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Phonon is quantized lattice vibration. The scattering of electrons 
around moving atoms’ potential is called electron-phonon interaction. 

Electron-phonon interaction will lead to effective interaction between 
electrons. Since the lattice distortion has longer characteristic time 
than fluctuations in electron gas, this produces correlation of the 
electron density waves as if there’s an attractive potential between 
electrons.

There will also be enhancement of effective mass around Fermi 
surface, since the electron-phonon coupling gives substantial 
renormalization of the energy spectrum near Fermi surface. 

Two electrons near Fermi surface might bind together to form a pair 
since they have effective attraction. The fermi sea give the possibility 
that the electron pairs persists even with arbitrary weak interaction.
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Though Bloch’s theorem applies to various kinds of excitations in 
solids, we will focus on that of electrons.

Without introducing the interaction of electrons and ions, we 
cannot get insight of Bloch wave function. The electron wave 
function with translation symmetry originates from the periodicity 
of lattice potential.

NFE Model: One significant result of periodic potential is energy 
gap at the boundaries of Brillouin zone. The dispersion relation of 
free electrons has parabolic form, while we apply perturbation 
method (small V(r) for NFE), and degenerate perturbation method 
at zone boundary, we get energy gap. The continuous E-k 
regions and discontinuity regions consists of the total band 
structure.
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The band structure could also be understood from a point of view of 
scattering of wave functions. The perturbed electron wave function 
has right and left propagating waves and they have strong scattering 
at BZ boundaries, which lead to gaps in energy bands.

Tight binding model: When V(r) is strong we apply tight binding 
model, which give us insight from energy levels of atoms to energy 
bands of solids.

Beyond these rough models, in real calculation we got more reliable 
methods. They will give fine adjustments of electron wave functions 
and lattice potential.

OPW and pseudo potential: Add a Bloch function to the plane wave 
solution. Atom wave function give suppression to lattice potential.

APW: Combine NFE and TBE.

1讜
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IXP-ID-fBnlfnP.pseudoptntial-Vslp-UIPtflE-EDGMHD.tn
waufunction pseudop.tntid



Above are all methods with single electron approximation. When taking 
into interaction of electrons, we get more improvements. The 
interaction of electrons could be simplified as single electron motion in 
an effective potential——Hartree approximation.

Take into consideration of antisymmetric condition——HF approximation.

DFT: Calculation of electronic structure based on electron density. 
Get the ground state energy by calculating the variational minimum 
of n(r).

Combine all the above together: ab initio method.

Accurate method? I think they are all approximation. Relative accurate.

E =
<到 1-
仕性〉 。

Minimumenergy



To get information about the physical properties of a given system, 
we could apply perturbation (fluctuation) to the equilibrium state 
and learn about its response, so that to gain some insight about 
the collective modes of excitations present in system from the 
(linear) response function.

The collective modes are waves propagating through the solid. 
Modes of oscillations in system is described by the pole structures 
of response function.

Principle of causality: The response functions must be casual or 
retarded, because it is impossible that we get response before the 
force is applied. This impose conditions on the response functions 
in Fourier space.

Stability: If there exists a curve w=w(q) where response function 
is divergent, this is a sign of instability. At the critical point there 
is a continuous phase transition.
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Correlation function: A classical correlation function for the density 
relates the density at one point in space and time to a nearby 
point. The generalized susceptibility could be identified with the 
correlation function of the observable O(t). The susceptibility is the 
retarded Green function of the observable.

Examples.
1. Dielectric function. Could be measured by conductive/capacitive 
spectroscopy.

2. Conductivity. Measured by applying electrical current and measure 
conductivity.
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