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Exercise 17 (7 points): Linearised hydrodynamic equations
Consider the hydrodynamic equations as derived in the lectures:
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o Setn=n+dn, T =T+ T and u = 0 + u, with equilibrium values 7 and T, and linearise the
hydrodynamic equations in terms of dn, 07 and w.

e For harmonic variations, ¢?*9=“%) the eigenmodes of the system are given by the solutions of
the matrix equation
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Find matrix the M(k). Note: there are three velocity components, u,, so M(k) is actually a
5 x 5 matrix. However, it can be specified with just three equations.

e In zeroth-order hydrodynamics, we set © = x = 0. In this case, find the five solutions of Eq. (1).
Give eigenfrequencies and eigenvectors and discuss the character of the solutions.

e With p and & finite (first-order hydrodynamics), find the eigenmode frequencies correct to second
order in the wavevector, k2. Discuss the results.

Exercise 18 (3 points): Energy fluctuations in the canonical ensemble
Show that In Z() can be thought of as a “generating function” for the cumulants of the internal
energy of the canonical ensemble, i.e.,
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In Z(5).

Use this expression to relate the second cumulant of the internal energy and the heat capacity at
constant volume.

Bitte Riickseite beachten!—
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