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Abstract:

1EH) 5 F2£(motion equation), ff ?é*ﬁ%(charged particle),
ExB KU 7 (E-cross-B drift), U B AR E L A (quadrupole electromagnet),

k& A &)L =4 Jl(toroidal coil), 7/ 7 >« 7 L L ##(Van Allen radiation belt),
i F % (numerical calculation), C & #5(C programming language)
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In this report, I incorporated the Runge-Kutta method into the "Motion of charged particle in static
electro-magnetic field" program and aimed at the precision improvement of the simulation results.
This program simulates the motion of charged particle based on the Euler method, however,
the divergence of the calculation result is large. Therefore, I incorporated the Runge-Kutta method
this time and improve the stability of the calculation result.
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"Improving accuracy of motion simulation with Runge-Kutta method"
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g S 4172 motion_cale BA%(1)
void motion_calc(int FMN,int VTS,double TS,int PTN,int ETS)
{

int i,j;

double bex,bey,bez,bbx,bby,bbz;
double bdt2,bdt6,bufl,bufl;
double bhv[6],bgv[4][6];

if(TS==0.0e0){error_flag++; return;}
if(PTN>MAX_PN){error_flag++; return;}
if(ETS>MAX_TS){error_flag++; return;}
if(pop[PTN][0]==0.0e0) {error_flag++; return;}

bdt2=TS/2.0e0;

bdt6=TS/6.0e0;

bufO=pop[PTN][1]/pop[PTN][0];

bufl=1.0e0/TS;

for(i=0;i<6;i++) bhv[i]=0.0¢0;

for(i=0;i<4;i++) {for(j=0;j<6;++) bgv[i][j]=0.0e0;}




i X 4172 motion_cale B%(2)

for(i=1;i<=ETS;i++){
ts[PTN][i]=TS;
//1st step
bhv[0]=rx[PTN][i-1];
bhv[1]=ry[PTN][i-1];
bhv[2]=rz[PTN][i-1];
bhv[3]=vx[PTN][i-1];
bhv[4]=vy[PTN][i-1];
bhv[5]=vz[PTN][i-1];
EB_field(FMN,bhv[0],bhv[1],bhv[2],&bex,&bey,&bez,&bbx,&bby,&bbz);
bgv[0][0]=bhv[3];
bgv[0][1]=bhv[4];
bgv[0][2]=bhv[5];
bgv[0][3]=buf0*(bex+bhv[4]*bbz-bhv[5]*bby);
bgv[0][4]=buf0*(bey+bhv[5]*bbx-bhv[3]*bbz);
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bev[0][5]=buf0*(bez+bhv[3]*bby-bhv[4]*bbx);
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//2nd step
bhv[0]=rx[PTN][i-1]+bdt2*bgv[0][0];
bhv[1]=ry[PTN][i-1]+bdt2*bgv[0][1];
bhv[2]=rz[PTN][i-1]+bdt2*bgv[0][2];
bhv[3]=vx[PTN][i-1]+bdt2*bgv[0][3];
bhv[4]=vy[PTN][i-1]+bdt2*bgv[0][4];
bhv[5]=vz[PTN][i-1]+bdt2*bgv[0][5];
EB_field(FMN,bhv[0],bhv[1],bhv[2],&bex,&bey,&bez,&bbx,&bby,&bbz);
bgv[1][0]=bhv[3];
bgv[1][1]=bhv[4];
bgv[1][2]=bhv[5];
bgv[1][3]=buf0*(bex+bhv[4]¥bbz-bhv[5]*bby);
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bgv[1][4]=buf0*(bey+bhv[5]*bbx-bhv[3]*bbz);
bgv[1][5]=buf0*(bez+bhv[3]*bby-bhv[4]*bbx);
//3rd step
bhv[0]=rx[PTN][i-1]+bdt2*bgv[1][0];
bhv[1]=ry[PTN][i-1]+bdt2*bgv[1][1];
bhv[2]=rz[PTN][i-1]+bdt2*bgv[1][2];
bhv[3]=vx[PTN][i-1]+bdt2*bgv[1][3];
bhv[4]=vy[PTN][i-1]+bdt2*bgv[1][4];
bhv[5]=vz[PTN][i-1]+bdt2*bgv[1][5];
EB_field(FMN,bhv[0],bhv[1],bhv[2],&bex,&bey,&bez,&bbx,&bby,&bbz);
bgv[2][0]=bhv[3];
bgv[2][1]=bhv[4];
bgv[2][2]=bhv[5];
bgv[2][3]=buf0*(bex+bhv[4]¥bbz-bhv[5]*bby);
bgv[2][4]=buf0*(bey+bhv[5]*bbx-bhv[3]*bbz);
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bgv[2][5]=buf0*(bez+bhv[3]*bby-bhv[4]*bbx);
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i X 4172 motioncale B3%(3)

//4th step

bhv[0]=rx[PTN][i-1]+TS*bgv[2][0];
bhv[1]=ry[PTN][i-1]+TS*bgv[2][1];
bhv[2]=rz[PTN][i-1]+TS*bgv[2][2];
bhv[3]=vx[PTN][i-1]+TS*bgv[2][3];
bhv[4]=vy[PTN][i-1]+TS*bgv[2][4];
bhv[5]=vz[PTN][i-1]+TS*bgv[2][5];
EB_field(FMN,bhv[0],bhv[1],bhv[2],&bex,&bey,&bez,&bbx,&bby,&bbz);
bgv[3][0]=bhv([3];

bgv[3][1]=bhv[4];

bgv[3][2]=bhv[5];
bgv[3][3]=buf0*(bex+bhv[4]*bbz-bhv[5]*bby);
bgv[3][4]=buf0*(bey+bhv[5]*bbx-bhv[3]*bbz);
bgv[3][5]=buf0*(bez+bhv[3]*bby-bhv[4]*bbx);
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rx[PTN][i]=rx[PTN][i-1]+bdt6*(bgv[0][0]+2.0e0*bgv[1][0]+2.0e0*bgv[2][0]-+bgv[3][0]);
ry[PTN][i]=ry[PTN][i-1]+bdt6*(bgv[0][1]+2.0e0*bgv[1][1]+2.0e0*bgv[2][1]+bgv[3][1]);
rz[PTN][i]=rz[PTN][i-1]+bdt6*(bgv[0][2]+2.0e0*bgv[1][2]+2.0e0*bgv[2][2]+bgv[3][2]);
vx[PTN][i]=vx[PTN][i-1]+bdt6*(bgv[0][3]+2.0e0*bgv[1][3]+2.0e0*bgv[2][3]+bgVv[3][3]);
vy[PTN][i]=vy[PTN][i-1]+bdt6*(bgv[0][4]+2.0e0*bgv[1][4]+2.0e0*bgv[2][4]+bgVv[3][4]);
vz[PTN][i]=vz[PTN][i-1]+bdt6*(bgv[0][5]+2.0e0*bgv[1][5]+2.0e0*bgv[2][5]+bgv[3][5]);
ax[PTN][i-1]=bufl*(vx[PTN][i]-vx[PTN][i-1]);
ay[PTN][i-1]=buf1*(vy[PTN][i]-vy[PTN][i-1]);
az[PTN][i-1]=bufl*(vz[PTN][i]-vz[PTN][i-1]);

return;
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=== calculation model is No.4 (main) ===
=== variable time step OFF : 1.0000e-006 (s) (main) ===

=== initialization of particles start (particle_init) ===
= tube type test particle =

= particle_num : 32 (=) =
= radius partition number : 4 (-) =
= angle partition number : 8 (- =
= particle mass o 9.1094e-031 (kg) =
= particle charge ©1.6022¢-019 (C) =
= start position (rx) © -1.0000e-001 (m) =
= start position (ry) ©0.0000e+000 (m) =
= start position (rz) ©0.0000e+000 (m) =
= start velocity (vx) ©1.0000e+004 (m/s) =
= tube radius © 3.0000e-002 (m) =

=== initialization of particles completion (particle_init) ===

=== quadrupole electromagnet (quadrupole_electromagnet_SM) ===
tube radius :5.0000e-002 (m)
coil current 1 : 1.0000e-005 (A)
coil current 2 : -1.0000e-005 (A)
coil current 3 : 1.0000e-005 (A)
coil current 4 : -1.0000e-005 (A)
=== quadrupole electromagnet (quadrupole_electromagnet SM) ===

=== solenoidal coil 01 (solenoidal_coil_01) ===

= power supply wiring partition number (radius) : 10 (=) =
= power supply wiring partition number (return) : 10 (=) =
= angle partition number : 30 (-) =
= winding number : 6 (-) =
= coil radius : 2.0000e-002 (m) =
= coil pitch © 3.0000e-003 (m) =

=== solenoidal coil 01 (solenoidal_coil _01) ===
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calculation model is No.5 (main) ===
variable time step OFF : 1.0000e-008 (s) (main)

initialization of particles start (particle_init)

= tube type test particle = B

= particle_num : 32 (=) =
= radius partition number : 4 (- =
= angle partition number 8 (- =
= particle mass 1.6726e-027 (kg) =
= particle charge ©1.6022¢-019 (C) =
= start position (rx) © -1.0000e-001 (m) =

= start position (ry)
= start position (rz)
= start velocity (vx)
= tube radius

= coil current :

= angle partition number 20 (-) =
= winding number 20 (=) =
= circle axis radius 1.0000e-001 (m) =
= circle thickness radius : 6.0000e-002 (m) =

toroidal coil (toroidal_coil)

toroidal coil (toroidal_coil)

0. 0000e+000
0. 0000e+000
1. 0000e+004
3. 0000e-002

toroidal coil (toroidal _coil SM) ===
2.0000e+002 (A) =
=== toroidal coil (toroidal_coil_SM)

(m)
(m)

(m)
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n

~—

initialization of particles completion (particle_init)
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=== calculation model is No.6 (main) ===
=== variable time step OFF : 5.0000e-001 (s) (main) ===

=== jnitialization of particles start (particle init) ===
tube type test particle =

= particle_num : 32 (=) =
= radius partition number : 4 (-) =
= angle partition number : 8 (- =
= particle mass o 9.1094e-031 (kg) =
= particle charge ©1.6022¢-019 (C) =
= start position (rx) : —2.0000e+007 (m) =
= start position (ry) ©0.0000e+000 (m) =
= start position (rz) © 0.0000e+000 (m) =
= start velocity (vx) © 4.5000e+005 (m/s) =
= tube radius : 8.0000e+006 (m) =

=== jnitialization of particles completion (partlcle init) ===

=== annular current 01 (annular_ current 01_SM) ===

= layer partition number 10 (=) =
= angle partition number : 20 (-) =
= circumferential partition number : 30 (=) =
= single current © -1.5000e+007 (A) =
= circle axis radius : 3.0000e+006 (m) =
= circle thickness radius :3.0000e+006 (m) =

=== annular current 01 (annular_current_01_SM) ===

= case 6 point charge (EB_field) : -2.5216e-007 (C) =




5. Z%X(Discussion)
W e T RIEEFAT—EEREAWEY I 2 —arFua sl MIEALEEICLY .

vialb—

TarORENEREL M LESELENTE L, 2R, AT 7T LA TRV RA DFELTVI 2

L—3 g VOWENIEN ST,

6 . #&=(Summary)

ARa TIHBEIHER L7 0 7T A tilE T D1ERET o723, REVTFOT 7T AOEET1T> T
WEERZZRL, 1 DOBBUCZOARER U TEELIT ) ENTE L, 4% bUEESLWRBITVRTNE D

27a T AOBRFICEY HA TODE -0,
7 . CHR(References)

[1] : CERBICKDHUERIHAM EARRIRE VoA = 2t

[2] « L5 BuEftr & T ool AL % BB T4

[3] WA =a—23 EERFD ETHEwy ERENE SEEE
[4] : https://en.wikipedia.org/wiki/Runge-Kutta methods

[5] :WAfE CEiEAMME SRHEEVEE  SoftBank Creative

8. FEFH (Author)
%ﬁé CEE K (IEL)
2011 4F : PRSI AS  ToAmB AR R
2013 4F : [AIRZFERFFE L RHE T
2013 4 : WFFTER A% B ~mh ik
BLBE . PR - B s 2 B a—X - BERETTE

9. {E#* Notes)
Bz L,



