Unkonventionelle Supraleitung WS 05/06
Losungen zur Serie 3

3.1 The density operator is

Let us consider Hinr.
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where [ = U/V. We define by, ; and 6b, s as
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where we have assumed dby, 1, s are small, and have neglected the quadratic term of them in

Eq. (15) (the mean-field approximation).



Now, we are interested in a spatially-uniform spin polarization here, and then we assume
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Hence, the total Hamiltonian H; is
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This means that the original spin-degenerate band &, is split into two ones, ék,T and ék .- As

a result,
(niy) = f(&ey) (28)
= f(&+IN, —upH), (29)
and
(niy) = f&k) (30)
= f(& + IN; + ppH). (31)

Here, f(¢) is the Fermi distribution function.

Next, the magnetization M and the total number of the electrons N are given as
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Substituting these Ny and N| into Eq. (25),
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and therefore, for sufficiently small H,
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where df (§)/d¢ = Bf'(€), at sufficiently low temperatures —f/(§) ~ §(§)/3, and we have
assumed that the derivative of the density of states at the Fermi level D’(0) is small such
that D(0) > |D’(0)IN/2|. Hence,
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where FEj is the H-independent contribution to F,
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Now, let us calculate the magnetization M.
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3.2 The = component of the spin density operator is
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Here, we assume that the electrons are distributed uniformly in the system with the volume
V such that
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Considering H. éB) as a perturbation term, and we calculate the energies g;w of the single
particle states up to the 2nd order correction by the perturbation theory of the quantum
mechanics. Here, the unperturbed Hamiltonian Hj is perturbed by HéB), resulting in H:
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The magnetization M is
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At low temperatures,

where O(k) is the step function:
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