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Particle Motion

400000000000000 (821)00 (824)000COCODOOOOOO
gboooooboooooboboooobooboooooao

Listing 8.1: 00O OODOO0OO
struct particle. {

double mass; // mass of the particle
double charge; // electric charge
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double pos[4]; // {r,v.r, phi,v_phi}
GLfloat color_diffuse [4];
GLdouble sphere_radius;

GLint sphere_slices , sphere_stacks;

b
4A0000000000000000000000000

Listing 8.2: 40 000OOOOOO
void runge_kuttad (struct particle. xparticle, double dt)

{
const double ONE_SIXTH
const double ONE.THIRD =

1.0/6.0;
1.0/3.0;

double pos_before[4], work_pos[4];

00 O Ui Wi+
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double dposl[4],

pos_before |
pos_before |
[
[

pos_before
pos_before

double mass
double charge =

//step 1

dpos2[4], dpos3[4], dposd[4];
particle =>pos [0];
particle =>pos |
particle —>pos [2];
particle —>pos |

]
I
]
] .

particle —>mass;
particle —>charge;

equation_of_motion (mass, charge, pos_before, dposl, dt);

//step 2

//step 3

//step 4

runge_kuttad_advance (work_pos, pos_before, dposl, 0.5);
equation_of_motion (mass, charge, work_pos, dpos2, dt);
runge_kuttad _advance (work_pos, pos_before, dpos2, 0.5);
equation_of_motion (mass, charge, work_pos, dpos3, dt);
runge_kuttad_advance (work_pos, pos_before, dpos3, 1.0);
dpos4, dt);

equation_of_motion (mass, charge, work_pos,

//the result
particle =>pos [0]

particle —>pos[1]

= pos_before [0] + ( ONESIXTHxdposl |
+ ONE_THIRDxdpos2 |
+ ONE_THIRDxdpos3 |
+ ONESIXTHxdpos4 |
= pos_before[1] + ( ONESIXTHxdposl |
+ ONE.THIRDxdpos2 |

+ ONE.THIRDxdpos3 |

[

0
0
0
0
1
1
1
+ ONESIXTHxdpos4 [1

]
]
]
1 );
]
]
]
]
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38
39
40
41
42
43
44
45
46
47
48
49
50 }

particle —>pos[2] = pos_before[2] + ( ONESIXTHxdposl |
+ ONE.THIRDxdpos2 |
+ ONE.THIRDxdpos3 |
+ ONE.SIXTHxdpos4 |

particle —>pos[3] = pos_before[3] + ( ONESIXTHxdposl |
+ ONE_THIRD+*dpos2 |
+ ONE.THIRDxdpos3 |
+ ONESIXTHxdpos4 |

std :: cout << "total energy: ”

<< std::scientific

);

<< total_energy (mass,charge,particle —>pos)

<< std::endl;
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Listing 8.3: DO 0OOO

1

2 void equation_of_motion(double mass, double charge,
3 double xpos, double *dpos, double dt)
1

5 const double B = 0.01; // Magnetic field

6

7 double r = pos[0];

8 double vr = pos|[1];

9 double p = pos|[2];

10 double vp = pos[3];

11

12 double rvp = rxvp;

13 double vr_.r = vr/r;

14

15 double eB.m = Bxcharge/mass;

16 double eQ-m = CENTER CHARGE.Q*charge/mass;
17

18 dpos[0] = ( vr ) * dt;

19 dpos[1] = ( rvp*vp + eQm / (rx*r)

20 + eBmxrvp ) * dt;

21 dpos[2] = ( vp ) = dt;

22 dpos[3] = ( —2xvr_rxvp — eBmxvr_r) * dt;
23 )
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Listing 8.4: two_balls_parabola_rev_equation

1 void equation_of_motion (double xpos, double xdpos, double dt)
> |

3 // Lagrangian

4 // L(x1,x2,x17,x27) = (m/2)*(x1’"24+4%x1"2xx1""2)

5 // + (m/2)*(x2’"24+4%x2"2xx2""2)

6 // — (k/2)*(s—S0)"2

7 // where

8 // s = sqrt (dx"2+dy"2), dx=x1-x2, dy=x1"2+4x2"2+2

9 //

10 double x1 = pos[0];

11 double x1_dot = pos|[1];

12 double x2 = pos[2];

13 double x2_dot = pos[3];

14

15 double dx = x1 — x2;

16 double x1sq = x1xx1, x1_dot_sq = x1_dotxx1l_dot;

17 double x2sq = x2xx2, x2_dot_sq = x2_dotxx2_dot;

18 double dy = xlsq + x2sq + 2;

19 double s = sqrt (dx*dx + dyxdy);

20

21 double f1 = (K/M)x*(s—S0)/sx*( dx+2+x1xdy);

22 double 2 = (K/M)x(s—S0)/s*(—dx+2+x2xdy);

23

24 dpos[0] = ( xl_dot ) = dt;

25 dpos[1] = ( —1.0/(1+4xx1sq)*(4dxx1lxx1_dot_sq + f1) ) * dt;
26 dpos[2] = ( x2_-dot ) * dt;

27 dpos[3] = ( —1.0/(1+4%x2sq)*(4*x2xx2_dot_sq + f2) ) = dt;
28 }
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Listing 8.5: two_balls_parabola_rev_rk4

void runge_kuttad (struct particle. xparticle, double dt)

{

const double ONE_SIXTH =
const double ONE_THIRD =

1.0/6.0;
1.0/3.0;

double pos_before[4], work_pos[4];
double dposl[4], dpos2[4], dpos3[4], dpos4d[4];

pos_before |
pos_before |
pos_before |
pos_before |

//step 1

particle =>pos |
= particle —=>pos|
particle —>pos |
particle —>pos |

]
I
]
]

)

equation_of_motion (pos_before, dposl, dt);

runge_kuttad _advance (work_pos, pos_before, dposl,

//step 2

0.5);

equation_of_motion (work_pos, dpos2, dt);

runge_kuttad_advance (work_pos, pos_before, dpos2,

//step 3

0.5);

equation_of_motion (work_pos, dpos3, dt);

runge_kuttad_advance (work_pos, pos_before, dpos3,

//step 4

1.0);

equation_of_motion (work_pos, dpos4, dt);

//the result
particle —=>pos [0]

particle =>pos[1]

particle =>pos[2]

particle —>pos[3]

pos_before [0] + (

pos_before [1] + (

pos_before [2] + (

pos_before [3] + (

+
+
+
_|_
+
+
+
_|_
_|_

+
+
_|_

ONE_SIXTH#dpos1 [0]
ONE_THIRD*dpos2 [0]
ONE_THIRD+* dpos3 [0]
ONE_SIXTHx*dpos4 [0]
ONE_SIXTHx*dpos1[1]
ONE_THIRD*dpos2 [1]
ONE_THIRD*dpos3 [1]
ONE_SIXTHx*dpos4 [1]
ONE_SIXTHx*dpos1 [2]
ONE_THIRD*dpos2 [2]
ONE_THIRD*dpos3 [2]
ONE SIXTH#dpos4 [2]
ONE_SIXTHx*dpos1 [3]
ONE.THIRD* dpos2 [3]
ONE_THIRD*dpos3 [3]
ONE_SIXTHx*dpos4 [3]

H2r 0000 BOOOOOOODOOOOOODOoOOOoDOOoDO boo



43
44
45
46
47
48

2. OO OOLOODLOO0ODLOODOD

15

7

std ::cout << "total energy:
<< std::scientific
<< total_energy (particle —>pos)
<< std::endl;
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