MTH572/599/472 Project 2
Instructor: Alfa Heryudono March 2015

Project 2
Linear and Nonlinear Boundary Value Problems (1D and 2D)
Deadline and submission information are available in mycourses
All problems are of equal weights

Name :

1. Use second-order accurate (non-periodic) finite difference method to solve the following
two dimensional boundary value problem

3 1
_uxx_auyy_zu:f(-x:y) (X,y)EQ,

u=g(x,y) (x,y) €09,

where Q =[—1,1]x[—1,1] and g(x, y) = sin(rtx) cos(ry). The right hand side function
f(x,y) is derived by “plugging” in the exact solution u.,(x, y) = sin(7tx)cos(my) to the
PDE operator. Please review the “Things to Do in Class” from Lecture 4.

(a) Following Lecture 4, solve the numerical solution u for n = m = 30, plot the solution,
and compute the [[u —u_ ||o.

(b) Do the convergence test and plot the trend in loglog scale. Do you get second-order
convergence ? (Check the slope)

(c) Redo part (a) and (b) with fourth-order FDM.

2. Use second-order accurate (non-periodic) finite difference method to solve the following
two dimensional boundary value problem

(= 30U+ (4 330y, =F (1)) (6)€n
u=glx,y) (xy)eoq,

where Q =[—1,1]x[—1,1] and g(x, y) = sin(rtx) cos(ry). The right hand side function
f(x,y) is derived by “plugging” in the exact solution u.(x,y) = sin(rx)cos(my) to the
PDE operator. Please review the “Things to Do in Class” from Lecture 4.

(a) Following Lecture 4, solve the numerical solution u for n = m = 30, plot the solution,
and compute the [[u —u_ ||o.

(b) Do the convergence test and plot the trend in loglog scale. Do you get second-order
convergence ? (Check the slope)

(c) Redo part (a) and (b) with fourth-order FDM.
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3. Use second-order accurate (non-periodic) finite difference method to solve the following
two dimensional eigenvalue problem

—Au= Au (x,y)eq,
u=20 (x,y)eoQ,

where Q =[—1,1] x [—1,1].
(a) Find three largest (in magnitude) eigenvalues.
(b) Plot the eigenvectors that correspond to eigenvalues from part (a).
(c) Redo part (a) and (b) with fourth-order FDM.

4. Use second-order accurate (non-periodic) finite difference method to solve the following
two dimensional boundary value problem

_Au:f(XJJ’) (X,}’)EQ;
u=g(x,y) (x,y)€0Q,

where Q is an L shape domain defined by Q = {[—1,1] x [—1,11}\{(0,1] x (0,1]} and
g(x,y) =sin(mx)cos(my). The right hand side function f (x, y) is derived by “plugging”
in the exact solution u.(x,y) = sin(7tx)cos(my) to the PDE operator. Please review the
“Things to Do in Class” from Lecture 4.

(a) Following Lecture 4, solve the numerical solution u, plot the solution, and compute
the [lu —u,,[loo-

(b) Do the convergence test and plot the trend in loglog scale. Do you get second-order
convergence ? (Check the slope).
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