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Load the MATLAB file project data.mat. This file has three variables— (i) nu which the fre-
quency in Hz, (ii) signal, which is the measured power in Watts at each frequency, and (iii)
signal plus noise which is the signal with white Gaussian noise (zero mean and σ = 0.05) added
to it. We will use nu as the idependent varible, and sigma plus noise as the measured data.
Figure 1 shows a plot of the signal with and without noise added to it.
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Figure 1: Plot of recorded data to which we will fit a model. Solid line shows the true signal, and
the points show the measured values

We will fit a model to this data of the form
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where x is the independent variable (nu), y is the dependent variable (signal), and n is the additive
white Gaussian noise. Here A, x0, and α are parameters to be estimated.

Question 1

How does the model behave for x << x0 and for x >> x0. Plot the model function on a logarithmic
axes. From this Figure, what can you say about the probable values of the parameters?

Question 2

Write down the Maximum Likelihood Estimator (MLE) for the three parameters. Numerically
evaluate the MLE estimate for the parameters using Newton’s method. Plot the residuals of fit
and its histogram. Interpret your results.

Question 3

Repeat Question 2 for different realizations of noise (σ = 0.05, µ = 0) in a Monte-Carlo simulation.
Use the estimates from the Monte-Carlo simulations to compute the probability density functions
for the parameters. Find the mean and variance of these distributions.

Question 4

Compute the likelihood function L(A, x0, α) on a three dimensional grid of values for A, x0, and
α. The likelihood function is a probability density function, and hence must integrate to unity.
Marginalize this function along each of the three axes to compute the marginalized probability
densities— (p(A, x0), p(A,α), and p(x0, α)). Plot these three functions as images, and overlay
contours of 1σ, 2σ, and 3σ uncertainities on them. Interpret your plots.

You must email your project reports as a single pdf file to harish@astro.rug.nl. Your reports
must contain enough information for the reader to understand and reproduce your results. It need
not contain all intermediate steps in your derivations. Your reports will be graded based on your
implementation and interpretation of results, and clarity of information in your text and figures.
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