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Fourier Series/ Gibbs Phenomenon
My name is Kerenne Paul and I am freshman mathematics major. My first semester in Csums was a first on so

many levels and in so many different ways. Being a freshman, I had and still have a lot of catching up to do in order
to keep up with my projects. That includes learning how to use the matlab software, [which means writing a simple
code and running it, familiarize myself with the different icons etc.], learning how to write in Latex form and a whole
series of other research that were related to my very first project as a Csums student. I have not quite mastered the
necessary skills that will enable me to be a fully active student, however he petty mistakes that I have made throughout
my learning and research process are some of the factors that are getting me to that place.

1 Problem Formulation
My first project was to learn about the Fourier series and the Gibbs Phenomenon. I was assigned a paper that described
in details what the fourier series were and the how the Gibbs phenomenon came about and a process to solve them.
After reading the paper, I still was not able to fully grasp the concept of the Gibbs phenomenon. After a talk from
professor Gottlieb, I had more of an idea what was causing the Gibbs phenomenon and why it was relevant. The
history of the Gibbs phenomenon traces back to the 18th century when Euler found out that any linear function can be
written as an infinite summation of waves.

Basically, virtually every signal, no matter how complicated can be expressed as a sum of waves. In other words,
everything was made up of waves. This meant that everything we perceive [see, hear] is made up of waves.
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If you add more terms to this, as in a lot of terms, like 1000 or 2000 , this will start to take the shape of a straight line.
A Fourier series by definition is an expansion of a periodic function f(x) in terms of an infinite sum of sines and

cosines. They are extremely useful as a way to break up an arbitrary periodic function into a set of simple terms
that can be plugged in, solved individually, and then recombined to obtain the solution to the original problem or
an approximation to it to whatever accuracy is desired or practical. Theyre also used in the analysis of signals in
electronics. It uses a global method, meaning that the function gets its information from the whole domain not just
one point, implying that the sum of an infinite number of waves gives the right function. Some basic characteristics
of the fourier series include that it assumes that the function is periodic when it isnt and also that it makes normal
continuous functions appear discontinuous. Fourier series also uses a global method, which means that instead of
getting its information from one specific area, it gets it from the entire domain. The Fourier series are a set of infinite
trigonometric series.
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When you graph this function, as it takes on more and more terms, the combined signal becomes to look like a
square wave function. A square wave function is a periodic waveform consisting of instantaneous transitions between
two levels. This is what a square wave function looks like:

When approaching this project, there are many other basic information [tools] that I needed to learn in order to
understand it and put it in application. That includes writing a simple code, using matlab, latex and doing research
about unfamiliar math symbols.

Heres a simple code I have written while using matlab:

close all; clear all;clc;
np = 50; %number of points
nc = 5; %number of coefficients
x = linspace(0,2*pi,np);
f = @(x) 0.5*(pi-x);
fx=f(x);
plot(x,fx)

It took me awhile to come up with the code, finding that I did not know how to use the matlab program before I
started CSUMS. However, it eventually paved the way for me to formulate more complicated codes that came in handy
when working on my project [fourier series, gibbs phenomenon]. My next step in studying the gibbs phenomenon was
to realize a code that could model the behavior of the graph as I add more and more terms to the series and the Gibbs
phenomenon occurs. It took me a more work to come up with this code because it was more complicated. Heres a
code that I have written to model the fourier representation of the function that I stated earlier.

Matlab Code
J= 500 %number of points
x= linspace(0, 2*pi, J);
f= sign(x); %returns array same size as x
kp=0.*x; %multiplies everything by x starting with 0

2



t= 150
for k=1:2:t
kp=kp+(1/2)*sin(k*x)/k;
end
plot( x, kp)

This is what happens as the codes varies:

This is what the graph looks like with one coefficient.

With 3 coefficients.

Now this is what it looks like when 9 coefficients are added together, as you can see, the oscillations started to
forms when 3 coefficients were added but but 9, you start seeing more and more oscillations. This doesnt go away as I
add more terms to the graph. When a multiple number of coefficients have been added together, the coefficient starts
sliding closer to the discontinuity and that is what creates the Gibbs phenomenon.
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What it looks like with 17 terms

With 65 terms.

149 terms

What it looks like with 350 terms. [oscillation slides closer to discontinuity]
The Gibbs phenomenon is characterized by a large jump near the discontinuity that gets closer but not smaller and

a slow convergence away from discontinuity. This wouldnt matter because with that alone, you have a good enough
approximation of the point, however, in practical terms, you can never use an infinite number of terms; seeing that
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the gibbs phenomenon occurs in practical matters such as sonography. There had to be a way to resolve the Gibbs
phenomenon. In order to do that, we need to pay close attention to the errors. A study conducted by David Gottlieb and
Chi-Wang Shu in the early 90s showed that although the Gibbs phenomenon messes up an image, it still holds within
it high resolution information. They showed how to take out this solution by post-processing it. By post-processing
it, you get a better solution that gives you a more accurate approximation of the exact solution. We call that the
Gegenbauer post-processing. This is where I am in my project and I am still trying to figure out how the Gegenbauer
post-processing works in order to get better results.
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