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Problem 1: FFT (25 pts.)

Consider the function f(x) represented on a set of equally spaced grid points x.=i with
i=0,...,N-1. For the case N=27, derive the fast Fourier transform algorithm. Show that
the scaling in this case is NlogN. v-A 1O 3 "2
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Problem 2: Diffusion equation (25 pts.)

Consider the diffusion equation in a finite region from 0 to L, given by
2U(z,t) = ks T(z.1).

and with mixed boundary conditions,

29(0,t) =0, and ¥(L,t) = 0,

1. Construct a grid of V points on which the centered derivative approximation for
the variable » can be implemented. (5 pts.)

2. Derive the equations for the forward time centered space scheme which solves the
diffusion equation in this case. (10 pts.)

3. Given the following information: N = 4, ¥(0,{) = A4, and ¥J = B, perform one
propagation step analytically. In other words determine ¥! foralli (i =1, ..., 4).
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Problem 3: Galerkin method (25 pts.)

Consider the ordinary differential equation f” = f on the interval 0 < ¢ < 1, with f(0) = 1.
We construct an approximate solution of the form £, () = ap + a1t + aot>. Find the

coefficients ag, a1,a>. (Notice that the basis functions are not orthogonal, but that is not a
necessary condition.)
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Problem 4: Implicit method for the diffusion equation (25 pts.)

Derive an implicit method to solve the diffusion equation with periodic boundary
conditions (15 pts.). Perform a stability analysis on the method (10 pts.).
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Worksheet 4:



