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Bar example, n = 2, Collocation method
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@ Equations (216) and (217) yield,

K= [_01 _24] F= [_01] (218)

@ From Ka = F (125) and (218) we get,
= | 219
a= (219)
@ From u" = a;¢; + ¢p (117a), [¢] = {z, 22} (cf. (196b)), and ¢, = 1 (182) we have

ul,o =142 (220)
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Finite Difference method
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Collocation method versus Finite Difference

I

@ Both Collocation and Finite Difference methods directly work with the strong form and
boundary conditions.

@ Collocation method is a particular class of weighted residual method where the solution is
interpolated as u”" = ajd;+ ¢pp.

@ Finite Difference does not interpolate the solution with trial function. Rather, it uses
discrete values of the function on often regular grids to approximate differential operators.

@ Differential operators in Finite Difference method are approximate, where as in collocation
method the solution u” exactly satisfies the strong form at x;.

@ As an example, let us assume the differential operator Ljs in R; includes a Laplacian
_ 8% 2y i s ¢ 3 s 2 .
operator Au = oxd + o5 The finite difference approximation of Laplacian on a uniform
grid with size h would be,

Au(xz) = % (u(x1) + u(x3) + u(xq) + u(xs) — 4u(x2)) (150)
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Finite Difference Stencils

TABLE 3.1  Finise difference ions for varous
Fimite difference

Differectiation  approsimation Mulecules
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Source:Bathe's book, section 3.3.5.
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How do we use Finite Difference (FD) for our 1D problem
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Similarities of FD and collocation:

- They satisfy the equations at the nodes (interior residual at
interior nodes, natural BC residual at natural boundary
nodes)

- They don't involve any integrations.

- They are fast (especially the FD).

- Both are not that accurate ...
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Bar example, n = 3, Comparison of solutions
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Bar example, n = 4, Comparison of solutions
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Galerkin method
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Galerkin method can also be used in the weak statement (in



fact, for FEM, that's the only option and WRS does not work)
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As expected, it matches the solution from WRS for Galerkin
method

Ritz method:

The idea is that here we
1. Discretize the solution J\ \/\/§x/\) >
2. Minimize the energy Y S
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We want to minimize the energy







