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PHY 604: Computational Methods in Physics and Astrophysics II
Homework #4
Due: 2017-10-17

Programs can be written in any language, and should be accompanied by a short description of how to
compile and run them (you can put this in a README.md or the comments at the head of the source code).

Code should be submitted using git via github in the repo that was created from github classroom link.

Any analytic solutions can be handed in during class on the due date.

Please include any plots as PNG or PDF in your git repo. If you use matlab or mathematica, please
include all output from your program as well.

1. Convolutions. A convolution is defined as:

( f ? g)(t) ≡
∫ ∞

−∞
f (τ)g(t− τ)dτ (1)

It is easy to compute this with FFTs, via the convolution theorem,

F{ f ? g} = F{ f } F{g} (2)

That is the Fourier transform of the convolution of f and g is simply the product of the individual
transforms of f and g. This allows us to compute the convolution via multiplication in Fourier space
and then take the inverse transform, F−1{}, to recover the convolution in real space:

f ? g = F−1{F{ f } F{g}} (3)

The file signal.txt in your git repo contains data of a function polluted with noise. We want to
remove the noise to recover the original function. The three columns in the file are: x, f (orig)(x), and
f (noisy)(x).

Consider the following kernels:

• tophat:

qth(x) =

{
1/L if x < L
0 if x ≥ L

(4)

• Gaussian:
qgauss(x) =

1
σ
√

2π
e−

1
2 (x/σ)2

(5)

For each of these kernels, do the following:

(a) Make the kernel periodic on the domain defined by the x in the signal.txt file. You can do
this simply by left-right flipping the definitions above and applying them at the far end of the
domain.

(b) Normalize your kernel function by ensuring that it sums to 1 on the domain.

(c) Plot the noisy function, f (noisy)(x), and the kernel together.

(d) Take the FFT of the f (noisy)(x) and the FFT of the kernel and plot them.
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(e) Compute the convolution of f (noisy)(x) and q(x) in Fourier space and transform back to real
space, and plot the de-noised function together with the original signal from the signal.txt
(i.e., f (orig)(x)).

(f) Experiment with the tunable parameters in the kernels (L or σ) to see how clean you can get
the noisy data and comment on what you see.

This process is used a lot in image processing both to remove noise and to compensate for the
behavior of cameras to sharpen images.
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