Week 3 & 4

-Introduction to numerical algorithms

-Finite-Difference in the Time-Domain (FDTD) and the numerical solution of wave
equations in 1D

-Finite-Difference in the Time-Domain (FDTD) and the numerical solution of Maxwell’s
equations in 2D

-Implementation of a FDTD code in Fortran:

Project 2:
a) Develop a Fortran code to propagate a sinusoid or a Gaussian pulse in 1D, save
outputs into a file
b) Show the animations using Matlab

*How do I create a movies in Matlab?

By plotting results for successive time iterations, and grabbing frames and store in a
movies file (.avi) that can be played later on in windows.

*What is a numerical algorithm?

To develop a numerical simulation, we need to go through the following a steps:

a) Define the problem and find appriate equation to describe it (e.g. wave propagation in
a string — wave equation in 1D
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b) Use a numerical scheme to obtain an algorithm, appropriate discretization of the
equation to be used with a computer (in this Project #2 we will use the FDTD numerical
scheme)

c¢) Implement the algorithm into a code using a computer language (for example we will
use Fortran in this project)

d) Debug and plot results

e) Testing and validation against theoretical results, experimental values, or results from
other establish numerical methods

v is the wave speed)

*What is a gaussian wave packet? Examples of gaussian of different variances (widths)
are shown below with the Matlab code.

et vt %Gaussian distribution

1 —— clear all

aisk 1 close all

R mézaén: . vaéamgégm W0 B0 80 100 for 1=1:4

= e var=10"(5-1);%1000;%variance

05} ALQ/\LA; 1 sigma=sqgrt(var) ;%standard deviation

Mo w0 Emo am om0 am 4 eo0 mo iom xbar=0 ;%%mean

L L B x=-1000:1000;

05} AJL 1 x=1/(sqrt(2*pi)*sigma)*exp(-(x-
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o meSenncl 7 Fx=Fx/max(fx) ;

0} 1 figure(l), subplot(4,1,i),plot(x,fx),

fon o0 w0 am =0 0 am a0 A0 em iom title(strcat("mean=",num2str(xbar), ";
variance=" ,num2str(var)))
end
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FDTD Method and the 1D Maxwell Equation:
Finite difference is an approximation to derivatives using Taylor’s expansion of different orders. The

Maxwell equations (governing behavior of electric and magnetic fields) can be written in differential form:

VxH=J+

This is a set of 6 equations since there are 3 components to each vector


http://www.ece.northwestern.edu/ecefaculty/taflove/Paper2.pdf
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o is the electrical conductivity
In 1D: suppose we work in X; variations in y and z are zero
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Using Taylor’s expansion up to second order, derivatives can be approximated using finite differences: we
need to discretize space and time derivatives.
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n is the time index; i is the space index; ot is the time increment; & is the space increment.

Next step is to apply this numerical scheme (FDTD) to write the algorithm for the wave equation and
proceed to its implementation using Fortran



