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3 C7OJ3LEZRAVEMYAREREY
3.1 Z71ILOAY>O0—RER

ROFIEIHE T, o IATarsh2o08yya—FLT, BODT4 L2 b VICHEHT 3. HEETOREDIILDIC
1. B—3IFAY 7 27T, ZOBEFHOT 4+ L2 MY RERT 3. (R
cd ~
mkdir DE
cd DE

2. Firefox 2 ¥, WWW 77 U %2EE L, AFHED web R—I %L
R=Z L% A4 b5 FEELEEY A4 + (Learning Support Sites)| N, [HHEIFAE MEHRS AT
LR N, ZLT TEH) ~, THERZZECET I R—Y) 227V v 7 LTED.
HBWVIZLIT O URL 248E T 5.
https://www.oit.ac.jp/is/shinkai/lecture/
X1 MR 2%, DElst.c ¥ DE2nd.c D7 7 A L% 25X v >u—R¥3. (Fh
EFNT 7 ANKELE 7V 7 LT THHIZDITTY ¥ 7% RF T5).
Zyrua—FL77 740, EEEAEKLZDE 74 L2 FVICARS.

3. X—3IFIJILT, 1s LT, 22D7 74 (DElst.c £ DE2nd.c) 2H 2 I L EHERL LS. 2D
20070 LT 7 ANME, MEDEEXHEZZDT, FHAREELARZVWESIC, ZLdica
P—%roTBL L X\

cp DElst.c DElst_original.c
cp DE2nd.c DE2nd_original.c

3.2 EXNLGIRAAE
WL ODDBBEIIH LT, RDZ e %E1T5.

1. 25,5774 (DElst.c, DE2nd.c) ZHABEIZIGL THRET 3.
DElst.c 1 oM n FHEE Euler L CHEL 7075 4. f@ifRD oy b TE 3.
DE2nd.c 2 DM HER%E Euler i THEL 02 F 4. fNifED oy hTE 3.

2. T T LA T S,
DElst.c D7 I A%k aV 4T 3L =2k

gcc -o DElst.exe DElst.c -1m

-1m X, mathh 24 Y27V —RT2372DDA T a>Thsb. -o DERIIERINZETT 7
A VDAFINTIRS.

3. FarsamFETTA.
Filoa<wry rzHwWTary 4 rd5k, FIT7 74113, DElst.exe IC/R 5 DT,

./DE1st.exe

4. FarZ 1%, 2007 7 4L (output.numerical, output.analytic) ZHEHRE UL TEMT 5.
output.numerical Euler (K THWAER T 7 A V. RDAT), ISR OREDSIE LITHUL, Ziiz

D DIELWHIRICIR 51373,

output.analytic fEthiR 7 > A V. BOTRNEEZZBBRE L TAANLTEE, 20o80E2 )

T5. HOoOfe ANIHELTIL, BlEME —33 25137

Mi#& % gnuplot T2 7 712U T, —BLTWa0Y 50 %MD 5. gnuplot ZHE,

gnuplot
gnuplot> plot "output.numerical", "output.analytic"

Mz RT3, MTHC &

gnuplot> plot "output.numerical" with line, "output.analytic" with line
BBV

gnuplot> plot "output.numerical" w 1, "output.analytic" w 1

gnuplot 2T 45 & Zld

gnuplot> quit
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3.3 DElst.c
025 A7 7A4)DElst.c TH3. it k.

// Solve 1st order differential equation using Euler method

// C

// compile as :: gcc -1lm -o DElst.exe DElst.c
// execute as :: ./DE1st . exe

// output files :: output.analytic t  x

// output.numerical t x

#include <stdio.h>
#include <math.h>

//

#define X0 2.0 /* Initial Value x(0) FIWHE =/
#define TO 0.0 /* starting time tO0 */

#define TMAX 10.0 /* ending time tmax */

#define OUTPUTSTEP 10 /* output data every xx steps */

[/ mm e oo
// differential equation

// dxdt = right-hand side of the 1st order DE

double rhs(double x, double t){
double dxdt ;

dxdt = -0.5 * x + exp(-0.2 * t) ; // flzHFE VTV, —FERROITOANFETEINS
dxdt = -0.5 * x + sin(t) ;
dxdt = -0.2 *x x *x t;
dxdt = -0.5 * x ;
return dxdt;
}
[/ e m

// analytic solution
double sol(double x, double t){
double solution;
solution = exp(t); // HlzFEVTWE. —FEREDOITOXNETIND
solution = 2.0 * exp(-0.5 * t);
return solution;

}
[/ mm e e e m e — -
int main(void)
{
char filenamel[] = "output.numerical";
char filename2[] = "output.analytic";

FILE *xfpl, xfp2;

double dt=0.01; // delta t
double t,x;

int icount=0;

// open files

fpl = fopen(filenamel, "w");
fp2 = fopen(filename2, "w");
// initial set up

t = TO;
x = XO0;

printf ("dt= %8.4f \n",dt);

printf (" t numerical analytic diff \n");
// t-loop

while(t < TMAX){
// check accuracy and output
if (icount % OUTPUTSTEP == 0){
// output
printf ("%10.3f %11.5f %11.5f %12.8f \n", t,x,sol(x,t),x-sol(x,t));
fprintf (fpl,"%12.5f %12.5f\n", t,x);
fprintf (fp2,"%12.5f %12.5f\n", t,sol(x,t));
}
icount += 1;
// Forward Difference
x += dt * rhs(x,t);
// next t
t += dt;
} // end of t-loop
// close files
fclose(fpl);
fclose (fp2);

CIrFEHRALORL

», eEETLZ L.
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4 Python TEW/E7OJ L (BE)

Python I2132°5 7L 32V — A dfiiboTW3. 22T, 2OMSTER
&
dt?

RS 707 2%l LTHITS. £33, A4 5 —IETHELEMEREY X b tplotll, xplot[l,
a_plot[] ICI&HNT 5.

= —4x

# Solve 2nd order differential equation using Euler method
# Python 3 version
import math
import numpy as np
# equation of motion
def dvdt(t,x):
return -4.0%x
# analytic solution
def sol(t,x0):
return x0 * math.cos (2.0 * t)
# set parameters

t0 =0.0 # starting time
tmax=10.0 # ending time
dt =0.01 # delta t

nend=int (tmax/dt)+1

outputstep = 10 # output data every xx steps
# data for plotting graph

i=0

iend=int (tmax/dt/outputstep)+1

t_plot = np.zeros(iend)

x_plot = np.zeros(iend)
a_plot = np.zeros(iend)
#

x0=1.0 # initial value x(0)
v0=0.0 # initial value v(0)
# initial set up

t=t0

x=x0

dxdt=vO0
t_plot[i] = ¢t
x_plot[i] = x

a_plot[i] = sol(t,x0)

# first line of the data

print (°{:"12}{:"12}{:"12}{: 712}’ . format (’i t’,
’numerical’,’analytic’,’diff’))

print (£°{i:4d}{t:6.2f}{x:12.56f}{s0l1(t,x0):12.5f}{x-so0l(t,x0):12.5f3}7)

# t-loop

for n in range(l, nend):

# forward difference
dxdt = dxdt + dt * dvdt(t,x)
b = x + dt * dxdt

# next t
t =t + dt

if np.mod(n,outputstep) == 0:
i=i+1
t_plot[i]l =t
x_plot[i] = x

a_plot[i] = sol(t,x0)
print (£°{i1:4d}{t:6.2f}{x:12.5f}{s0l(t,x0):12.5f}{x-s0l(t,x0):12.5£f}’)

FEoTur s A THELN tplotl]l, xplotl]l, aplotl] 277 7127 5.

import matplotlib.pyplot as plt

fig=plt.subplots(figsize=(8,6))

plt.plot(t_plot, x_plot,’.’, c=’k’,label=’numerical’,markersize=6)
plt.plot(t_plot, a_plot, c=’r’,label=’analytic’)

plt.xlabel (’t?)

plt.ylabel(’x’)

plt.grid ()

plt.legend(loc=’lower right’)




(o 75#E] (HH) 10

4.1 WHAEAOHE [1BEOWSHRER]
7077 2 DElst.c ¥ DE2nd.c THWTWA DX, MR EMm FRE LTI, RbHEER
M7 A1 Euler IR MIEN 2D DTH 5. #RERZFHAT, FREZHEMFES K.
UTOMEERE, €OEZ 2R, F02 7 A DEtst.c TRIBE 7% 2 M/t v iE L %
BIEMTRE AJIL, WEN BT 5L 2iErD &,
(1) v =-2y, ylz=0)=2
(2) ' =3y, ylz=0)=01
(B) v =yly-2), ylr=0)=
1) v =yly-2), ya=0=-1
(5) yy' +2=0, ylz=0)=2
(
(
(
(

6) v +y=22"+4x—1, ylz=0)=
7y +y=2", yla=0)=1

8) ¥y —y=2¢"", ylx=0)=0

9) ¥ +2y=e?", ylx=0)=—

(10) ¢ + 3y = 5sinxz — 5cosz, y(xr =0)=2

[C.3] M ois %, Wil Buler TR, ABARPY v 7Y Y AREHVTHELTALS.

4.2 WRAEROHE [2EBOMoHE]
7% 5 DE2nd.c T, 2 BMAHRREBROTLZD, YOLSITHRNTOV S, B k.
BERL y(t) (oW T F oM AR EMT. 71275 4 DE2nd. c TRIEY & 5 M5 TR ¥ i
B sEEe AL, MEP—BT 5 2iEdrD K.
(1) ¢"+4y=0, yt=0)=2, y(t=0)=
(2) y'+4y=0, y(t=0)=0, ¢/(t=0)=2
(B)y' —dy=0, ylt=0)=1, y/(t=0)=
(4) ¥ —4y=0, y(t=0)=1, y(t=0) =~
BESC y(t) 1ICOWTLUF OMS AR E M. 7025 4 DE2nd. c TRIE Y 72 2 M5 AR ¥ 7
Be E%ﬁ**ﬁ@@’i’]\ﬁ L, MEDP—HT 2 rilErD K.
(1) y' =y —6y=0, yt=0)=1, y'(t=0)=—
2) y' =y —6y=0, yt=0=1, y(t=0)=—
() ¥ +4y' +4y=0, y(t=0)=2, y'(t=0)=6
(4) ' +2y +10y =0, y(t=0)=3, ¢/(t=0)=0
(5) ¥ +2 —8y=18¢"", y(t=0)=-2, y'(t=0)=
(6) 3" +5y +6y=>5sint, y(t=0)=3, y(t=0)=
(7) ¥ +4y =sin2t, y(t=0)=1, y'(t=0)=0

6
7

o

Runge-Kutta iZZFHWTHEITE 2 L5112, 7ul/ 728 BE L.

HRIE §7.1.3 & §7.1.4.

BRDDH B ANDA.

(6),(7) t& =z = [0,30] T
plot ¥ XK.

2RE §7.1.5 2. /R
DHBNDH.



