hwbs_sol

_Alex. txt

/1 QUESTI ON 1ST

Wed Mar 26 13:09:24 2008

/* solves a PAIR of sinultaneous 2nd-order ODEs

vi a 4t h-order

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<i ostreane
<cmat h>
<gsl / gsl
<gsl / gsl
<gsl/gsl _

usi ng nanmespace std;

/1 modify f[0],
// GMis a constant

i nt

fl1],

func (double t,
voi d *paramns)

{

doubl
f[0]
fl1]
f[2]
f[3]
retur

}

i nt

jac (double t,
doubl e dfdt[],

{

y[1];
y[3];
GSL_

_errno. h>
_matrix. h>
odei v. h>

f[2],
nunber

const double y[],

const double y[],
voi d *paramns)

fL3]

runge-kutta nethod */

in function func()

doubl e f[],

e GM = *(doubl e *)parans;

= - GMry[ 0]/ (pow(y[ O] *y[ 0] + y[2]*y[2].1.5));
= -GWy[2]/(powm(y[ 0] *y[O] + y[2]*y[2],1.5));
n SUCCESS;

doubl e *df dy,

doubl e GM = *(doubl e *) par ans;

gsl

= gsl

gsl
gsl
gsl
gsl
gsl

gsl
gsl

gsl _

gsl

gsl
gsl

gsl _

gsl

gsl
gsl

gsl _

gsl

_matrix_view df dy_nat
_matrix_view array (dfdy, 4, 4);
_matrix * m= &ifdy mat.matri x;
_matrix_set (m 0, 0, 0.0);
_matrix_set (m 0, 1, 1.0);
_matrix_set (m 0, 2, 0.0);
_matrix_set (m 0, 3, 0.0);
_matrix_set (m 1, 0, -GW(-2.0*powmy[0],2) + powmy[2],2))/
, (pow(y[ O] *y[O] + y[2]*y[2],2.5)));
_matrix_set (m 1, 1, 0.0);
matrix_set (m 1, 2, GW(3.0*y[0]*y[2])/
_ (pow(y[ 0] *y[O] + y[2]*y[2],2.5)));
_matrix_set (n1 1, 3, 0.0);
_matrix_set (m 2, 0, 0.0);
_matrix_set (m 2, 1, 0.0);
matrix_set (m 2, 2, 0.0);
_matrix_set ( 2, 3, 1.0);
_matrix_set (m 3, 0, GW(3.0*y[0]*y[2])/
_ (pow(y[ 0] * y[O] + y[2]*y[2],2.5)));
_matrix_set (m 3, 1, 0);
matrix_set (m 3, 2, cmm( 2.0*pow(y[2],2) + powmy[O],2))/
, (pow(y[ O] * y[O] +y[2]*y[2],2.5)));
_matrix_set (m 3, 3, ;
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// since df/dt = 0 for all choices of f, these are zero

df dt [ O]
df dt [ 1]
df dt [ 2]
df dt [ 3]
return GSL_S SS;

o
cooo
cooo

int min ()

const gsl_odeiv_step type * T
= gsl _odei v_step_rk4;

gsl _odeiv_step * s
= gsl _odeiv_step_alloc (T, 4);

double GM = 1. 00; /1 CHANGE ME. val ue of G*M sun
gsl _odeiv_system sys = {func, jac, 4, &M ; // GMis ODE dependent

doubl e t
doubl e h

0.0, t1 = 100.0; // CHANGE ME. bounds.
0.02; /1 CHANGE ME. step size

/1 initial conditions: y[0], y[2] =
double y[4] ={ 0.5, 0.0, 0.0, 1.25
doubl e dydt _in[4], dydt_out[4];

position, y[1],y[3] = velocity
}ooy_err[4];

/[linitial tau, alpha, and signa
doubl e al pha_x=0; doubl e al pha_y=0; doubl e tau=0;
int sign = 0;

/* initialise dydt_in fromsystem paraneters */
GSL_ODEI'V_FN _EVAL(&sys, t, y, dydt_in);

while (t < t1)
{

int status = gsl _odeiv_step apply (s, t, h,

y, y_err,
dydt _in,
dydt _out,
&sys);
if (status != GSL_SUCCESS)
br eak;
/1 caculate for tao and al pha
if ( alpha_x <y[0]){
al pha_x = y[0];
}
if ( alpha_y < y[2]){
al pha_y = y[2];
}
if (t >0.58&& sign == 0 & abs((y[0]-0.5)/0.5) < 0.01){
tau = t;
//to get the period for the first round
sign = 1;
}

dydt _in[0] = dydt_out[O0];
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dydt _in[1] = dydt_out[1];
dydt _in[2] = dydt_out[2];
dydt _in[3] = dydt_out[3];
t += h;
cout <<t << " " << y[0] <" " << y[1] <<
<< y[2] << " " << y[3] << endl;
/1 printf ("%5e %5e %5e\n", t, y[0], y[1]);
}
/lprint al pha and tau
cout << " alpha x is : " << alpha_x << "\t alpha x ~ 3 is " << pow al pha_x,3
) << "\t alphayis " << alpha.y << "\t alphay 3 is " << powalpha_y,3) << "\t t
au is: " << tau << "\t tau® 3 is: " << pow(tau, 3) << endl

gsl _odeiv_step free (s);
return O;

}

/* solves a PAIR of sinultaneous 2nd-order ODEs
via 4t h-order runge-kutta nmethod */

#i ncl ude <i ostreanr

#i ncl ude <crmat h>

#i ncl ude <fstreanr

#i ncl ude <gsl/gsl _errno. h>
#i ncl ude <gsl/gsl_matrix. h>
#i ncl ude <gsl/gsl _odeiv. h>

usi ng namespace std;

/1 modify f[O], f[1], f[2], f[3] in function func()
/1 GMis a constant numnber
i nt
func (double t, const double y[], double f[],
voi d *paramns)

doubl e GM = *(doubl e *) par ans;

/11.5 - > 2 here
f[0] =y[1];
f[1] = -Gwy[0]/(pow(y[O]*y[O] + y[2]*y[2],2));
f[2] = y[3];
f[3] =-Gwy[2]/(pow(y[0]*y[O] + y[2]*y[2],2));
return GSL_SUCCESS;

}

i nt

jac (double t, const double y[], double *dfdy,
doubl e dfdt[], void *parans)

doubl e GM = *(doubl e *) par ans;
gsl _matrix_view df dy_mat
= gsl_matrix_view array (dfdy, 4, 4);
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gsl_matrix * m= &JIfdy mat.matri x;
gsl_matrix _set (m 0, 0, 0.0);
gsl _matrix_set (m 0, 1, 1.0);
gsl _matrix_set (m 0, 2, 0.0);
gsl _matrix_set (m 0, 3, 0.0);

/1 change codes here too
gsl _matrix set (m 1, 0, -Gw(-3.0*powm(y[0],2) + powy[2],2))/
_ (pow(y[ O] *y[O] + y[2]*y[2],3)));
gsl _matrix_set (m 1, 1, 0.0);
gsl _matrix_set (m 1, 2, GW(4.0*y[0]*y[2])/
_ (pow(y[ 0] *y[ O] + y[2] y[2].3)));
gsl_matrix _set (m 1, 3, 0.0);

gsl _matrix_set (m 2, 0, 0.0);
gsl _matrix_set (m 2, 1, 0.0);
gsl_matrix _set (m 2, 2, 0.0);
gsl_matrix _set (m 2, 3, 1.0);

gsl _matrix_set (m

(p
gsl _matrix_set (m
gsl _matrix_set (m
(p

3, 0, Gw(4.0*y[0]*y[2])/
ow(y[0]*y[O] + y[2]*y[2],3)));
3, 1, 0.0);

3, 2, -G (-3.0*pow(y[2],2) + pow(y[O],2))/
, ow(y[0]*y[O] + y[2]*y[2],3)));
gsl _matrix_set (m 3, 3, 0.0);

/Il since df/dt = 0 for all choices of f, these are zero

df dt [ 0]
df dt [ 1]
df dt [ 2]
df dt [ 3]
return GSL_ SUCCESS

I
cocoo
oocoo

int min ()

const gsl_odeiv_step_type * T
= gsl _odei v_step_rk4;

gsl _odeiv_step * s
= gsl _odeiv_step_alloc (T, 4);

double GV = 2. 00; /1 CHANGE ME. val ue of G*M sun
gsl _odeiv_system sys = {func, jac, 4, &M ; // GMis ODE dependent

doubl e t
doubl e h

0.0, t1 =500.0; /1 CHANGE ME. bounds.
0. 5; /1 CHANGE ME. step size

// initial conditions: y[O0], y[2] = position, y[1],y[3] = velocity
double y[4] ={ 5, 0.0, 0.0, .5}, y err[4];
doubl e dydt _in[4], dydt_out[4]

/* initialise dydt_in fromsystem paraneters */
GSL_CODEI V_FN_EVAL(&sys, t, y, dydt_in);

/* sinple code to wite to an output file. */
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of stream out _file;

/1 open output files:

out file.open("hwe_2.dat");
V\/ni{le (t <t1)

int status = gsl _odeiv_step_apply (s, t, h,

y, y_err,
dydt _i n,
dydt out,
&sys);
if (status != GSL_SUCCESS)
br eak;
dydt _in[0] = dydt_out[O0];
dydt _in[1] = dydt_out[1];
dydt _in[2] = dydt_out[2];
dydt _in[3] = dydt_out[3];
t += h;
cout <<t << " " << y[0] << " " << y[1] <<
<< y[2] << " " << y[3] << endl
/loutput to "hwe_ 2. dat
out_file <<t << " " << y[0] <<
<< y[2] << endl
/1 printf ("%5e %5e %5e\n", t, y[O0], y[1]);

}

gsl _odeiv_step free (s);
return O;

}

//then use gnuplot to plot the hwe_2. dat

#i ncl ude <iostreanp

#i ncl ude <gsl/gsl _errno. h>

#i ncl ude <gsl/gsl _matrix. h>

#i ncl ude <gsl/gsl _odeiv. h>

#i ncl ude <gsl/gsl _sf_trig. h>
usi ng namespace std;

i nt

func (double t, const double y[], double f[],
voi d *parans)

{

double g = *(doubl e *)parans;
f1o] = y[1]; |
f[1] = -g*gsl _sf_sin(y[0])/1
return GSL_SUCCESS;
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i nt

jac (double t, const double y[], double *dfdy,
doubl e dfdt[], void *parans)

{

double g = *(doubl e *)parans;
gsl _matrix_view df dy_mat
= gsl_matrix_view array (dfdy, 2, 2);
gsl _matrix * m= &fdy_nat.matrix;
gsl _matrix_set (m 0, 0, 0.0);
gsl _matrix_set (m 0, 1, 1.0);
gsl _matrix _set (m 1, 0, -g*gsl _sf cos(y[0])/1);
gsl_matrix _set (m 1, 1, 0);
dfdt[0] = 0.0;
dfdt[1] = 0.0;
return GSL_SUCCESS;
}

i nt
mai n (voi d)
{
const gsl_odeiv_step_type * T
= gsl| _odei v_step_rk8pd;

gsl _odeiv_step * s

= gsl _odeiv_step alloc (T, 2);
gsl _odeiv_control * c

= gsl _odeiv_control _y_new (0.01, 0.0);
gsl _odeiv_evolve * e

= gsl _odeiv_evolve_alloc (2);

double g = 9. 8;
gsl _odei v_system sys = {func, jac, 2, &g};

double t = 0.0, t1 = 20.0;
doubl e h = 0.01;

doubl e pi = 3.1415926;
doubl e initPos = 0;

//get initial angle.
cout << " input the initial angle: " << endl
cin >> initPos;

double y[2] = { pi*initPos/180, 0.0 }, y_err[2];
doubl e dydt _in[2], dydt_out[2];

/lcout << " gsl sinis " << gsl_sf_sin(pi*initPos/180) << endl
/linitial tau and signal

doubl e t au=0;

int sign = 0;

while (t < t1)
{

int status = gsl _odeiv_step apply (s, t, h,
y, y_err,
dydt _in,
dydt _out,
&sys);

if (status != GSL_SUCCESS)
br eak;
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if (t >1 && sign == 0 && abs(int((y[O0]-pi*initPos/180)/(pi*initPos/18
0))) < 0.001){

tau = t;
//to get the period for the first round
sign = 1,
}

dydt _in[0] = dydt_out[O0];

dydt _in[1] = dydt_out[1];

t += h;

cout <<t << " " << y[0] << " " << y[1] << endl

[lprintf ("%5e %5e %5e\n", t, y[0], y[1]);

cout << " the period for " << initPos << " is : " << tau << ", and kis : " << tau
/1.5 << endl

gsl _odei v_evol ve _free (e);
gsl _odeiv_control _free (c);
gsl _odeiv_step_free (s);

return O;
}

/*

degree k

90 1.18

60 1.07

45 1.04

30 1.02

10 1

#i ncl ude <i ostreanp

#i ncl ude <fstreanr

#i ncl ude <gsl/gsl _errno. h>

#i ncl ude <gsl/gsl _matrix. h>

#i ncl ude <gsl/gsl _odeiv. h>

#i ncl ude <gsl/gsl _sf_trig. h>
usi ng namespace std;

struct paraneters

{
doubl e a;
doubl e b;
doubl e c;
doubl e d;
s

i nt

func (double t, const double y[], double f[],
voi d *parans)

{

paraneters p = * (paraneters *) parans;
f{0] = y[0]*(p.a-p.b*y[1]);
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}

f[1] = -y[1]*(p.c-p.d*y[0]) ;
return GSL_SUCCESS;

i nt

jac (double t,

{

}

const double y[],
doubl e dfdt[], void *parans)

doubl e *df dy,

paranmeters p = * (paranmeters *) parans;
gsl _matrix_view df dy_mat

= gsl _matrix_view array (dfdy, 2, 2);
gsl_matrix * m= &JIfdy nmat.matri x;
gsl_matrix_set (m 0O, O, p.a-p.b*y[1]);
gsl_matrix _set (m 0O, 1, -p.b);
gsl _matrix_set (m 1, O, ;
gsl _matrix_set (m 1,
dfdt[0] = 0.0;
dfdt[1] = 0.0;
return GSL_SUCCESS;

i nt
mai n (voi d)

const gsl_odeiv_step type * T
= gsl| _odeiv_step_rk8pd

gsl _odeiv_step * s

= gsl _odeiv_step_alloc (T, 2);
gsl _odeiv_control * c

= gsl _odeiv_control _y new (0.01, 0.0);
gsl _odeiv_evolve * e

= gsl _odei v_evol ve_alloc (2);

paraneters p;
p.a =1, p.b = 0.5,

gsl _odei v_system sys = {func,

p.c = 0.95, p.d = 0.25;
jac, 2, &p};

= 100. 0;

popul ati on.

double t = 0.0, t1
double h = 0. 1;
/lget initial
doubl e rabbit, fox;
cout << "

input the initial

popul ation for

cin >> rabbit >> fox;

double y[2] = {
doubl e dydt in[2],

rabbit,

fox }, y_ err[2];
dydt _out[2];

/* sinple code to wite to an output file. */

of stream out _file;

rabbits and fox:

/1 open output files:

out _file.open("hwe_4.dat");
while (t < t1)

{

int status = gsl _odeiv_step apply (s, t, h,
y, y_err,

<< endl
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dydt _in,
dydt out,
&sys) ;
if (status != GSL_SUCCESS)
br eak;
dydt _in[0] = dydt_out[O0];
dydt _in[1] = dydt_out[1];
t += h;
cout <<t << " " << y[0] << " " << y[1] << endl
out file <<t << " " << y[0] << " " << y[1] << endl

[lprintf ("%5e %5e %5e\n", t, y[0], y[1]);

gsl _odei v_evol ve _free (e);
gsl _odeiv_control _free (c);
gsl _odeiv_step_free (s);
return O;

}
//then use gnuplot, then splot "hwe 4.dat"

#i ncl ude <i ostreanr

#i ncl ude <fstreane

#i ncl ude <cmat h>

#i ncl ude <gsl/gsl _errno. h>

#i nclude <gsl/gsl_matrix. h>

#i ncl ude <gsl/gsl _odeiv. h>

#i ncl ude <gsl/gsl _sf_trig. h>
usi ng namespace std;

i nt

func (double t, const double y[], double f[],
voi d *paramns)

{

double k = * (double *) parans;
f{0] = y[1];
f{1] = k*pow( (1+y[1]*y[1]),0.5)/t;
return GSL_SUCCESS;
}

i nt

jac (double t, const double y[], double *dfdy,
doubl e dfdt[], void *parans)

{

double k = * (double *) parans;

gsl _matrix_view df dy_nmat

= gsl _matrix_view array (dfdy, 2, 2);
gsl _matrix * m= &fdy_nat.matrix;
gsl _matrix_set (m 0O, 0, 0);
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gsl_matrix _set (m 0, 1, 1);
gsl_matrix _set (m 1, 0, 0);
gsl _matrix_set (m 1, 1, 2*k/pow((1+y[1]*y[1]),0.5)*y[1]/t);
dfdt[0] = 0.0;
dfdt[1] = -k*pow((1+y[1]*y[1]),0.5)/(t*t);
return GSL_SUCCESS;
}

i nt
mai n (voi d)

const gsl_odeiv_step type * T
= gsl _odeiv_step_rk8pd

gsl _odeiv_step * s

= gsl _odeiv_step_alloc (T, 2);
gsl _odeiv_control * c

= gsl _odeiv_control _y new (0.1, 0.0);
gsl _odeiv_evolve * e

= gsl _odei v_evol ve_alloc (2);

doubl e k;

gsl _odeiv_system sys = {func, jac, 2, &k};

double t = -50, t1 = O;
double h = 0. 1;

/1 get k.

doubl e a, b;

cout << " input the initial speed a and b " << endl
cin >> a >> b;

k=al/ b;

double y[2] ={ 0, a}, y err[2];
doubl e dydt _in[2], dydt _out[2];

/* sinple code to wite to an output file. */
of streamout _file;

/1 open output files:

out _file.open("hwe_5.dat");
while (t < t1)

int status = gsl _odeiv_step apply (s, t, h,

y, y_err,
dydt _in,
dydt _out,
&sys);

if (status != GSL_SUCCESS)

br eak;

dydt _in[0] = dydt_out[O0];

dydt _in[1] = dydt_out[1];

t += h;
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cout <<t << " " << y[0] << " " << y[1] << endl
out file <<t << " " << y[0] << endl
[lprintf ("%5e %5e %5e\n", t, y[0], y[1]);

gsl _odeiv_evolve free (e);
gsl _odeiv_control _free (c);
gsl _odeiv_step_free (s);
return O;

}
/1then use gnuplot, then plot "hwe_5.dat" ;



