TTEIEE RIREME KL HT 121120173

Yr#: SKAEHT
Zh: =K
THEYE

2014F4H17H

Lorenz Model
—. BEERESITEA:
F 7T @FrRunge-Kuttafs 3%, RIBIC HEE BV EXn,Yn, 2o IE FIT S T2, F

FAAT
At
Un+l = Yn + ?(lﬂ + 2ko + 2k3 + ka)

rkl = f(ynatn)
< ky = f(yn+ki1At/2,1,11/2)

k3 = f(yn + k2At/2,t,11/2)
\k4 - f(yn + k3At, tn+1)

KB

HItERRiEENT:

l

AR, y, 7, BWAER
[
Bﬁ] xn’yn’zn

»
<

ﬁ%ﬂ’dﬁx,y,zml;; (RI IRk )
ST Hxy. 2k (lﬂmmu&kn
R Hxy,2Fk3 (*'}Jﬁmlﬂ&kl\ k2)
RIS klhbikﬁﬁﬂﬁﬂxﬁ,,yw,zw

W = =

Y

BB S xy, M EWE

R 1/7



TTEIEE RIREME KEEHT 121120173

Z. BFEKEB (CE3E) :

/1

/1 main.c

/1 Conput ati onal Physi cs

/1

/1l Created by ZHANG CH on 14-4-16.

/1 Copyright (c) 20144 NJU. Al rights reserved.

/1

/ | PROBLEM STATI NG

[1dx/dt = 10(y-x)

[ldy/dt = -xz + rx -y

/[ldz/dt = xy - (8/3)z

/1 PRO 1:

/1 r =25 Plot z-x pl ane

/1l PRO 2:

/1 change the val of r, plot z-x plane
/1

/1 1. Draw flow di agram
/1 2. Make program
/1 3. Gve out computation results and discuss the results

/1 Formul a i npl ement ed:
[1{x_n+1} = {x_n} + (DELTA T/ 6) * (k1 + 2 k2 + 2 k3 + k4)

/1k1l = f({x_n})
/1k2 = f({x_n + k1*(DELTA T/2)})
/1k2 = f({x_n + k2*(DELTA T/2)})
/1k4 = f({x_n + k3*(DELTA T)})

/1input data: 25 25 O 100 W\ 12 2 9

#i ncl ude <stdio. h>

#define DELTA T (0.001)
#define NUM OF PO NTS (30010)
#define SIGVA (10.0)

#define B (8.0/3.0)

doubl e x[ NUM_OF_PO NTS] = {0}
doubl e y[ NUM_OF_PO NTS] = {0};
doubl e z[ NUM_OF_PO NTS] = {0}
i nt numOf Loop;

double r_mn, r_max, r_step, s;
double x_ini,y_ini,z_ini;

FILE * fp;

void init();

voi d run();

voi d print(double * outputSet);
voi d cal Next(int i, double r);

doubl e fun(doubl e x, double y, double z, double r, char |abel);

int main(int argc, const char * argv[])

{
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init();
/1 You can uncomment bel ow and coment init() function to auto operate the
program
[lr_ mn =25, r_max = 25; r_step = 0; s = 30000;
[Ix_ini = 12; y ini = 2; z_ini = 9;
run();
return O;
}
void init()
{

printf("Please input the value of r (r_mn, r_max, step) and steps to in-
vol ve s:\n");

scanf ("% fWfTWUf%f",& mn, & nmax, & _step, &s)

printf("Please input the initial value of x,y,z:\n");

scanf ("% fWf%Wf",& ini, & ini, & ini)
}

void run()
{
double r = r_mn;
int i,j;
nunOfLoop = (r_mn ==r_max) ? 1 : (int)((r_max - r_mn) / r_step);
fp = fopen("output.txt”, "wh");
for (j=0; j<nunCfLoop; |++)
{
x[ 0]
y[ 0]
z[ 0]

X_ini;
y ini;
Z_ini;

for (i=0; i<s; i++)

{
}

cal Next (i, r);

fprintf(fp, "The data belowis array of x:\n");
print((double *)x);
fprintf(fp, "The data belowis array of y:\n");
print((double *)y);
fprintf(fp, "The data belowis array of z:\n");
print((double *)z);

r += r_step;
}
fclose(fp);

}

void print(double * outputSet)
{
int i;
fprintf(fp, "[");
for (i=0; i<s; i++)
{
if (i '=0) fprintf(fp, ",");
fprintf(fp, "%f ", outputSet[i]);
}
fprintf(fp, "]J\n\n");
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void cal Next(int i, double r)

{
double kix = fun(x[i], y[i], z[i], r, "X');
doubl e k1ly = fun(x[i], y[i], z[i], r, 'y');
double ki1z = fun(x[i], y[i], z[i], r, "Z");

doubl e k2x = fun(x[i] + kix*(DELTA T/2.0), y[i]
+ k1z*(DELTA T/2.0), r, "Xx');

doubl e k2y = fun(x[i] + kix*(DELTA T/2.0), y[i]
+ k1z*(DELTA T/2.0), r, "y');

double k2z = fun(x[i] + kix*(DELTA T/2.0), y[i]
+ kl1z*(DELTA T/2.0), r, "z');

+

kily*(DELTA T/2.0), z[i]

+

kily*(DELTA T/2.0), z[i]

+

kily*(DELTA T/2.0), z[i]

doubl e k3x = fun(x[i] + k2x*(DELTA T/2.0), y[i]
+ k2z*(DELTA T/2.0), r, "Xx');

doubl e k3y = fun(x[i] + k2x*(DELTA T/2.0), y[i]
+ k2z*(DELTA T/2.0), r, "y');

double k3z = fun(x[i] + k2x*(DELTA T/2.0), y[i] + k2y*(DELTA T/2.0), z[i]
+ k2z*(DELTA T/2.0), r, "z');

+

k2y* (DELTA T/2.0), z[i]

+

k2y* (DELTA T/2.0), z[i]

doubl e kd4x = fun(x[i] + k3x*(DELTA T), y[i] + k3y*(DELTA T), z[i] +
k3z*(DELTA T), r, "Xx');
doubl e kd4y = fun(x[i] + k3x*(DELTA T), y[i] + k3y*(DELTA T), z[i] +

k3z*(DELTA.T), r, "y');
doubl e k4z = fun(x[i] + k3x*(DELTA T), y[i] + k3y*(DELTA T), z[i] +
k3z*(DELTA T), r, "z');

x[i+1] = x[i] + (DELTA. T/ 6.0) * (kix + 2*k2x + 2*k3x + k4x);
y[i+1] =y[i] + (DELTA T/ 6.0) * (kly + 2*k2y + 2*k3y + k4y);
z[i+1] = z[i] + (DELTA. T/ 6.0) * (klz + 2*k2z + 2*k3z + k4z);

}

doubl e fun(double x, double y, double z, double r, char |abel)

{
switch (label) {

case 'Xx':
return (SIGVA * (y - X));
br eak;

case 'y':
return ((r*x) - (x*z) - vy);
br eak;

case 'z':
return ((x*y) - (B*z));
br eak;

defaul t:

return O;
br eak;

#MAE x(0) = 12, y(0) = 2, z(0) = 9, KHEAILAMOFI30, HtEH1K<EN0.01.
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] 52 r=20R FI3DE 2 :

Lorenz Model (r = 25) — 3D plot
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EFEx-z2E ER/E, TTUERX-zXRAE:

Lorenz Model (r = 25)
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Lorenz Model when r varies
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RNED, BrzirERRmE, x-zRRGHx>0NETRENBE, BT —
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Configuration of the plot transforms between r=20 and r=21
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