
Coulomb gas for Wishart. The Wishart ensemble of random matrices is the set of matrices 𝑊 constructed by
taking 𝑋 ∈ R𝑁×𝑀 with 𝑋𝑖𝛼 ∼ N(0, 𝑁−1) independently distributed and writing 𝑊 = 𝑋𝑋𝑇 . Since the 𝑋 are 𝑁 × 𝑀

rectangular matrices, the 𝑊 are 𝑁 × 𝑁 square. Because of the way they are constructed, the entries of 𝑊 are not
independent, but the ensemble of 𝑊 is an invariant ensemble because it can be written
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See Chapter 13 of the Livan text for details about why this is the distribution of 𝑊 . In any case, this means that the
joint distribution of eigenvalues has the form
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for 𝑉 (𝑥) = 1
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2𝛼 log 𝑥 with 𝛼 = 𝑀/𝑁 − 1. Following chapter 5 of the Livan text, derive the spectral density of this

ensemble.
Hint: Make extensive use of computer algebra, and remember to feed Mathematica plenty of assumptions about

the positivity or reality of positive and real variables!
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