
C h a p t e r  6

S u m m a r y  a n d  C o n c l u s i o n s

In  th is  thesis we developed a su itab le  Fokker-P lanck equation wh ich  is used to  

exp la in  the  charge p a rtic le  tra n sp o rt under an A rch im edean sp ira l m agne tic  fie ld  

con figu ra tion . The  f lu id  flow  m ode l s im p ly  uses the assum ption o f a sphe rica lly  

sym m e tric  ou tflow  (in flow ). A n  app rop ria te  equation can be designed to  su it ou r  

desired m agne tic  fie ld  con figu ra tion . F in a lly , we ob ta ined an equa tion  con ta in in g  

a ll the  re levant phys ica l processes concern ing the t im e  e vo lu tio n  o f the  d is t r i­

b u tio n  fu n c tio n  F(p,r,/J,), in c lu d in g  the phys ica l processes o f spa tia l tra n sp o rt  

(s tream ing  and advec tion ), p itch  angle changes (sca tte ring  and ad iaba tic  focus ing  

due to  the  m agne tic  fie ld  divergence) and m om en tum  changes (ad iaba tic  decel­

e ra tio n ) due to  the  divergence o f the f lu id  flow .

Then we developed a useful num erica l m e thodo logy th a t we ca ll a gen­

era lized T V D  m e thod  (see C hap te r 3) to  im prove the so lu tio n  o f the spa tia l 

tra n s p o rt. T h is  techn ique allows US to  run  the  p rog ram  10 to  100 tim es faster 

(N u ta ro , R iyavong and Ru ffo lo , 2000). Hence, a ll o f ou r s im u la tions  cou ld  be 

pe rfo rm ed on on ly  a PC-based com pu te r under the L in u x  ope ra ting  system .
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O u r m a in  goal is to  num e rica lly  solve the tra n sp o rt equa tion  we developed  

in  C hap te r 2, w h ich  inco rpo ra tes the effects o f the  ad iaba tic  focus ing and ad ia ­

b a tic  dece lera tion . T h is  is because o f the sphe rica lly  s ym m e tric  w ind  m ode l we 

used. T he  tre a tm en t o f pa rtic le s crossing the shock is inc luded  in  the  code (R u f- 

fo lo , 1999) and has been sub s ta n tia lly  m od ified  to  su it o u r case. We then have 

the  freedom  to  investiga te  the behav io r o f charged pa rtic le s under the in fluence  

the  m agne tic  fie ld  and the shock encountered.

The  p r im a ry  te s tin g  resu lts fo r the  generalized T V D  schemes (see section  

5.1), found  th a t, fo r the case o f no shock, we cou ld  reproduce the  same resu lts  

as R u ffo lo  (1995) when the same param eters were used. The  resu lts were s lig h tly  

d iffe ren t from  the p ro to type  when a coarser g r id  size was used to  im prove the  

p rog ram  ru nn in g  speed. W ith in  the l im i t  o f an acceptable num erica l e rro r the  

p rog ram  ru nn in g  speed can be made a t least 10 to  20 tim es faster. The  new, 

genera lized T V D  scheme also worked we ll under the ob lique , planar shock c ir ­

cum stance (see F igures 5.4-5.5).

We then proceeded to  investiga te a spherica l, ob lique , and s trong  shock 

w h ich  has a fou r-fo ld  flu id  speed difference between upstream  and downstream . 

For th is  s tudy  we chose an in c iden t m agnetic  fie ld  angle upstream  o f 75° fo r 

convenience. A t  the beg inn ing  stage, we s im p ly  used the spectra l index Ô =  2.0. 

F igu res (5.9 - 5.20) show the sho rt, sharp increase o f the charged pa rtic le  in ten s ity  

on the  upstream  side. T h a t is, the acce lera tion o f charged pa rtic le s takes place  

nearby the spherica l shock bounda ry  as we expected (see C hap te r 1). The ( j)แ
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p ro file  when com pared to  the  ob lique , p lana r shock case is ra th e r s im ila r, g iv in g  

us confidence in  the  accuracy o f the  new code.

I t  is obvious th a t the generalized T V D  we have developed can p lay  a 

m a jo r ro le fo r spa tia l tra n spo rt so lv ing  as well. Hence th is  new scheme is a p p li­

cable to  a w ide range o f prob lem s w h ich  in co rpo ra te  an advection te rm , since the  

ru n n in g  speed can be im proved more in  the  same m anner as in  th is  thesis.

Regard ing shortcom ings, the sphe rica lly  sym m e tric  m ode l and the nu­

m e rica l techn ique we developed w il l  be ad jus ted to  su it prob lem s o f more recent 

in te re s t such as space weather forecasting. The new m ode l o f a spherica l shock 

is more rea lis tic  th an  the planar shock assum ption used in  prev ious w o rk o f th is  

so rt (e.g. R u ffo lo , 1999). T h is  is because range o f u lt im a te  in te res t in  such events 

occu rr in g  a t d istances re la tive ly  close to  the รนท where the  shock geom etry is 

s t i l l  m ore curved. We hope th a t, by ta k in g  the cu rva tu re  effect o f the shock 

in to  account, we w il l  o b ta in  a more accurate num erica l resu lt than  has ever been 

ob ta ined  before.

F u rth e r w o rk  using th is  com pu te r p rog ram  cou ld  lead US to  investiga te  

deeper and deeper in  fine d e ta il abou t the  spherica l shock tra n spo rt and accel­

e ra tio n  mechanism  w h ich  inco rpo ra tes the  possible phys ica l processes occu rring  

nearby the  shock as we exp la ined in  C hap te r 2. In  the long te rm , we m ig h t con­

s ider to  im prove ou r p rog ram  to  hand le a m ov ing , spherica l shock, wh ich wou ld  

be usefu l to  e xp la in  a w ide r range o f phys ica l phenomena occu rring  somewhere

in  deep space.
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