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1.1 Average lattice occupations (the “�’s”, also called
“correlations”)

Task: Following the same procedure outlined in the introduction to this tutorial,
calculate the �’s for each of the three remaining structures in Fig. 3. The c(2 ◊ 2)
structure for which we calculated the �’s together (during in the introductory remarks)
is shown in Fig. 2. The �’s we computed as a class are shown in the figure as the
third row in a “� matrix”. Fill out the rest of the matrix. �0 is always 1. The other
three columns will be for the on-site cluster, the pair cluster, and the triplet cluster,
respectively.

After you have filled out the matrix, double check your results with the answer
shown in the Appendix

1.2 Finding the e�ective interactions (the “J ’s”)
Conceptually, finding the J ’s in Eq. 5 is a simple linear algebra problem. For each
configuration ‡ we have an equation with a unique value of E, unique values for the
�’s, and unknown coe�cients J . This system of linear equations form a simple matrix
inversion problem. Given the energies for the four structures in the example, and
having computed the � matrix, we can find the J ’s by inversion:
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Task: Using the E’s given above for each structure, invert the � matrix that you
found and use it to find the J ’s. You could invert the matrix by hand (but who
would?!) or you can use a ready-made tool. For example, scroll down on the following
page until you see Try it in the ’inverse calculator’ and use the built-in tool
there.
http://www.euclideanspace.com/maths/algebra/matrix/functions/inverse/
fourD/index.htm

1.3 Predictions and refining the fit
Task: Now that you have a set of J ’s, you can use them to predict the energy of a
structure that wasn’t used in the input set. Calculate the �’s (for the same clusters
as before) for the structure shown in Fig. 4. Use your �-vector for this structure with
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