
C h a p t e r  4

S i m u l a t i o n  P r o g r a m  D e s c r i p t i o n

•  P ro je c t’s nam e: s p h w in d .

•  P u rpose:

T o  s tu d y  th e  c o s m ic  r a y  t r a n s p o r t  a n d  a c c e le ra t io n  n e a rb y  

a  s p h e r ic a l s h o c k  in  v a r io u s  m a g n e t ic  f ie ld  s itu a t io n s .

T h is  p ro je c t is basica lly  m odified  from  th e  earlie r, p ro to ty p e  “w ind” p ro jec t 

(Ruffolo 1995). T h e  w ord “sp h w in d ” in d ica tes  a  sp h erica lly  sym m etric  so lar 

w ind  c ircu m stan ce . I t  co n ta in s  several se p a ra te  source code files w hich were 

w ritte n  in th e  c language. T h e  reason to  have several files is th a t  each file 

can  be developed, m odified  an d  te s ted  in d ep en d en tly  w ith o u t re c o n stru c t

ing th e  whole p ro g ram  (a  m o d u la r  ap p ro ach ). In  th e  final s tep , we use a 

“m ake” u til i ty  p ro g ram  to  com pile  all p a r ts  of th e  p ro g ram  to g e th e r an d  to  

link  th e  p ro g ram  to  th e  requ ired  lib raries, p rov id ing  a  read y  execu tab le  file
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n am ed  “sp h w in d ” to  ru n . T h e  sphwind  p ro je c t consists  o f n ine files:

1. sphw ind .c

2. s tream .c

3. in itia l.c

4. field.c

5. in jec t.c

6. tr id a g .c

7. decel.c

8. p r in to u t.c

9. n ru til.c ,

an d  each file has ex p lic it pu rposes as we will describe  in m ore d e ta il as follows:

1. s p h w in d .c : T h is  is th e  m ain  p ro g ram  in w hich ev ery th in g  we need is 

con tro lled . T h is  p ro g ram  o b ta in s  som e necessary  in p u t v ariab les, such as 

th e  s im u la tio n  tim e  sp an , A t ,  AjU, th e  m o m en tu m  values of p a rtic le s , etc. 

T h e  im p o r ta n t su b ro u tin es  in th is  m ain  p ro g ram  are:

•  elem entsQ : T h is  su b ro u tin e  ca lcu la tes  e lem ents of m a trices  used in 

s tep ().

•  s tep (): T h is  su b ro u tin e  con tro ls th e  tim e  ev o lu tion  of th e  s im u la tio n  

p ro g ram , i.e ., th e  w hole /i-, r -  an d  p - tra n s p o r t  (a d ia b a tic  d ece le ra tio n )

ca lcu la ted  in  each tim e  step .
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In  a d d itio n , in  th e  m a in  p ro g ram  a t  each a p p ro p ria te  tim e  in te rva l, as 

specified by th e  user, th e  p ro g ram  w ill call th e  p r in to u t( )  ro u tin e  for d a ta  

o u tp u t.

2. s t re a m .c :  T h is  p ro g ram  co n ta in s  a large ro u tin e  called  s tre a m (). I ts  func

tio n  is to  ev a lu a te  sp a tia l t r a n s p o r t  due  to  th e  z -ad v ec tio n  te rm  in E q u a 

tio n  (2.12). T h e  su b ro u tin es  called  by s tre a m () are:

•  tv d (): th e  p u rp o se  is to  perfo rm  sp a tia l t r a n s p o r t  by using  th e  concep t 

of th e  genera lized  T V D  m e th o d  th a t  we developed  (N u ta ro , R iyavong, 

an d  Ruffolo, 2000).

•  gen_gam (): th is  ro u tin e  p rovides th e  C o u ra n t n u m b er, 7 , for each grid  

p o in t in o u r s im u la tio n  space (p, p , z). R ecall th a t  th e  C o u ra n t n u m b er 

is defined by 7  =  V2A f /A z .

•  lo ren tz (): th is  ro u tin e  perfo rm s a  L orentz  tra n s fo rm a tio n  used by th e  

shock tre a tm e n t process in th e  s tre a m () ro u tin e .

F u rth e rm o re , b o u n d a ry  co n d itio n s a n d  p a rtic le  tr a n s p o r t  n earby  a  shock 

w ill be tre a te d  inside th e  s tream Q  ro u tin e .

3. i n i t i a l . c: T h is  p ro g ram  provides th e  desired  in itia l co n d itio n  w hich is th e  

d is tr ib u tio n  fu n c tio n  F  a t  th e  in itia l tim e  of th e  s im u la tio n .

4. f ie ld .c: T h is  p ro g ram  has several ro u tin es  concern ing  th e  m ag n e tic  field 

con fig u ra tio n  an d  fluid speed flow a t  various d istan ces. T h e  su b ro u tin es
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inside are:

•  dzz(): T h is  ro u tin e  ca lcu la tes  an  effective sp a tia l d iffusion coefficient, 

expressing  th e  s tre n g th  of th e  p itch  angle sc a tte r in g . I t  uses th e  lim it 

o f diffcoeff() in th e  absence of focusing.

•  diffcoeff(): T h is  ro u tin e  ca lcu la tes  a  m odified  sc a tte r in g  coefficient to  

acco u n t for a  s in g u la rity  a t  แ =  0 (Ng a n d  W ong, 1979; Ruffolo, 1991).

•  m u d o t(): T h is  ro u tin e  ca lcu la tes  th e  ra te  of increase  of แ  due to  ad i

a b a tic  focusing  (E q u a tio n  (2 .15)).

•  a rc len g th Q : T h is  ro u tin e  converts r  to  z ,  w here here  z  =  r  — Tsh-

• rad iu s(): T h is  ro u tin e  converts 2 to  r .

•  cospsi(): T h is  ro u tin e  ca lcu la tes  cos Ip, w here 1เ) is th e  angle betw een 

th e  m ag n e tic  field line a t a  desired  p o in t to  th e  rad iu s  vector (see 

F ig u re  (2 .3)).

•  d zd t() : T h is  ro u tin e  ca lcu la tes  th e  F okker-P lanck  coefficient follow ing 

th e  te rm  ( A r / A t )  (E q u a tio n  (2 .14)).

•  relvw f(): T h is  ro u tin e  gives th e  so la r w ind  velocity  re la tive  to  th e  fixed 

fram e.

•  relvw s(): T h is  ro u tin e  gives th e  so la r w ind velocity  re la tive  to  th e  so lar 

w ind fram e.

•  d ece lra teQ : T h is  ro u tin e  concerns th e  te rm  ( A p ) /A t ,  w hich is th e
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m om en tum  loss ra te  (E q u a tio n  (2 .16)).

• e n ra tio () : T h is  ro u tin e  calculates the  ra t io  o f the  p a rtic le  energy in  the 

local f lu id  fram e to  the  energy in  the  fixed  fram e (used in  the  d iffus ion  

te rm ).

• L le n g th Q : C a lculates the  m agnetic  focusing leng th  L.

• r_updow n(): Calcu la tes the  characteris tic  w ind ing  rad ius o f the  Archim edean 

sp ira l in  the  upstream  o r dow nstream  region.

5. in je c t .c ;  T h is  program  provides a desired in je c tio n  o f partic les d u ring  the 

course o f the  s im u la tio n , i f  need in  the  s im u la tio n  (n o t used in  th is  w o rk).

6. d e c e l.c : T h is  program  accommodates a deceleration process by ca lling  

ro u tin e  decelrate() in  field.c.

7. p r in to u t . c :  T h is  program  provides desired o u tp u t da ta  in  several fo rm a ts  

fo r  use in  o th e r v isua liz ing  program s. T h e  ap p rop ria te  p r in to u t o f the 

o u tp u t d a ta  fo rm a t is cruc ia l in  in te rp re tin g  o u r s im u la tio n  results.

8. t r id a g .c :  T h is  program  was copied fro m  the N u m erica l Recipes in  c  (Press 

et ฟ ., 1991), to  p e rfo rm  a tr ig o n a l band m a tr ix  so lu tion .

9. n r u t i l . c :  T h is  file  is a co llection o f several useful u t i l i t y  routines. I t  was 

s lig h tly  m od ified  fro m  N um erica l Recipes in  c  (Press et  ฟ ., 1991). Several 

ro u tines  are used to  a llocate and deallocate m em ory  fo r vectors and m a tr i

ces. I t  helps us to  conserve m em om orv  and increase f le x ib ility  in  m anaging
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vectors, m atrices o r h igher-d im ension  arrays, since in  the  typ ic a l c  la n 

guage, the  index w i l l  always s ta r t fro m  0. B y  the  c o n tr ib u tio n  o f these 

rou tines , we can easily assign a desired range o f indices. F u rth e rm o re , the 

ro u tin e , n re rro r() , is invoked to  te rm in a te  p rogram  execution -  w ith  an 

ap prop ria te  message -  when a fa ta l e rro r is encountered.
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