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10. Übungsblatt zur Statistiche Physik I
The Landau theory of phase transitions

Abgabe: Mittwoch, 15th July, bis 16:00 Uhr, Raum E-W 705

Exercise 28 (5 points): Landau theory

The Landau theory of second-order phase transitions posits a Gibbs free energy close to the phase
transition of the form

G(P, T, η) = G0(P, T ) + a(T − Tc)η
2 + Bη4 − ηhV,

where G0 is the value of the disordered phase, η is the order parameter, h is an external field and
a(P ) > 0 and B(P ) > 0 are (pressure-dependent) coefficients.

• Consider first the case with no external field, h = 0, and find the equilibrium values of the order
parameter above and below the critical temperature. Explain how this models a second-order
phase transition and calculate the critical exponent β.

• Calculate the susceptibility

χ = lim
h→0
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in both phases and calculate the critical exponents γ and γ′.

Exercise 29 (5 points): Ginzburg-Landau theory

For an inhomogeneous system near the critical point, the Gibb’s free energy can be expanded for long
wavelengths as

G =

∫

d3
r
{

a(T − Tc)η
2(r) + Bη4(r) + D|∇η(r)|2 − V h(r)η(r)

}

.

• Show that, in the harmonic approximation (equivalent to setting B → 0), the susceptibility to
perturbations with wavevector k is given by

χk =
V

2 {a(T − Tc) + D|k|2}
; T > Tc,

and thus the size of the fluctuations in the order parameter is

〈|δηk|
2〉 =

Tc

2 {a(T − Tc) + D|k|2}
; T > Tc. (1)

[Hint: Use equipartition or the fluctuation-dissipation theorem].

• Show that, in general, the real-space correlation function g(r) = 〈δη(0)δη(r)〉 is given by the
Fourier transform

g(r) =
∑

k

〈|δηk|
2〉eik·r.

• Calculate g(r) for the specific fluctuations of Eq. (1). Perform the integration in the complex
plane.

Bitte Rückseite beachten!−→
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