
ʲඍ෼ํఔࣜ ʢrਅ֋ʣ 7

3 CϓϩάϥϜΛ༻͍ͨඍ෼ํఔ࣮ࣜश

3.1 ϑΝΠϧͷμ΢ϯϩʔυͱల։

࣍ͷखॱʹैͬͯɼαϯϓϧϓϩάϥϜ̎ͭΛμ΢ϯϩʔυͯ͠ɼࣗ෼ͷσΟϨΫτϦʹ४උ͢Δɽ ԋशࣨͰͷतۀͷॳճʹߦ
͏1. λʔϛφϧιϑτ΢ΣΞͰɼ͜ͷतۀઐ༻ͷσΟϨΫτϦΛ࡞੒͢Δɽ

cd ~
mkdir DE
cd DE

2. FirefoxͳͲɼWWWϒϥ΢βΛىಈ͠ɼຊतۀͷ webϖʔδΛ։͘ɽ
ϙʔλϧαΠτ͔ΒʮֶशࢧԉαΠτ (Learning Support Sites)ʯ΁ɼ৘ใՊֶ෦ʮ৘ใγες
ϜֶՊʯ΁ɼͦͯ͠ʮਅ֋ʯ΁ɼʮ୲౰तۀʹؔ͢ΔϖʔδʯΛΫϦοΫͯ͠ਐΉɽ
͋Δ͍͸ҎԼͷ URLΛࢦఆ͢Δɽ
http://www.oit.ac.jp/is/shinkai/lecture/
͞Βʹʮඍ෼ํఔࣜʯΛ։͖ɼDE1.cͱ DE2.cͷϑΝΠϧΛ 2ͭμ΢ϯϩʔυ͢ΔɽʢͦΕͧΕ
ϑΝΠϧ໊ΛӈΫϦοΫͯ͠ʮ໊લΛ͚ͭͯͯϦϯΫઌΛอଘʯ͢Δʣɽ
μ΢ϯϩʔυͨ͠ϑΝΠϧ͸ɼઌ΄Ͳ࡞੒ͨ͠ DEσΟϨΫτϦʹೖΕΔɽ

3. λʔϛφϧͰɼls ͯ͠ɼ2ͭͷϑΝΠϧʢDE1.cͱ DE2.cʣ͕͋Δ͜ͱΛ֬ೝ͠Α͏ɽ͜ͷ̎ͭ
ͷϓϩάϥϜϑΝΠϧ͸ɼԿ౓΋ॻ͖͑׵ΔͷͰɼෆ༻ҙʹഁյ͠ͳ͍Α͏ʹɼ͸͡Ίʹίϐʔ
Λͱ͓ͬͯ͘ͱΑ͍ɽ

cp DE1.c DE1_original.c
cp DE2.c DE2_original.c

3.2 ຊతͳར༻ํ๏ج

͍͔ͭ͘ͷ՝୊ʹରͯ͠ɼ࣍ͷ͜ͱΛ͏ߦɽ

1. ϓϩάϥϜϑΝΠϧʢDE1.c, DE2.cʣΛඞཁʹԠͯ͡ฤू͢Δɽ
DE1.cɹ 1֊ͷඍ෼ํఔࣜΛ Euler๏Ͱղ͘ϓϩάϥϜɽղੳղ΋ϓϩοτͰ͖Δɽ
DE2.cɹ 2֊ͷඍ෼ํఔࣜΛ Euler๏Ͱղ͘ϓϩάϥϜɽղੳղ΋ϓϩοτͰ͖Δɽ

2. ϓϩάϥϜΛίϯύΠϧ͢Δɽ
DE1.cͷϓϩάϥϜΛίϯύΠϧ͢Δͱ͖ʹ͸ɼ

gcc -o DE1.exe DE1.c -lm

-lm͸ɼmath.hΛΠϯΫϧʔυ͢ΔͨΊͷΦϓγϣϯͰ͋Δɽ-oͷ௚ޙ͸ੜ੒͞ΕΔ࣮ߦϑΝ
Πϧͷ໊લʹͳΔɽ

3. ϓϩάϥϜΛ࣮͢ߦΔɽ
ϑΝΠϧ͸ɼDE1.exeʹͳΔͷͰɼߦͷίϚϯυΛ༻͍ͯίϯύΠϧ͢Δͱɼ࣮ه্

./DE1.exe

4. ϓϩάϥϜ͸ɼ2ͭͷϑΝΠϧʢoutput.numerical, output.analyticʣΛ݁Ռͱͯ͠ੜ੒͢Δɽ
output.numericalɹ Euler๏Ͱղ͍ͨ݁ՌϑΝΠϧɽࣜͷೖྗɼॳظ৚݅ͷઃఆ͕ਖ਼͚͠Ε͹ɼͦΕͳ

Γͷਖ਼͍݁͠ՌʹͳΔ͸ͣɽ
output.analyticɹ ղੳղϑΝΠϧɽࣗ෼Ͱղ͍ͨ౴͑Λؔ਺ͱͯ͠ೖྗ͓͖ͯ͠ɼͦͷ਺஋Λग़ྗ

͢Δɽࣗ෼ͷղͱೖྗ͕ਖ਼͚͠Ε͹ɼ਺஋ղͱҰக͢Δ͸ͣɽ
྆ऀΛ gnuplot Ͱάϥϑʹͯ͠ɼҰக͍ͯ͠Δ͔Ͳ͏͔Λ͔֬ΊΔɽgnuplot Λ։͖ɼ

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

͋Δ͍͸

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

ਤΛ఺Ͱ͸ͳ͘ɼઢͰඳ͘ͱ͖ʹ͸

gnuplot> plot "output.numerical" with line, "output.analytic" with line
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3.3 DE1.c

ϓϩάϥϜϑΝΠϧ DE1.cͰ͋ΔɽղಡͤΑɽ Ͳ͜Λॻ͖ͨ͑׵Βྑ͍
͔ɼΛཧղ͢Δ͜ͱɽ

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

#define Y0 2.0 /* Initial Value y(0) */
#define X0 0.0 /* starting coord x0 */
#define XMAX 10.0 /* ending coord xmax */

int main(void)
{

char filename1[] = "output.numerical";
char filename2[] = "output.analytic";
FILE *fp1, *fp2;
double x=0.0, dx=0.01;
double y=0.0;
double z=0.0;
double dydx=0.0;
// open files
fp1 = fopen(filename1, "w");
fp2 = fopen(filename2, "w");
// x-Loop
x = X0;
y = Y0;
while(x < XMAX){

// *** Set your problem below
// dydx = right-hand side of the 1st order DE
dydx = -0.5 * cos(x) * y;
dydx = -0.5 * y + exp(-0.2 * x);
dydx = -0.5 * y + sin(x);
dydx = -0.5 * y + 1.0;
dydx = -0.2 * x * y;
dydx = -0.2 * y;
// Set your problem ... end
// *** Write your analytic solution below
z = exp(x) * Y0;
z = exp(-0.2 * x) * Y0;
// Analytic solution ... end

// output
printf("%10.3f %11.5f %11.5f %12.8f \n", x,y,z,y-z);
fprintf(fp1,"%12.5f %12.5f\n", x,y);
fprintf(fp2,"%12.5f %12.5f\n", x,z);

// Forward Difference
y += dydx * dx;

// next x
x += dx;

} // end of x-loop
// close files
fclose(fp1);
fclose(fp2);
return 0;

}

͓·͡ͳ͍

ɹ Y0ɹ͸ॳظ஋ɽ
ɹ X0ɹ͸࢝Ίͷ xͷ஋ɽ
ɹ XMAX ͸࢝Ίͷ xͷ஋ɽ

͜͜ʹ໰୊ͱͳΔඍ෼ํఔࣜΛ
ॻ͖Ճ͑Δɽ͍ͭ͘ॻ͍ͯ΋ɼ
͍ͪ͹ΜԼͷߦͷ΋ͷ͕༗ޮʹ
ͳΔɽ

͜͜ʹࣗ෼ͷղ͍ͨ౴͑Λॻ͖
Ճ͑Δɽ͍ͪ͹ΜԼͷ͕ߦ༗ޮ
ʹɽ
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3.4 ඍ෼ํఔࣜͷࢉܭʲ1֊ͷඍ෼ํఔࣜʳ

C.1 ϓϩάϥϜ DE1.c ͱ DE2.c Ͱ༻͍͍ͯΔͷ͸ɼඍ෼ํఔࣜΛղ͘खஈͱͯ͠͸ɼ࠷΋جຊతͳ
લਐ Euler๏ͱݺ͹ΕΔ΋ͷͰ͋ΔɽڭՊॻΛಡΜͰɼݪཧΛཧղͤΑɽ Պॻڭ §7.1.3ͱ §7.1.4ɽ

C.2 ҎԼͷ໰୊Λղ͖ɼͦͷ౴͑ΛಘͨޙɼϓϩάϥϜ DE1.c Ͱ໰୊ͱͳΔඍ෼ํఔࣜͱղ౴ͱͳΔ
ղੳղΛೖྗ͠ɼ྆ऀ͕Ұக͢Δ͜ͱΛ͔֬ΊΑɽ

(1) y′ = −2y, y(x = 0) = 2

(2) y′ = 3y, y(x = 0) = 0.1

(3) y′ = y(y − 2), y(x = 0) = 1

(4) y′ = y(y − 2), y(x = 0) = −1

(5) y y′ + x = 0, y(x = 0) = 2

(6) y′ + y = 2x2 + 4x− 1, y(x = 0) = 2

(7) y′ + y = 2ex, y(x = 0) = 1

(8) y′ − y = 2e−x, y(x = 0) = 0

(9) y′ + 2y = e−2x, y(x = 0) = −2

(10) y′ + 3y = 5 sinx− 5 cosx, y(x = 0) = 2

C.3 ੵ෼ͷ෦෼Λɼલਐ Euler๏Ͱ͸ͳ͘ɼ୆ࣜެܗ΍γϯϓιϯެࣜΛ༻͍ͯվྑͯ͠ΈΑ͏ɽ ༨༟ͷ͋ΔਓͷΈɽ

3.5 ඍ෼ํఔࣜͷࢉܭʲ2֊ͷඍ෼ํఔࣜʳ

C.4 ϓϩάϥϜ DE2.c Ͱ͸ɼ2֊ඍ෼ํఔࣜΛղ͍͍ͯΔ͕ɼͲͷΑ͏ʹղ͍͍ͯΔ͔ɼղಡͤΑɽ

C.5 ؔ਺ y(t)ʹ͍ͭͯҎԼͷඍ෼ํఔࣜΛղ͚ɽϓϩάϥϜ DE2.c Ͱ໰୊ͱͳΔඍ෼ํఔࣜͱղ౴
ͱͳΔղੳղΛೖྗ͠ɼ྆ऀ͕Ұக͢Δ͜ͱΛ͔֬ΊΑɽ

(1) y′′ + 4y = 0, y(t = 0) = 2, y′(t = 0) = 0

(2) y′′ + 4y = 0, y(t = 0) = 0, y′(t = 0) = 2

(3) y′′ − 4y = 0, y(t = 0) = 1, y′(t = 0) = 0

(4) y′′ − 4y = 0, y(t = 0) = 1, y′(t = 0) = −1

C.6 ؔ਺ y(t)ʹ͍ͭͯҎԼͷඍ෼ํఔࣜΛղ͚ɽϓϩάϥϜ DE2.c Ͱ໰୊ͱͳΔඍ෼ํఔࣜͱղ౴
ͱͳΔղੳղΛೖྗ͠ɼ྆ऀ͕Ұக͢Δ͜ͱΛ͔֬ΊΑɽ

(6),(7) ͸ x = [0, 30] Ͱ
plotͤΑɽ(1) y′′ − y′ − 6y = 0, y(t = 0) = 1, y′(t = 0) = −1

(2) y′′ − y′ − 6y = 0, y(t = 0) = 1, y′(t = 0) = −2

(3) y′′ + 4y′ + 4y = 0, y(t = 0) = 2, y′(t = 0) = 6

(4) y′′ + 2y′ + 10y = 0, y(t = 0) = 3, y′(t = 0) = 0

(5) y′′ + 2y′ − 8y = 18e−t, y(t = 0) = −2, y′(t = 0) = 1

(6) y′′ + 5y′ + 6y = 5 sin t, y(t = 0) = 3, y′(t = 0) = 0

(7) y′′ + 4y = sin 2t, y(t = 0) = 1, y′(t = 0) = 0

C.7 Runge-Kutta๏Λ༻͍ͯੵ෼Ͱ͖ΔΑ͏ʹɼϓϩάϥϜΛվྑͤΑɽ Պॻڭ §7.1.5 রɽ༨༟ࢀ
ͷ͋ΔਓͷΈɽ


