Determining the mass of Saturn:
This project will test your knowledge of MatLAB, data analysis, and statistics.  You are given a dataset consisting of the relative projected distances of Saturn’s moons Tethys, Rhea, Titan and Iapetus on several  dates in Jan 2006.  Figure 1 shows how the data were acquired.
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	Fig. 1a: Actual image of Saturn and its moons on Jan 10 at 6h 22m UT, from which the measurements for Jan 10 were made.  The image size is 385” x 315”, and the distance to Saturn from Earth was 8.175 AU.
	Fig. 1b: Geometry of Saturn and its moons on Jan 10 at 6h 22m UT, with the moons labeled.  Only the four moons Tethys, Rhea, Titan and Iapetus are in the table. The lines show the ring plane, and how Titan’s position was projected onto it.  The projected distance is shown by the arrows.


On different dates, the moons as they orbit appear at different distances from Saturn, as shown in the Figure.  Their projected distance will execute simple harmonic motion along the line of Saturn’s ring plane, so you will fit a sin function of the form x = a sin(b*t + c), where t is the time in days from the file, a, b and c are the fit parameters to be determined, and x is the projected distance for a particular moon as given in the file.  

From the fit parameters, you will calculate the values, 1-sigma error in values, and relative errors of the parameters a and b.  You will identify what, physically, the parameters a and b represent, and you will then use them to calculate the mass of Saturn using Kepler’s 2nd law (law of periods).

Give the mass of Saturn, its 1-sigma error, and its relative error.  I strongly suggest that you develop the entire technique using the moon Iapetus, and then try the same approach for the other moons in the order Titan, then Rhea, then Tethys (I was not able to get a fit for Tethys).

Write up your entire procedure in a Word file, including MatLAB commands used, and make a table of parameters, errors in parameters, mass of Saturn, and error in mass, and compare them with corresponding values looked up on the web.

