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First order transitions
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There 1s a jump in the order parameter at the phase transition.



First order transitions
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First order transitions

f=f+a,(T-T,)m*+1pm* +Iym®+--. <0 »>0

Ccll—fzzao(T ~T,)m+24m’ +2ym’> =0
m

One solution for m = 0.

a,(T-T,)+pm’>+ym* =0
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There will be a minimum at finite m as m 00
long as m? is real
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Jump In the order parameter
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First order transitions, entropy, c,
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First order transitions, susceptibility
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At the minima BzzaO(T—TC)m+2,b’m3+27/m5
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Landau theory of a first order phase transition

The free energy for a first order transition in Landau theory 1z,
f(T) = fo (T) + g (T— T,:)ﬂ?-z + %_.-‘3???-4 + % ~m 8 apg >0, S<0, v=0.

Here f,(T) describes the temperatire dependence of the high temperature phase near the phase transition.
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Quasiparticles

Excitations from equilibrium

phonons
plasmons
magnons
polaritons
(electrons)
Landau's theory of a Fermi liquid

polarons
excitons
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Normal Modes and Phonons

At finite temperatures. the atoms in a crystal vibrate. In the simulation below, the atoms move randomly around their equilibrium positions.

T=30K |- + |



Longitudinal plasma waves
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There 1s no magnetic component of the wave.

Plasma waves can be quantized like any other wave
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Transverse optical plasma waves

The dispersion relation for light
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Raman Spectroscopy

Inelastic light scattering w=w1tQ

k=k'+tK+G

0K
Stokes \ /iﬂmkcs

Phonons, magnons, plasmons, polaritons, ...
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Raman Spectroscopy

oy
= + 2= X cos(Qt
X = Xo X (Qt)

P= goxﬁ cos(wt) + ¢, 2—;{ X cos(Qt)E cos(wt)

There are components of the polarization that oscillate at w t Q.
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