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Exercise 10.1 Polarization of a neutral Fermi liquid

We introduce the notation o = 1, ¢! = 0%, o
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The energy functional is then given by
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In the last line we used the fact that tr[o’c?] = 2.

For an electric field along the z direction the (bare) quasiparticle (QP) energy ma-
trices have the form
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Thus, together with (3) the polarization in the z-direction is obtained as
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We now consider the situation where the QP energies and the distribution of the
quasiparticles are changed in linear response by the application of the electrical field.
Thus, the bare QP energy changes according to

5= E3+ ey (6)
where é% = e%ao is the bare quasiparticle energy in the absence of the electric field
and B
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The components of the dressed QP energy are different from the bare values due to
the QP interaction and will change according to
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We can relate the change in the distribution function to the change in the QP
energies in linear response

The solution of the coupled Egs. (8,9) can be found by using the ansatz
§¢; = adey; (10)
where «a contains all the contributions from the QP interaction. Because
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it is clear that only the ¢ = 1,2 components will not vanish. Expanding the interac-
tion parameters in terms of spherical harmonics [see Eq. (?77)] as well as using the

relations
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it is straightforeward to show that
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where N(ep) = % is the density of states at the Fermi energy. Therefore,
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d) Using the expression (5) we find for the polarization
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Here we have used % = ;% where N is the total number of particles. Consequently,

the susceptibility is given by
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The response is dielectric.



