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Consider the Poisson equation

—Au=f inQCR?

U=gp oOn FDa (1)
ou

%:g]v ODFN:aQ\FD.

The computational domain is unit square, i.e., Q = (0,1)2. Set I'p =

{0, ») U (L,9)}.

Problem 1. Using P; Lagrange element to solve . Choose an exact solution u,
then the source f and boundary data gp, gy can be obtained. Report
the errors in H', L? and L™ norms.

Problem 2. Using P5 (and/or P,) Hermite element to solve ([I)). See Figure [I] for
the plots of Hermite element. Report the errors in H', L? and L*®
norms.

Problem 2. Given Q C R?, consider the Allen-Cahn equation

ut—Au—i—éf(u) =0 inQr:=Qx(0,7),
ou (2)

o = 0 on 0Qp:=90 x (0,7),



(a) 2D Hermite element, (b) 2D Hermite element,
k=3 k=4

Figure 1: Plots of 2D Hermite element.

with the initial condition u|;—¢ = ug(z,y). Here, f(u) = u® —u. Given

a time step size k (k < €2), the fully implicit scheme to is defined
by seeking u" for n =1,2,---, such that

n—1

—. 3)

un n 1 n
?—AU +§f(u ) =

Using P; Lagrange element to solve on each time step. Newton’s
method is suggested to solve the nonlinear problem. Set Q = (—1,1)2,
€ = 0.02. The numerical experiments are suggested to be taken with
two different initial conditions:

(a) Circle, T = 0.14.

x2 +y2 — 0.6)
V2e '

(b) Random initial condition: u(z,y) ~ U[—1,1].

up(z,y) = tanh(



