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Equacao da onda
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Discretizacao: Leap-frog
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1 % Script to simulate a travelling wave - N ~ 20 .
2] functizn Wave2D_Dirich(n) £ P Find Ei%i@
3

4 dt = 4/n"2;% max is pi~2/(2*N~2);

5

6 xs = -cos( (@:n)."*pi/n); ys = xs;

7 D = Generalized Diff_Mat(xs); D2 = D*2; %Dx = Dy

8 [xx,yy] = meshgrid(xs,ys);

9 U = exp(-40*((xx-0.4)."2 + yy."2)).*(1-xx."2).*(1-yy."2);

10 %%

11 Uold = U;

12

13 %%

14 kmax = round(3/dt);

15 %% Data for spectral plot

16 xp = linspace(-1,1,181)."; yp = xp; [xxx,yyy] = meshgrid(xp,yp);
17 MI = MI_Bary(xs,xp);

18 %%

19  for k = @:kmax

20

21 Uyy = D2*U; Uxx = U*D2.';

22

23 %% Advancing in time

24 Unew = 2*U - Uold + dt”"2*(Uxx+Uyy);

25 Unew([1,n+1],:) = ©; Unew(:,[1,n+1]) = ©;% Dirichlet
26 Uold = U; U = Unew;

27 %% Spectral plot

28

29 Uplot = (MI*U)*MI.';

30

31

32 surf(xxx,yyy,Uplot);

33 axis([-11 -11 -117);

34 shading interp;

35 axis off

36 set(gcf, 'position',[© 2680 14e8 800]);

37 pause(9.1)

38 - end
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1 % Script to simulate a travelling wave - N ~ 20

2]  function Wave2D_Neum(n)

3

4 dt = 4/n*2;% max is pi~2/(2*N"*2);

5

6 Xs = -cos( (@:n)."'*pi/n); ys = Xs;

7 D = Generalized_Diff_Mat(xs);

8 [xx,yy] = meshgrid(xs,ys);

9 U = exp(-48*((xx-0.4).72 + yy."2)).*(1-xx."2).*(1-yy."2);
1@ %%

11 Uold = U;

12

13 %%

14 kmax = round(3/dt);

15 %% Data for spectral plot

16 Xp = linspace(-1,1,101)."; yp = xp; [xxx,yyy] = meshgrid(xp,yp);
17 MI = MI_Bary(xs,xp);

18

19 %% Neumann

20 Din = D; Din([1,n+1],:) = ©;

21 %%

22[-]  for k = @:kmax

23

24 Uy = D1n*U; Uyy = D*Uy, Ux = U*D1n.'; Uxx = Ux*D.';
25

26 %% Advancing in time

27 Unew = 2*U - Uold + dt™2*(Uxx+Uyy);

28 % Unew([1,n+1],:) = @; Unew(:,[1,n+1]) = @; %Only for Dirichlet
29 Uold = U; U = Unew;

3e %% Spectral plot

31

32 Uplot = MI*U*MI.';

33

34

35 surf(xxx,yyy,Uplot);

36 axis([-11 -1 1 -1 1]);

37 shading interp;

38 axis off

39 set(gef, 'position’',[@ 200 1480 808]);
40 pause(©.1) 55
41
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43 -  end
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Produto de Kronecker

If Ais an m x nmatrix and B is a p x g matrix, then the Kronecker product A ® B is the pm x gn block matrix:

-EL“B ﬂlnB
A®B= ; : :
_'flmlB Tt amnB_
_l_U 5] 2_{} 517 [1x0 1x5 2x0 2x5] 0 5 0 107
[1 2}@{0 5]_ 6 T 6 T]| |1x6 1x7 2x6 2x7| |6 7 12 14
3 4 6 7| 3'0 5] 4'0 511 [3x0 3x5 4x0 4x5| [0 15 0 20
(6 7] 6 7] | 13x6 3xT7 4x6 4x7] |18 21 24 28

Matlab: Al B= kron(A, B);

Osvaldo Guimardes



Propriedades

A9B+C)=A®B+A®C, =
(B+C)®A—-B®oA+CoA,
(kA)®@B = A® (kB) = k(A ® B),
(AB)® C=A® (B®C)
AR0=0®A 0,

u
:

(A®@B)(C®D) = (AC)® (BD).
(AB) '=A"'@B "
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Como aplicar a diferenciacao matricial
para uma matriz M do grid da fungao?

Os valores da funcao em ¥ sdo representados nas colunas.

Os valores da funcdo em X sdo representados nas linhas.

CF (x, y)
L Ix

Assim,

=(D,:M") = M:D]
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Considere: AF = f'(x,y) (x,y)¢€ [—1,1]2 c R’

Discretizado espectralmente, o problema fica:

T
DRk (Df) =f Equagdo de Sylvester: AX+ XB=C

Modificar p/ que F' seja a matriz central

Aplicar somente para os pontos internos, ja que
F(0Q)=0

DXFI +1,F(D?) =f

Vec(DiF]x)+Vec([ F(Dj) ) Vec( )
[[X®Dy2]-vec(F) [D2®I} ( ) Vec( )

[]x ® Di + Dj ® ]y]-vec(F) = VGC(f) — Sistemar linear

e
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Pontos do grid

n,+1 paray e n +1 parax

Total: (ny +1)-(nx +1)= n ]

Sen,=n,=n = n, =n’+2n+1
Contorno: 2(n, +1)+2(n, —1)=2(n, +n, )
Sen, =n,=n = A, =40

(n—l—l)2 —4n:(n—1)2

12
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Programa 16 — pdg. 70

AF =10-sin[ 8x(y-1)] Q=(x,y)e[-L1] cR?

F =0 1n 0Q

Solucao de Poisson
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Sejao PDE:  AF +F =3¢, (x,y)eQ=[-11] c R

Solugdo analitica: F, =e".

a) Resolver numericamente o PDE com M =15¢ N, =20.
A condigdo de contorno & F(0Q)=F,, (0Q).

b) Interpolar para 101 pontos em cada coordenada e

exibir o grafico com a distribui¢do do erro.

14
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