Vlnova rovnice
Prepis do prvniho fadu v case
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Numericky integrator pro MOL

= rhs = Compile[{{x, _Real, 1}, {u, _Real, 2}},
Module[{i, j, f, dx, n=Length[u], uo, iy = 1, ix = 2},
dx = x[[2]] - x[[1]];
ud ={0., 0.};
f=u;
fI21] = {ull1, ix]], 0};
fIl-11] = {ulln, ix11, ©};
For[i=2, isn-1, i++,
fI3, 1ll = ulli, ix1l;
fIli, ix1l = (ulli-1, igll-2+ulli, i@ll+ulli+1, igl)/ (dx"2);
I
f]
, CompilationOptions - {"InlineExternalDefinitions" - True}];
(*<<"CompiledFunctionTools "

CompilePrint[rhs]*)

MOL == Method of lines

1. nejprve zavedu kone¢nédim. prostor funkci proménné x
2. dostanu velkou sadu ODR

3. tu feSim spolehlivou num. metodou

Zde numericky integrator RK3

n2l= (* Heun's RK3, no explicit time 1in rhs %)
RK3Step[x_, u_, dt_] :=Block[{ul, u2, u3, dt3},
dt3 =dt/ 3.3

ul = u+dt3rhs[x, u];
u2 = u+2dt3rhs[x, ul];
u3 = ul+dtrhs[x, u2];

0.75u3+0.25u
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In[3]:=

Out[12]=

gO[x_Real] := If[x >0.5& & x < 0.75, {Sin[4 Pi x], 0}, {0, 0}]

nDomain = 300;
xDomain = Range[0., 1, 1/ nDomain];

ulnit = g0 /@ xDomain;

tFin = 1;
dtPrint = 0.05;

cfl = 0.867;

to0 = 0;

dx0 = xDomain[[2]] - xDoma-in[[1]];
dte = cfl » dx0

u@ = ulnit;

tPrint = t0;
results = {};
(*u0
u@ = RK3Step[ xDomain, u0,dto]
%)
Do[
If[t0 = tPrint, AppendTo[ results, {t0, ud}];
ud@ = RK3Step[ xDomain, u0, dto];
t0 += dt0;
, {iStep, 1, Round[tFin/ dt0e]}]

0.00289

tPrint += dtPrint];
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Out[18]=

In[19]:=

Table[
ListLinePlot[ Transpose@{xDomain, results[[k, 2, ;; , 1]},
PlotRange -» {-1, 1}, PlotTheme = "Scientific",
PlotLabel - "t=" <> ToString@results[[k, 1]], ImageSize » 666],
{k, 1, Length@results}
I
ListAnimate@ %
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Explf s]
ExpS = Series[%, {s, 0, 3}] // Normal

ParametricPlot[ {{Re[%], Im[%]}, {Re[%%], Im[%%]}}, {s, —Pi, Pi},
PlotRange » ({H, H} &)@{-1.1, 1.1}, PlotTheme » "Detailed", ImageSize - Large]

Simplify[Re[ExpS]*2 + Im[ExpS]*2, Assumptions = s € Reals]
Solve[% == 1, s]
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ourz- = (36-3 s+ 56)
36

outz3le {{s 50}, {s > 0}, {s - 0}, {s - 0}, {s N —\/;} {s > \/;}}

in[ = FindRoot[ Abs[ExpS] == 1, {s, 2}]
ouf- J-{s = 1.73205}

Problém:
UkaZte, Ze uvazovana RK3 metoda da pro U jez je vlastni hodnotou operatoru pravé strany presné
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U(t+dt) =(1+is- - T) u(t)

- 1-{0, 1, 2, 3, 9, 10}

With[{n = 10}, Table[Cos[k x] /. k » k1/ nPi/Ax /. Ax » 1/ n, {k1, %}]] // N;
Plot[ %, {x, 0, 1}, PlotTheme - "Scientific"]
ListLinePlot[ Transpose@Table[%%, {x, 0, 1, 1/ 10}], PlotTheme - "Scientific"]

our- -{0, 1, 2, 3, 9, 10}
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- 1= Eigenvalues[{{0, 1}, {2 (Cos[k Ax]-1)/ Ax*2, 0}}]
FullSimplify[%, Assumptions - Ax > 0]

With[{n = 10},
(Table[% /. k > k1/nPi/Ax /. Ax > 1/ n, {k1, 0, 10}] /I N)

]

\/2_\/—sz+sz Cos[k AX] \/2_\/—sz+sz Cos[k AX] }

out ]f{— ,
AX? AX?
\/2_\/—1+C05[kAx] \/2—\/—1+Cos[kAx]
Outf ]:{— }
Ax ’ Ax
Problém:

1. Naleznéte realizaci d,, Ctvrtého radu

2. Ve vSech bodech x, kde to jde ji pouzijte ve funkci rhsl...]

3. UkaZte v ¢em jsou vysledky lepsi a v ¢em horsi

(vyuZzijte, Ze pro malé Casy znate d’Alembetovo feSeni vinové rovnice )



