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Theoretical part:

1. Finding the best fit parameter analytically: Assume a theoretical model given by yth = axH . Here the
model free parameters are {Θ} : {a,H}. Considering the satisfaction of central limit theorem and the
({D} = {(xi, yi)}, i = 1, .., N). The covariance matrix also reads as Cy ≡ 〈δy

⊗
δy〉.

(a) Now suppose that we have a map as y → z = ln(y). Given the general form for covariance matrix as
Cz ≡ 〈δz

⊗
δz〉, determine the {abest, Hbest}. (5 points)

(b) Find the relation between Cz ≡ 〈δz
⊗
δz〉 and Cy ≡ 〈δy

⊗
δy〉.(5 points)

(c) Show that if we have diagonal covariance matrix for data, the Fisher information matrices of yth and
zth = ln(yth) are similar. (5 points)

2. Fisher information matrix: for a quantum paramagnetic system in an external constant magnetic field
( ~Bext = Bextk̂), we have the average of magnetization as: (15 points)
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here x ≡ βgµbJBext, {Θ} : {g, J}, {D} : {(Bext,Mz)i}, i = 1, ..., N .

Computational part:

3. Using file which is called “sin.txt” and consider yth = a sin(ωt+ φ). The first column of the “sin.txt” is “t”,
the second column is “y” and the last column is σy.

(a) Compute {Θ} : {a, ω, φ}. Using MCMC method compute a, ω and φ. (15 points)

(b) According to the Fisher information matrix and taking into account the “Cov11.txt” data, determine
the contours for 1σ, 2σ, 3σ for each pairs of parameter. (15 points)

Good luck, Movahed


