Penseive header: Finding the most general Runge-K utta method.

n=2;, m=2;

G ear [¢];

¢[Xol = Yo,
do[X_]1 = &[X];

o [x_1 /; kz1 1= ¢x[x] = Expand[
Ox (dk-1[X1) /. ¢0' [X] = f[X, do[X]]
1;

n l . .
EX&CtSEI’ieS:Z—d)k[X] h* /. X = Xg /. {f [Xo, Yol - fo o0, fa_io) [Xo0, Yo] = fi,j}
oo k!

1
y0+hf0,o+5h2 (fo,ofo,1+f1,0)

ki = f [Xo, Yol.
Tabl e[

j-1
K =f[Xo+h)’j, y0+hZaj,i ki],
io1

{2 m
]:

m
y1 = y0+hZ/3j ki ;
i

Appr oxi mati onSeries =
(Series[yis, {h, 0, n}] // Normal // Collect[#, h, Sinplify] & /.
{f x0. Yol » fo0. fU=I)x0, yol = fi j}

Yo+h (B1+82) foo+h?B2 (vaf10+f00f0,1021)
Uni on[Cases[ExactSeries, f Infinity]]
{fo,0, fo,1, f1,0}

sol = Sol veAl ways [
Exact Seri es == Approxi mati onSeri es,
Uni on[{h}, Cases [Exact Series, f_, , Infini ty]]

]
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{{B1 -~ 2 Yz%zﬁz 012,192/32}}



2| StableRungeKutta.nb

kl = -1;
Tabl e[

j-1
kj =_hZaj’iki’
i=1
4,2 m
m
Y1 = hZBJ kj
j=1

h (-B1+hB2az 1)
h(-B1+hpByay 1) /. First[sol]l /. B2-p

h
h [—1+—+B
2

h
Pl ot3D[h (_1+§+/3]' th, 0, 3}, {B, O, 1/2}]

3700

Solve[(h (-B1+hByaz1) /. First[sol]) =1, h]

{{h%l—ﬁz—\/3—2/ﬁz+/3% } {h—>1—/32+«/3-2/32+/3§ }}



