
For this assignment... Solve the heat equation in one and two dimensions, using explicit and 
implicit methods, and dimensional splitting.  This experiment will provide a basis for a time-
splitting solution to the advection-diffusion equation in two dimensions.  As a starting point 
for your numerical solution, feel free to utilize any of the provided MATLAB example codes 
posted on the website.

1) So that you can validate your one-dimensional solution results, generate in MATLAB an 
analytical solution to the heat equation for a single-wavelength Fourier mode initial 
condition, with wavelength equal to the domain size.  Specify a domain of 100 grid points 
horizontally, with ∆x=1, hence a wavelength of 100, or wavenumber of k=2π/100.  Hint: You 
may !nd the February 14th notes helpful for this.

2) Try some 1D solutions to the heat equation:

a. Generate a 1D Forward Euler explicit method solution to the heat equation.  Choose 
a diffusivity parameter κ that will allow a stable time step of ∆t=1.

b. Generate a 1D Crank-Nicolson implicit method solution to the heat equation.  

Plot the following test run:  For the analytical, Euler, and Crank-Nicolson solutions, plot 
the solution to the single-wavelength Fourier mode at t=0 and at the time when it is 
expected to have decreased by factor 1/e.  Utilize the time step ∆t=1 initially for each 
solution.  Repeat this test for ∆t=2 (just to satisfy curiosity!).   

3) Now that you have established trust with your 1D Crank-Nicolson implementation in 
MATLAB, construct a LOD two-dimensional solution to the heat equation with the same 
diffusivity.  

Plot the following test run:  Verify that the 2D solution works acceptably for Fourier 
modes speci%ed in either the x or y direction.  These are each effectively 1D problems, and 
should provide satisfactory validation.  Also investigate a single Gaussian lump in the 
center of the domain. 
  

4) Anticipate the next step: A time-splitting solution of the advection-diffusion equation.  Or, 
perhaps, a system of equations involving advection and diffusion ;-)

EP-711: Spring, 2012. Homework Project #3.  1/1

EP711: COMPUTATIONAL  ATMOSPHERIC DYNAMICS EP711 
Spring 2012, J. B. Snively

ERAU Daytona Beach Campus
Homework Assignment Project #3


