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1. Matrix Inversion Least-Squares Fitting

If we expand Eq. 12 in Section 3.2, each term in the resulting expression will include
one known factor and one unknown factor. Known variables include αa, αb, and θPM;
unknown variables include AS, Aa, Ab, CS, Cy, CPD, and the sine and cosine of δa − εz and
δb + εz. On the other side of the expression, Sz is our measured Faraday rotation signal. We
can recast the expanded expression as a matrix equation, Sz = M.b, where M is a matrix
containing all of the known functions, and b is a matrix containing the unknowns. We can
solve this expression for b through matrix-inversion b = (Mt M)−1MtSz.

Given that there are ten fit parameters, we can measure multiple points before taking
a least-squares fit [1] to improve the goodness of fit. Through matrix inversion, we can
solve for our unknowns at a series of discrete points and, then, make a least-squares fit
to minimize the root mean square difference between the data and our fitting function.
We chose to measure 50 points before performing our least-squares fit. The full matrix
expression is then given in Eq. 1, where Θ = sign(cos(θPM)), and subscripts 1, 2, ...50
represent points taken at different times.
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