18.336 spring 2009 lecture 10
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Elliptic Equations and Linear Systems

In rectangular geometries, construct 2D /3D from 1D by Tensor product.

Ex.- { _(Uzz+uyy):f (x,y) E]_171[2 }
= u=0 on 0f)
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e.g.: o finite difference
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Matlab:

K2D = kron(I1D, K1D) + kron(K1D, I1D)



Lexicographic ordering:
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Also possible: red-black ordering
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(advantageous for elimination)

3D:
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K3D = kron(K2D, I1D) + kron(I2D, K1D)
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Alternative to Tensor product: directly by Taylor expansion



Ex.: 2D Poisson equation:
—(Uzz +uyy) = f

Tl=

®

5-point stencil 9-point stencil

h2
Vslu = V2u + E(umm + Uyyyy) + O(hY)
2 2 h? 4
Vo'u = Vu + 19 (Uzzzz + 2Usayy + Uyyyy) +O(R7)
—V2(V2u)=V2f

Advantage of 9-point stencil: deferred correction

h2
—V92Uzj = f(DCi, Z/i) - Ev2f(xiayi>'

Fourth order scheme.
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