
EOSC 450 HW#2 part 1.  Due in class 10/12

One of the best ways to learn about, as well as understand, what Fourier transforms are
(in one, two or three dimensions) and what they do to a given function (such as one of
your data sets, which can be viewed as f(t) vs. t, say) is to plot them along with the
function you are transforming.  This is what we will do on Wednesday after the break.  I
would like all of us to be on the same page during the discussion.  So, here is a short
assignment designed t help you become familiar with digital Fourier transforms in
particular.

1) Write a short MATLAB program to generate a sine or cosine function using 2048
points.  Generate exactly 16, or 32 cycles of the function. Plot the results and add
labels.

2) Take the Fourier transform of the function that you made in problem 1 (use the fft
functions in MATLAB). Use fftshift to shift the zero frequency to the center of
the spectrum. Generate wavenumbers for the horizontal axis. Take the inverse
FFT (ifft in MATLAB).  Do you get what you started with? (don't forget to undo
the fftshift). Why might it be important to shift the FFT so that 0 is in the middle
of the spectrum?  Now, repeat what you have done by adding an additional
periodic or polynomial function to your original function.

3) Below is a script that is designed to help you become familiar with 2D FFTs.  I
realize that 2D Fourier transforms are likely new to all of you.  At the end of the
day, they are not too different to 1D transforms. The program is currently set up
to generate a 2D mesh, plot a (radial cosine) function on the mesh, take the FFT
and output the results.  For starters, type in the script and run it.  For the
commands that you do not understand, go to the command line and type ‘help’
<command name>.  Try running the function using alternately the shiftfft(fft())
command and the fft() command.  What is the difference? What is going on (you
might have to look at your notes from time series analysis or take advantage of
Google or a textbook that discusses digital FFTs such as Bracewell).  After you
become comfortable with this program try adding to the original function:

a. An exponential of your own design
b. Some other periodic or polynomial function.

Discuss the plots for each.   Bring them to class.



%  setup the mesh
%
clear
clf
colormap('gray')
nx=300;
x=-nx/2:nx/2-1;
ny=400;
y=-ny/2:ny/2-1;
[X,Y]=meshgrid(x,y);
%
%  set the horizontal wavenumber
%
kc=20/nx;
%
%  a sine function of x
%
f=sin(4*pi*X*kc);
%
%  add a diagonal cosine function
%
f=f+cos(2*pi*(X+Y)*kc);
%
%  add a radial cosine function
%
R2=X.*X+Y.*Y;
R=sqrt(R2);
f=f+5*cos(pi*R*kc);

%  image the function
%
figure(1)
colormap('gray')
imagesc(f)
colorbar
%
%  take the 2-D fft of the function
%
figure(2)
colormap('gray')
cf=fftshift(fft2(f));
%cf=(fft2(f));
imagesc(-abs(cf));
%grid
colorbar


