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ùDúåûü cãäåJý1 a7d

1) l7øwþÿå!J"càÆá h #´µ8ºÄd6âq

2) t e h ì í�T�ne$Î%h

#define dt 0.01       /* _`àÆá */

#define STEP_MAX 1000 /* $_` 10.0 rO */

double fn(double, double); /* �l7 */

void euler(double, double, double*, double);

main()

{

  long step;

  double t, x, x_next;

  x=0.1;   /* ´µ8âq */

  for(step=0; step<STEP_MAX; step++){

    t = step*dt;

    euler(t, x, &x_next, dt);

    x = x_next;

  }

}

x(t + h) P\&7 x_next e'

op%(c)*+od

1 a76¡¢
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l7 eulerc1a7d

void euler(double t, double x, double *x_out, double h)

{

  /* t, x, h sR t+h 6]^e!"op x_out e'op%( */

  double tmp;

  tmp = x + h*fn(t, x);

  *x_out = tmp;

}

double fn(double t, double x)

...

l7 euler e�þMhn\��a7 t VàÆá h ì í,w�vo�X�

l7v&7 t,  x(t), h e¾¿Tn\ t + h 6]^ x(t+h) e&7e9opl7�þMo

�v%h�6nhT

-_à -]^ ¼.A/ù6]^ àÆá
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1) !"23e4y6Í5O5J"67äCvÏ²cC ùDúå8@úd

!"!!!!#"!!

!"!!#!#"!$

!"!!$!#"!%

"""

t x(t)

.9J.O�:T

2) Mathematica vwT5J"6;Æ<Æn01b

% /usr/local/bin/mathematica &Mathematica 6=�P"J8>CsR

SetDirectory[“~/keisanki-1-2009/”]

5J"67äCVQT5?H@KAe SetDirectory BC@DOEq

Mathematica PFGHnIGHe��hT6OJ¬K

1 a76¡¢

~ PLJû5?H@KAM
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ÙÝ

5J"67äC6;Æ<Æ

data = ReadList[ “data_file”,  {Real, Real}]

ReadList BC@DeWXp\67äCN data_file 667äCsR 

( x ,O, y ,O ) 6PO5J"e78nop;Æ<,�;Æ<Qì�6cA.Kdv 

data nX�NReS T

5J"eúå6vTk

ListPlot[ data, PlotJoined->True, PlotRange->All ]

(x ,O, y ,O) 6Í565J"eúå6nopTk

PlotJoined->True P5J"UVe2�ãùWX@

PlotRange->All Púå66YZc[\dPh]p6YZnhTãùWX@

PlotRange->{0, 10} nhTn\[\6YZV 0 sR 10 nºT
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Mathematica vwT789

Mathematica eWXp�12345e78¨v9k�nVOÝT�C ùDúå8@úvwT23n

^_opÆTnwXìß�

deq = { x’[t] == (1 - x[t])x[t], x[0] == 0.01} `6´µ8¶·e 

deq nopq��

Mathematica OP«5P == OQT�nvJ¬

sol = NDSolve[ deq, x[t], {t, 0, 10}] ´µ8¶· deq e �` 0 ! t ! 10 O78¨v9

Ý\sol nNS T�

Plot[ Evaluate[ x[t]/.sol ] , {t, 0, 10}] 78¨v9X�23e t 6l7nopTk�

x[t]/.sol/.t->5 x(5) e78¨v½�T�

/. P`a6CJCebavcdhT�neæh
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¼6�123456´µ8¶·eàÆá h = 0.1 eþ h = 0.05 6ãäåJEO9Ý\9

Ò9c&2O½�wdn^_Èw�^_Pyf6Í5OMuhT�n�

9Ò9 ïÛ789

9Ò9 ïÛ789

àÆá h ef2vhTn96èéPÄ64éghhTsijÈw

r�789eúå6nop01bÈw
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l7 eulercja7d

l7 euler e�þMhn\��a7 t VàÆá h ì í,w�vo�X�

l7v&7 t,  x(t), h e¾¿Tn\ t + h 6]^ x(t+h) e&7e9opl7�þMo

�v%h�6nhT

-_à -]^ ¼.A/ù6]^ ¼�

void euler(double t, double x[], double x_out[], int n, 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!double h)

{

  /* t, x[], n, h sR t+h 6]^e!"op x_out[] e'op%( */

  /* n m6�l768e½�TnoVQT */

}

void derivs(double t, double x[], double derivatives[], int n)

{

  ...

}

àÆá
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ja76�l76!"

n m6�l768e&7e'op%h

l7eq�opWXT�

void derivs(double t, double x[], double derivatives[], int n)

{

  /* t, x[], n sR�l7e!"op derivatives[] e'op%( */

}

_à ]^ �l768 ¼�
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l7 euler (ja7d6pq

#define DIM! 2 !/* ¼�ca767d6âq */

main()

{

  ...

}

void euler(double t, double x[], double x_out[], int n, double h)

{

  int i;

  double x_tmp[DIM], derivatives[DIM];

  derivs(t, x, derivatives, n);  /* �l768e½�T */

  for(i=0; i<DIM; i++)           /* Euler E */

    x_tmp[i] = x[i] + h*derivatives[i];

  

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

    x_out[i] = x_tmp[i];         /* &7e'opÁ"23e%( */

}
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Euler EùDúåûücja7d

#define DIM 2         /* ¼� */

#define dt 0.01       /* _`àÆá */

#define STEP_MAX 1000 /* $_` 10.0 rO */

void derivs(double, double[], double[], int);

void euler(double, double[], double[], int, double);

main()

{

  long step;

  double t, x[DIM], x_next[DIM];

  x[0]=0.1;   /* ´µ8âq */

  x[1]=0.2;

  for(step=0; step<STEP_MAX; step++){

    t = step*dt;

    euler(t, x, x_next, DIM, dt);

    x[0] = x_next[0];

    x[1] = x_next[1];

  }

}

...
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問題 2

van der Pol 6~�q

! > 0

! = 1.0,  0.5, 0.1 nhTn96~TrXPÄ�º

Tss]wc´µ8Ptud

v\e t, [\e x1 n x2 no�úå6n\

v\e x1(t), [\e x2(t) no�wxyz69{|6}�6úå6eT 

Euler 法により下記の2変数微分方程式を数値的に解け

H21 奈良女子大学理学部　情報科学科　計算機実験1

2 a7�12345601b

1) !"23e4y6Í5O5J"67äCvÏ²

!"!!!!#"!!!$"!!!

!"!!#!#"!$!#"&'

!"!!$!#"!%!#"&(

"""

t x1(t)

.9J.O�:T

x2(t)

2) 5J"67äC6;Æ<Æ

data = ReadList[ “data_file”,  {Real, Real, Real} ] ;

67äC data_file sR ( t, x1, x2 ) ePnop785J"e;Æ<,

;Æ<Qì�6v data nX�NReS T

BC@D6�~v�8BD@ ; eS Tn$�23eMuoºX
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ÙÝ

data P {{t0, x0, y0}, {t1, x1, y1}, {t2, x2, y2}, ... } nX�Í5vºÉpXT

dataT = Transpose[data];

Transposec�ÜdBC@DvwÎ\data 6>2e�Üo��6e dataT nhT

�YvwÎ dataT P {{t0, t1, t2, ... }, {x0, x1, x2, ... }, {y0, y1, y2, ...}} nºT

dataX = Transpose[ {dataT[[1]], dataT[[2]] } ];

dataT 6� 1 >2n� 2 >2eÅÆ¢ÇÈp��o\��v

( t, x(t) ) 65J" dataX nhT

dataY = Transpose[ {dataT[[1]], dataT[[3]] } ];

dataXY = Transpose[ {dataT[[2]], dataT[[3]] } ];

Ë�vop ( t, y(t) ) 65J" dataY \( x(t), y(t) ) 65J" dataXY e�kT
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ÙÝ

_��5J"eúå6vTkBC@D ListPlot eWXp\v\e_à t \[\e:Y�Y x(t),  

y(t) no�úå6eTÝ\NReS T

gx = ListPlot[ dataX, PlotJoined->True, PlotRange->All]

gy = ListPlot[ dataY, PlotJoined->True, PlotRange->All]

2 �6úå6e Show BC@DOt�¢ÇÈpæl

Show[gx, gy]

v\e x(t), [\e y(t) no�úå6cwxyz696{|deTk

ListPlot[ dataXY, PlotJoined->True, PlotRange->All]
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3 a7�12345601b

!"!!!!#"!!!$"!!!)"!!

!"!!#!#"!$!#"&'!)"!)

!"!!$!#"!%!#"&(!)"!*

"""

t x(t)

.9J.O�:T

y(t)

data = ReadList[ “data_file”,  {Real, Real, Real, Real} ];

67äC data_file sR ReadList BC@DeWXp( t, x, y, z ) ePnop785J

"e;Æ<,

;Æ<Qì�6v data nX�NReS T

z(t)

1) !"23e4y6Í5O5J"67äCvÏ²

2) 5J"67äC6;Æ<Æ
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ÙÝ

data = {{t0, x0, y0,z0}, {t1, x1, y1 ,z1}, {t2, x2, y2 ,z2}, ... } nX�Í5vºÉpXT

dataT = Transpose[data];

Transpose BC@DvwÎ\data 6>2e�Üo��6e dataT nhT

�YvwÎ dataT = {{t0, t1, t2, ... }, {x0, x1, x2, ... }, {y0, y1, y2, ...}, {z0, z1, z2, ...}}

dataX = Transpose[ {dataT[[1]], dataT[[2]] } ];

dataT 6� 1 >2n� 2 >2e�ÝMo\��v dataX nhT

dataY = Transpose[ {dataT[[1]], dataT[[3]] } ];

dataXYZ = Transpose[ {dataT[[2]], dataT[[3]], dataT[[4]] } ];

Ë�vop (t, y(t)) 65J" dataY \ (t, z(t)) 65J" dataZ \øwþ

(x(t), y(t), z(t)) 65J" dataXYZ e�T

dataZ = Transpose[ {dataT[[1]], dataT[[4]] } ];
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ÙÝ

v\e_à t \[\e x(t), y(t), z(t) no�úå6eTk�

gx = ListPlot[ dataX, PlotJoined->True, PlotRange->All]

gy = ListPlot[ dataY, PlotJoined->True, PlotRange->All]

3 �6úå6et�¢ÇÈpæl

Show[gx, gy, gz]

3 ¼��`6\e:Y�Y x(t), y(t), z(t) no�úå6cw�`�69{|deTkv

P\3 ¼�úå6ÿ/�J�eQRs��;Æ<QOøk

ScatterPlot3D[dataXYZ, BoxRatios->{1,1,1}, ViewPoint->{0.810, -2.475, 2.160}]

gz = ListPlot[ dataZ, PlotJoined->True, PlotRange->All]

ãùWX@ ViewPoint P0VeEqc���d

<<Graphics`Graphics3D`
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Mathematica vwT789

deq2 = { x1’[t] == –x2[t] – x1[t]^2, x2’[t] == 2 x1[t] – x2[t], x1[0] == x2[0] == 1}

sol2 = NDSolve[ deq2, {x1[t], x2[t]}, {t, 0, 20}]

Plot[ Evaluate[ x1[t]/.sol2 ], {t, 0, 20}]

Plot[ Evaluate[ x2[t]/.sol2 ], {t, 0, 20}]

ParametricPlot[ Evaluate[ {x1[t], x2[t]}/.sol2 ], {t, 0, 20}]

`6´µ8¶·e deq2 nopq�

�` 0 ! t ! 20 O78¨v9k

v\e t no�úå6eTk

wxyz69{| ( x1(t), x2(t) ) eTk
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úå6e LaTeX v�Î<,3E

Mathematica OTX�úå6e EPS Í5O67äCvÏ²�(EPS: Encapsulated PostScript)

LaTeX D��!@K6ùA�@�Cvye���

\usepackage{graphicx}

EPS úå6 graph.eps e�Î<,

\includegraphics{graph.eps}

\begin{cetner}

\includegraphics[width = 5cm]{graph.eps}

\end{center}

÷e��:ß¿\vá 5cm v�I�FopælhT¡¢

Ï²o�Xúå6e ¡op\Mathematica 6!¢�JsR\

" Edit ---> Save Selection As ---> EPS 


