l o c i t y  of t h e  

o r d e r  of  t y p i c a l  s o l a r  wind s p e e d s ,  MRB concluded t h a t  i t  was 

t h e  s o l a r  wind speed.  

I n  view of t h i s  a p p a r e n t l y  s t r i c t  r e l a t i o n  between magnr cu2.e 

and d i r e c t i o n  it was dec ided  t o  compare t h e  magnitude of  t h e  

e q u i l i b r i u m  a n i s o t r o p y  w i t h  t h e  magnitude acco rd ing  t o  the MRE 

model u s i n g  t h e  a c t u a l  s o l a r  wind speed f o r  each  e v e n t .  

Tab le  I and f i g u r e  2 show t h a t  t h e  e q u i l i b r i u m  a n i s o t r o p y  

d i d  have t h e  a p p r o p r i a t e  ampl i tude  i n  f o u r  o f  M R B 1 s  seven e v e n t s .  

On March 2 0 ,  and J u l y  11 t h e  e q u i l i b r i u m  a n i s o t r o p y  was l a rqer  

t h a n  p r e d i c t e d ,  b u t  on March 26  i t  was s m a l l e r .  Assuming t h e  grad- 

i e n t  was r a d i a l ,  t h e  March 20 and J u l y  11 e v e n t s  cou ld  be e x p l a i n e d  

i n  t h e  MRB model by a  temporary i n c r e a s e  i n  t h e  p a r t i c l e  d i f f ~ s i o n  

a c r o s s  f i e l d  l i n e s ,  a l l owing  t h e  d i f f u s i o n  p a r t  of t h e  anlsctropy 

t o  b e  more n e a r l y  i n  t h e  r a d i a l l y  outward d i r e c t i o n .  I t  is however, 

q u i t e  i mposs ib l e  t o  e x p l a i n  t h e  s m a l l  ampl i tude  and y e t  r a d i a l  

d i r e c t i o n  of  t h e  e q u i l i b r i u m  a n i s o t r o p y  on March 2 6  using t h e  MRB 

model. W e  concluded from t h i s  e v e n t ,  and a l s o  on t h e o r e t i e z l  g r a ~ r ~ d s  

d i s c u s s e d  i n  S e c t i o n  11, t h a t  t h e  MRB model i s  i n c o r r e c t ,  



The c o r r e c t  p i c t u r e  of how t h e  motion of t h e  s o l a r  wind 

plasma (which produces t h e  - E x  - B d r i f t  i n  t h e  MRB mode:Lj and 

t h e  d i f f u s i o n  c u r r e n t  add v e c t o r i a l l y  t o  produce t h e  n e t  pa r -  

t i c l e  an i so t ropy  i s  shown i n  f i g u r e  l ( b )  and expla ined  i n  t h e  

nex t  s e c t i o n .  On t h e  b a s i s  of t h i s  model, t h e  magnitude an2 

d i r e c t i o n  of  t h e  e q u i l i b r i u m  an i so t ropy  i n d i c a t e s  t h a t  it  i s  

mostly and sometimes e n t i r e l y  due t o  convect ion by t h e  s o l a r  

wind. This i s  e x a c t l y  oppos i t e  t o  t h e  ca se  a t  h i g h e r  energies 

where d i f f u s i o n  i s  more impor tan t .  The r e s t  of t h e  e q u i l i b r r u n  

an i so t ropy  i s  due t o  a  d i f f u s i o n  c u r r e n t ;  when i t s  magnitude 

i s  s i g n i f i c a n t ,  a s  on March 2 0 ,  26,and J u l y  11, i t s  p e r s i s t e n t  

r a d i a l  d i r e c t i o n  i n d i c a t e s  t h e  d i f f u s i o n  i s  i s o t r o p i c .  Thls 

a l s o  i s  c o n t r a r y  t o  t h e  s i t u a t i o n  a t  h i g h e r  e n e r g i e s .  Even 

t h e  appa ren t ly  outward d e n s i t y  g r a d i e n t  du r ing  t h e  March 2 6  

even t  can be exp la ined  by convect ion.  

The e q u i l i b r i u m  an i so t ropy  then  i s  another  s t r i k i n g  example 

of how d i f f e r e n t  t h e  propaga t ion  of low-energy cosmic rays i n  

t h e  i n t e r p l a n e t a r y  medium i s  from t h e  ( reasonably  well--under- 

s tood )  p ropaga t ion  of p a r t i c l e s  having e n e r g i e s  of hundreds of 

MeV o r  g r e a t e r .  

We s h a l l  use  t h e  c o r r e c t  v e c t o r  model and formula for t h e  

Compton-Getting ( 1 9 3 5 )  e f f e c t  and draw some 

p re l imina ry  conc lus ions  about  t h e  r o l e  of  convect ion blv the so- 

l a r  wind on t h e  propaga t ion  of t h o s e  low-energy s o l a r  eosmrc rays 

which have reached t h e  e q u i l i b r i u m  c h a r a c t e r i z e d  by t h e  e q u l r b -  

rium an i so t ropy .  



THE DIRECTION AND MAGNITUDE O F  THE CONVECTIVE A N I S O T R O P H .  

The Archimedean s p i r a l  l i n e s  of t h e  average 

i n t e r p l a n e t a r y  magnetic f i e l d  move outward from t h e  sun w i t h  

t h e  s o l a r  wind v e l o c i t y  V (Pa rke r ,  1963) .  An observer  i n  the 
5 

s p a c e c r a f t  r e s t  frame t h e r e f o r  s e e s  an e l e c t r i c  f i e l d  

-1 
E = - V x B and t h i s  E makes charged p a r t i c l e s  appear t o  
5 c  5 % '  % 

d r i f t  i n  t h a t  frame wi th  a  v e l o c i t y  

(Ahluwalia and Dess l e r ,  1965) .  

However, t h e  i n t e r p l a n e t a r y  f i e l d  i s  n o t  smooth and i r r e g u l a r i -  

t i e s  i n  t h e  f i e l d  s c a t t e r  p a r t i c l e s  ( Jolcipi;,  1 9 6 6 ,  Foe lo f f r  196~1 . 

P a r t i c l e s  a r e  s c a t t e r e d  even i f  t h e r e  i s  no g r a d i e n t  in p a r t i c l e  

d e n s i t y .  These i r r e g u l a r i t i e s  i n  t h e  f i e l d  a r e  a l s o  carried oct- 

ward from t h e  sun by t h e  s o l a r  wind, and they push t h e  cosmj-c 

r ays  outward a long  t h e  f i e l d  l i n e s  w i th  a  v e l o c i t y  j u s t  

Thus t h e  convec t ion  of t h e  magnetic f i e l d  and i t s  i r r e g u l a r i t i e s  

i n  t h e  s o l a r  wind makes t h e  t o t a l  convec t ive  d r i f t  v e l o c i t y  = 

+ v - 
X L  

- , n o t  j u s t  V , a s  MRB assumed. The conveetrve 
% I d  %I 

v e l o c i t y  of  t h e  p a r t i c l e s  i s  t h e  t o t a l  s o l a r  wind v e l o c i t y ,  as  ~t 

i s  when t h e  average magnetic f i e l d  i s  zero (Gleeson and Axfo rd ,  

1967) . The average magnetic f i e l d  B only  determines  the d i rzc t lo , ?  
5 



and strength of the anisotropy in the diffusion tensor, and 

does not affect the convective part of the anisotropy in the 

particle flux. 

The convective part of the flux anisotropy is alb7ays 

in the direction of motion of the solar wind, irrespective 

of the direction of the average magnetic field. 

This result was derived more directly by Allis (1956) for 

hard-sphere scattering in a magnetic field, integrate13 over 

all particle energies. Klimas (1966) extended Allis~eesult 

to differential fluxes and "hot" scatterers by the differential 

moments method Gleeson and Axford (1967) used for the ease of 

zero average magnetic field. Gleeson (1969) has also found 

that the convection term is in the direction and not x, in 
a strong magnetic field, but inadvertently (Gleeson, personal 

communication, 1969) dropped the V,, term in going from his equa- 

tion 4.6 to 5.3 . 
Including the parallel part of the convective anisatropy 

makes a substantial and qualitative difference in the inter- 

pretation of the equilibrium anisotropy since it removes the 

need for most of the outward diffusion current parallel to 

the magnetic field such as MRB show in their figure 21 ( s i n i l a r  

to figure la in this paper), to produce a radial anisotropy 

of the correct magnitude. 



Following t h e  n o t a t i o n  of Axford and Gleeson ( 1 9 6 . 7 ) )  

t h e  an i so t ropy  of p a r t i c l e s  i n  a  smal l  energy range i s  

where v  = p a r t i c l e  speed 

U = t h e  p a r t i c l e  d e n s i t y  per  u n i t  energy 

2 2 cX= ( T + 2 m c )  / ( T + m c )  

T = p a r t i c l e  k i n e t i c  energy 

6'= exponent of  d i f f e r e n t i a l  f l u x  spectrum, 

- b" 
vU4 T 

V = s o l a r  wind v e l o c i t y  

!< = d i f f u s i o n  t e n s o r  

The f i r s t  term i n  (1) i s  t h e  Compton-Getting (1935; Gleeson 

and Axford, 1968; Forman, 1969) e f f e c t  due t o  convect ion by 

t h e  motion of t h e  s c a t t e r e r s  imbedded i n  t h e  s o l a r  w i n d ,  T 3 e  

second term i s  due t o  d i f f u s i o n  through t h e  s c a t t e r i n g  nadiur ,  

Equation (1) i s  i l l u s t r a t e d  i n  f i g u r e  l b , c .  



Solar wind speeds measured by the MIT Faraday cup plasma 

probe (Bridge and Lazarus, personal communication, 1 9 6 7 ;  Forman, 

1968) on the same spacecraft during the equilibrium an]-sotropy 

events reported by MRB are given in table 1. The spectiral 

indexes are MRB1s estimates from their two-point spectra 

earlier in each event when the flux was larger. The Unbversity 

of Chicago experiment of the same spacecraft gives the same 

exponents within about 15% for every event (Pyle and Smith, 

personal communication, 1967). This uncertainty in J' hardly 

affects the application of equation (1) since real fluctuation 

in the solar wind speed during the events was usually larger, 

The Compton-Getting anisotropy calculated from the com~eeti-v-e 

term in equation (1) with GK = 2 for these non-relativ:is"ci@ 

particles (7.5 to 45 MeV) is given in the table and compare? 

with the observed anisotropies in figure 2. The diffusion 

term -3K is the difference between the observed and vu 

convective anisotropies. 

111. THE RELATIVE MAGNITUDE AND SIGN OF DIFFUSION AND CONVECTION 

IN THE EOUILIBRIUM ANISOTROPY. 

Figure 2 also shows the observed and convective (Cornpton- 

Getting) anisotropy for galactic particles of the same energy 

(McCracken, -- et al., 1967b). The radially outward convection of 

galactic particles is almost exactly cancelled by inward diffusion 



because of the outward density gradient (OIGallagher, 1967, 

Jokipii and Coleman, 1968), the observed anisotropy is mcch 

smaller than the convective anisotropy, 

In contrast, Table I and 

Fig. 2 show that the observed equilibrium anisotropy for solar 

flare particles is always of the order of the convective aniso- 

tropy and sometimes equal to it. 

On Jan. 2, Jan. 19, March 25, and Sept. 28, diffusion 

was negligible compared to convection at the spacecraft since 

the entire observed anisotropy can be accounted for by the 

Compton-Getting (convective) anisotropy. During the other 

events, the diffusive anisotropy was not zero, but st.ill 

smaller in magnitude than the convective anisotropy. This 

is clear evidence that the convective term in the flux, and 

hence in the transport equation for these particles, is -- not 

negligible. Since convection is neglected in the solar-flare 

particle propagation theories (Parker, 1963, Burlaga, 19671 

which work very well at neutron monitor energies, these theories 

are unrealistic at low energies where the equilibrium aniso- 

tropy shows that convection usually dominates at -1AP1,, 

The equilibrium anisotropy on March 26 shows that these 

theories do fail at 10 MeV, and illustrates the gross effecc of 

convection on the equilibrium spatial distribution of low enerq-7 

particles. By equation (1) , VU was positive on March 26, 



i n d i c a t i n g  t h e  p a r t i c l e  d e n s i t y  a t  t h e  s p a c e c r a f t  was - in(- 

wi th  d i s t a n c e  from t h e  sun. This  cannot  occur  i n  t h e  usual. 

t h e o r i e s  n e g l e c t i n g  convec t ion  where t h e  e q u i l i b r i u m  p a r t i c l e  

d e n s i t y  i s  found t o  dec rease  monotonical ly  w i th  d i s t a n c e   fro^^ 

t h e  sun. 

Parker  (1965) however, has  shown t h a t  s o l u t i o n s  of the t r a n s -  

p o r t  equa t ion  i n c l u d i n g  convec t ion  ( b u t  n e g l e c t i n g  t h e  energy-change 

t e r m s ,  and assuming c o n s t a n t  and i s o t r o p i c  d i f f u s i o n  coefficient) 

do have outward p a r t i c l e  d e n s i t y  g r a d i e n t s  l a t e  i n  s o l a r  flare 

even t s  i f  t h e  parameter  RV/K i s  l a r g e  enough and t h e  obse rva t ion  

i s  n o t  t o o  c l o s e  t o  t h e  boundary. I t  i s  tempting t o  imagine that 

t h e  boundary may have been f a r t h e r  away on March 26  than  during 

t h e  o t h e r  e v e n t s .  

We can c rude ly  e s t i m a t e  RV/K by t ak ing  

R - 2AU = 3 x 1 0 1 3  cm 

K - 3 x l o z 0  cm2 - sec  " ( J o k i p i i  and Coleman (1968) 

va lue  fox  l O M e V  g a l a c t i c  p a r t i c l e s  a t  s o l a r  minimum 

V - 4 x l o 7  c m - s e c "  

Then RV/K - 4 .  This  i s  l a r g e  enough t o  produce a  s u b s t a n t i a l  

outward g r a d i e n t  a t  -fi - 1/2 = 1AU (Pa rke r ,  1965) . RV/K w i l l  R 

vary from even t  t o  even t  i f  K does ,  b u t  i f  t h e  energy-dependence 



of K is at least as strong during solar events as it is 

for quiet times (Jokipii and Coleman, 1968), RV/K will be 

20 times larger at 10 MeV than it is at 1 BeV. It is then 

possible for convection to be negligible at high energies 

but not at low energies during the same event. 

The evidence that diffusion is negligible when the equi- 

librium anisotropy is observed implies an almost energy- 

independent exponential decay time for the particle flux, 

The transport equation in a spherical solar wind :is 

Evidently, K vU.!(Vu during the equilibrium anisotropy, so 

and is so small that even & 4(1, 
k 

'2 L' - -- i 3 - - R V 

'3 -L Y 
-7 1 

This gives a decay time of about 14 hours, which is typical 

for solar protons L.' 10 MeV. 

Note that this holds for particle energies at which the 

equilibrium anisotropy is observed, and so far this is only 



from 7 . 5  t o  4 5  MeV, and wi th  l e s s  c e r t a i n t y ,  from 4 5  t o  9 0  

MeV. Within t h i s  r ange ,  t h e  decay t i m e  c a l c u l a t e d  above i s  o n l y  

weakly dependent on p a r t i c l e  energy ( n o t  p r o p o r t i o n a l  t o  L / K  

which would be  energy-dependent) .  This  decay t ime w i l l  also 

be f a i r l y  uniform from even t  t o  even t ,  a s  V and are p r e t t y  

much t h e  same from even t  t o  event .  

The d i f f e r e n c e  between t h e  observed and convect ive  an- 

i s o t r o p i e s  i s  s o  smal l  on Jan.  2, J an  1 9 ,  March 25, and 

Sept .  28 t h a t  t h e  " d i f f u s i o n  v e l o c i t y "  - K '  ' i s  certainly 
u 

much l e s s  t han  t h e  s o l a r  wind speed,  and could be very  much 

l e s s .  I f  t h e  " d i f f u s i o n  v e l o c i t y "  i s  n o t  much l a r g e r  than 

2 
V /V, where VA i s  t h e  Alfven speed,  s c a t t e r i n g  by propaoat ing 

A 

hydromagnetic waves w i l l  be t h e  impor tan t  d i f f u s i o n  m e ~ h a n i s i ~ ,  

and should be inc luded  i n  a  complete t r a n s p o r t  theory  far these 

p a r t i c l e s  (Pa rke r ,  1963; Klimas, 1966) .  

I V .  THE DIRECTION -- OF THE DIFFUSION CURRENT I N  THE EQUIEIBRIZM --- 
ANISOTROPY. 

I t  i s  apparen t  from f i g u r e  2 t h a t  t h e  d i f f u s i o n  t e r n  

was a  s i g n i f i c a n t  f r a c t i o n  of  t h e  equ i l i b r ium an i so t ropy  on 

March 2 0 ,  March 26, and J u l y  11. Never the less ,  t h e  equ i l i b r ium 

an i so t ropy  was s t i l l  r a d i a l .  S ince  t h e  convect ion c u r r e n t  

i s  always r a d i a l  ( c o n t r a r y  t o  t h e  model MRB u s e d ) ,  t h e  d i f f u s i o n  



current must have been radial in each of these events where _ _ _ -  

it can be measured. The magnetic field was not constantly 

radial during all of these events (Burlaga, personal communi- 

cation, 1969), so the diffusion current was presumably in 

the direction of the particle density gradient, and unrelated 

to the direction of the field. This then implies that t h e  

diffusion was isotropic. This corroborates Jokipii and. Parker's 

(1968) conclusion that low-energy solar cosmic rays are 

transported quite effectively across the mean direction of the 

interplanetary magnetic field. The total absence of 

"co-rotation" in the anisotropy of 10 MeV galactic cosnlie 

rays (McCracken, -- et al., 1968b) indicates that galactic particles 

also diffuse isotropically in the interplanetary mediurri. 

V. CONCLUSIONS. .- 

The convective part of the equilibrium anisotropy is ic 

the radial direction, - not perpendicular to the magnetic field, 

The convective part is calculated from the Compton-Getting 

effect and found to be larger than the diffusive part.  fro^ 

this we concluded that convection, and possibly scattering 

by propagating hydromagnetic waves 1 must be included in any 



realistic theory of the transport of low-energy cosmic rays 

away from the sun. 

A reasonable value of the exponential decay time of %he 

low-energy solar flare particle flux is derived by neglecting 

spatial gradients entirely. In this picture, the particbe 

density is essentially uniform in the radial direction (whi le  

the equilibrium anisotropy is in progress) and the anisotropy 

and the time-dependence observed are due to convection and 

adiabatic deceleration in the expanding solar wind. 

The values of K V U / U  derived from the difference betweefi 

observed and convective anisotropy are not very accurate, 

but are at least consistent with the qualitative effects of 

convection on the flare particle distribution in space dis- 

cussed by Parker (1963) and Fisk and Axford (1968). The 

apparently positive (outward) gradient on March 26 can o n l y  

be explained by convection. 

The radial direction of the diffusive part of the anisotrepy 

(on the three occasions when its magnitude was significant) 

indicates that these 10 MeV particles diffuse isotropieahly 

in the interplanetary medium where they are observed, 
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Capt ions  t o  f i g u r e s  

F igure  1 a )  MRB model of convec t ive  and d i f f u s i v e  cont r ibu-  

t i o n s  t o  t h e  e q u i l i b r i u m  an i so t ropy .  

b )  c o r r e c t e d  model 

c )  c o r r e c t e d  model w i t h  i s o t r o p i c  d i f f u s i o n  

F igure  2 Comparison between observed and convec t ive  (Campton- 

G e t t i n g )  an i so t ropy  f o r  t h e  even t s  i n  Table I .  

Capt ion t o  t a b l e s  

Table  1. Equi l ib r ium an i so t ropy  even t s  i n  f l u x e s  of 1 0  MeV 

s o l a r  p a r t i c l e s  r e p o r t e d  by McCracken, - e t .  -- a].. (lh967a.j 

and Rao, - e t  - a l .  ( 1 9 6  9 .  S p e c t r a l  indexes  are  for t h e  

i s o t r o p i c  p a r t  of t h e  d i f f e r e n t i a l  f l u x ,  d j / c i ~ a ~ - .  

S o l a r  wind speeds  were measured by t h e  MIT plasma probe 

on t h e  same s p a c e c r a f t  (P ioneers  6 and 7 ;  B r i d g e  and 

Lazarus ,  1967) . The convec t ive  (Compton-Getting) 

an i so t ropy  i s  c a l c u l a t e d  from equa t ion  (1 :  i n  "i;e cex t ,  

rorres- 

ponding parameters  f o r  t h e  an i so t ropy  i n  t h e  f l u x  of 

g a l a c t i c  p a r t i c l e s  of t h e  same energy a r e  shown hr: the 

l a s t  row f o r  comparison. 



TABLE I 

PERIOD, UT OBSERVED EQUILIBRIUM SPECTRAL SOLAR-WIND COMPTON-GETTING 
ANISOTROPY, % INDEX k m / s e c  ANISOTROPY, % 

Kv IJ ( i m p l i e d )  - , 
U 

( V a r i a t i o n  due t o  
r e a l  v a r i a t i o n s  i n  c m 2 / s e c - A U  

s o l a r  wind v e l o c i t y .  ) 

2  Jan .  1 9 6 6  
0 7 0 0 - 2 0 0 0  

1 9  J a n .  1 9 6 6  
1 0 0 0 - 2 0 0 0  

20 Mar. 1 9 6 6  
0 6 0 0 - 1 2 0 0  

2 5  Mar. 1 9 6 6  
0 1 0 0 - 2 1 0 0  

26 Mar. 1 9 6 6  t o  

2 7  Mar. 0 9 0 0 - 0 9 0 0  

( 9 2 2 )  x l o 2  O 
( p o s i t i v e )  

11 J u l y  1 9 6 6  1 8 . 0  3 . 8  600 -700  1 2 . 8  - 1 5 . 0  ( 9 2 3 )  x l o z 0  

1-45 MeV g a l a c t i c  p a r t i c l e s  <0,2% ,- 0 . 6  - 400 - 3 - 7 x 1Q2' 
(positive) 
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