


1. What is the Runge-Kutta Method?

2. Solutions of ODEs by using the Visual Basic
for Applications

- Building User-defined functions in VBA

- Solutions using by the 2" order RK
- Solutions using by the 4t order RK
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Runge-Kutta
2nd order
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- Solutions using by the 2" order RK
M Al o [=h*plusHap(C8, E8)]1 &

C D E F
o T Runge-Kutta Method Yie1=Yit(1-b)k, +k;

=x+y, y(0)=0
3 2nd order h = 0.1

4 b= 1 ¥i-1=Yitko)
4. [=E8+G8 12| S
8

N

i X; Vis1 Yi k, = hf(x; ¥ k, = hf(x+h/2, yi+ky/2)
| T——6:Q0.,0.0050000  0.0000000 0.0000000 0.0050000
9 1 0.10 0.0050000
10 2 0.20
11 3 0.30
12 4 0.40
13 5 050 3. [=h*plusHap(C8+h/2, E8+F8/2) ]
14 6 0.60
15 | 7 070 &=
16 8 0.80
17 9 0.90 5 [=D8] g_l_e_q
18 10 1.00
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Rungé-Kutta Method yi+1=yi+(1-b)k1+ké
dy/dx=x+y, y(0)=0
2nd order h = 0.1
b= 1 (Yis1=Yitko)
[ X; Yis1 Yi k; = hf(x, yi)) ko = hf(x+h/2, yi+k/2)
0 0.00 0.0050000 0.0000000 0.0000000 0.0050000
1 0.10 | 00050000 00105000 | 00160250 |
2 0.20
3 0.30 3 1 2
4 040
5 0.50
6 0.60
7 0.70
8 0.80
9 0.90
10 1.00
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Runge-Kutta Method
dy/dx=x+y, y(0)=0

Mg Zo)
B C
2nd order h =
b =
i X;
0 0.00
1 0.10
2 0.20
3 0.30
4 0.40
5 0.50
6 0.60
7 0.70
8 0.80
9 0.90
10 1.00

Yis1=Yit+(1-b)ks +k;

0.1
1 (Yis1=Yitka)
Yis1 Yi ki = hf(x, y)  k; = hf(x+h/2, y;+ky/2)
0.0050000 0.0000000 0.0000000 0.0050000
0.0210250 0.0050000 0.0105000 0.0160250
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‘Runge-Kutta Method Yisr=Yit (1-b)k; +k;
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X Y i ko=hftay) ke = hfseh/2, yitki/2)

000 00050000  0.0000000
1 0.10 | 00210250 | 0.005000¢
£ 0.20 | 0.049232¢
i0_30 0.090902 1.049232¢
0.40 >
i0.50 1.2204287 ).1474468 ).0647447 ).072981¢
0.60 | 0.3 5737 0.2204287 0.082042¢

1070 | 0.4 i _ ,
l0_80 ).5561818& 0.422788C 0.122278€

70_90 N.714080¢ ).5561818 ).1456182 ) 15780C
100

0.0000000 0.0050000




- Solutions using by the 4t order RK

1. 8 [h] AT
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unge-Kutta Method Vi1 =Yit+ 1/6(ks +2ka+2ks +ko)
dy/ , ¥(0)=0 4. [ =h*plusHap(C8+h/2, E8+G8/2) ]
dth order h= 0.1

> [=h*plusHap(C8, E8) ]

6. [ =E8+(F8+2*G8+2*H8+18)/6 ]

\E\% Yi-1 Yi ki = J/X, y|) kz = hf()(i+h/2, y|+|(/2) |(3 = hf(x,+h/2v i+|(2/2) k_':hf()(i+h,yi+|(3)
0.00 "0.0051708 0.0000000  0.0000000 0.0050000 0.0052500 0.0105250

0.10 0.0051708 [ %
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0.20

0.30

8‘5‘3 3. [ =h*plusHap(C8+h/2, E8+F8/2) ]
0.60

0.70

0s07. [=D8] 5 [ =h*plusHap(C8+h, E8+H8) ]
0.90

1.00
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C D E
-Runge-Kutta Method
dy/dx=x+y, y(0)=0

h= 0.1

Xi Yis1 Yi
0.00 0.0051708 0.0000000
0.10 0.0214026 0.0051708
0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

F

Yi-1=Yi+1/6(ks +2kp+2ks +ks)

0.0000000
0.0105171

0.0050000
0.0160429

ki = hf(x;, yi) k2 = hf(xi+h/2, yi+k:/2) ks = hf(x+h/2, yi+k2/2)

0.0052500
0.0163192

ks=hf(x;+h,y;+ks)

0.0105250
0.0221490
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'Runge-Kutta Method Yie1=Yi+1/6(k: +2ka+2ks +k)
dy/dx=x+y, y(0)=0

.4th order |

b= | 0.1

Xi | Yie1 | Yi | ki = hf(x;, yi) .kg = hf(xi+h/2, yi+k1/2).k3 = hf(x+h/2, yi+ka/2) ka=hf(xj+h,yi+ks)

0.00 0.0051708 0.0000000  0.0000000 0.0050000 0.0052500 0.0105250

W 00 N O n b W N =2 O -

0.10 | 0.0214026
0.20 | 0.04985¢8
0.30
0.40
0.50
0.60
0.70
0.80
0.90

—
o

1.00 10.7182797
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0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00

O W W ~N O B b W N = O
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0.0000000
0.0050000
0.0210250
0.0492326
0.0909021
0.1474468
0.2204287
0.3115737
0.4227889
0.5561818
0.7140808

X0 A 1ty 4XHO A 3ty

0.0000000
0.0051708
0.0214026
0.0498585
0.0918242
0.1487206
0.2221180
0.3137516
0.4255396
0.5596014
0.7182797

> AR =ZoldLR

(e Ax)-x-1

AXg
0.0000000
0.0051709
0.0214028
0.0498588
0.0918247
0.1487213
0.2221188
0.3137527
0.4255409
0.5596031
0.7182818

2nd @&t

0.0000000
0.0001709
0.0003778
0.0006262
0.0009226

0.0012745
0.0016901
0.0021790
0.0027520
0.0034214
0.0042010

LA SolS

4th @A}
0.0000000
0.0000001
0.0000002
0.0000003
0.0000005
0.0000006
0.0000008
0.0000011
0.0000014
0.0000017
0.0000021




Summary

1. Runge-Kutta® :

. [Alt+F11] key

2. H|7+ EH|O| A0 C|H ==Y E



