MET CS 563 FALL 2008

HOMEWORK 9-Part II: Finite Differences for Solving the Heat Equation
DUE: Thursday, 12/18/08
TOTAL: 50pts

3. FDM (50 pts)

Implement a numeric solution for the heat equation
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with finite difference methods using the implicit finite difference scheme with
a) Gauss-Seidel
b) SOR  (not required)
for an error of 0.01% between successive iterations. 
Write a driver program that tests the methods with steps

dt = 0.01 and dx = 0.1
for the following domains, boundary and initial conditions

i. Domain: 0 < x < 1

Boundary Conditions: u(x=0,t) = u(x=1,t) = 0 for all t >=0
  Initial Condtion:  u(x,0) = sin(πx) for 0 <= x <= 1
ii. Domain: -1 < x < 1 (not required)

Boundary Conditions: u(x=0,t) = u(x=1,t) = 0 for all t >=0
  Initial Condtion:  u(x,0) =         x - 1         for -1 <= x <= 0
                                                    -x + 1         for 0 <= x <= 1
The program should include the following functions:

initializeArray1 which returns an array or vector of values initialized as in i) above.

initializeArray2 which returns an array or vector of values initialized as in ii) above

These functions should take the dx as a paramater and will need to create the arrays dynamically  (if arrays are used) so that they can return an array with the appropriate number of elements depending on the range for boundary conditions and dx used.
computeGaussSeidel which computes numerical solutions for the heat equations for a set of initial value using the Gauss-Seidel method.

computeSOR which computes numerical solutions for the heat equations for a set of initial value using the SOR method.

Note: The two compute functions will need to accept at least the following parameters: dt, to determine the values for each successive computation through time.  It should also accept the array of initial values and it’s size (or vector of values if a vector is used) and the tolerance or error margin for computation (you may want to experiment with different values in your testing, but for the final version, please use .0001 as this value. 

The main() portion of your program should include four parts: two which use computeGaussSeidel (one for initial values given by initializeArray1 and one for values given by initializeArray2), and two which use computeSOR (one for initial values given by initializeArray1 and one for values given by initializeArray2),

Please include comments throughout your function describing the parameters passed to functions and elsewhere as appropriate.
The program should include the following file:

<first_name><last_name>-A9.3.cpp

References: 
Here are some online materials on the heat equation and solving it with numerical methods  you might find useful
(1)  DUKE—Engineering Mathematics--One dimensional HEAT EQUATION Module: http://www.math.duke.edu/education/ccp/materials/engin/heat/contents.html
Part 1: Sample Problem has a nice example with simulation that builds up intuition.

 

(2) Online Book for further reading

Tveito, A., and R. Winther. Introduction to Partial Differential Equations: A Computational Approach. New York, NY: Springer, 1998. ISBN: 9780387983271. (Texts in Applied Mathematics 29, are on reserve at MIT's Barker Library and at NUS's Central Library and SMA Library.) ONLINE AT SPRINGERLINK/BOOKS: http://www.springerlink.com/content/rx785w/?p=4bc4b79d24514f62b314307c0fc02eb6&pi=0 (the link is accessible through BU libraries)

Chapters: “The Heat Equation” and “Finite Difference Schemes for the Heat Equation
