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Born-Oppenheimer Approximation 
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the wave function ̞ , in general,is a function of all electronic and 
nuclear coordinates and of the time t. That is, 

where the ri are the electronic coordinates and the Rl are the 
nuclear coordinates. The Hamiltonian Hc of the crystal is 

m is the electronic mass, Ml is the mass of the nucleus located at 
Rl, Zl is the atomic number of the nucleus at Rl, and e has the 
magnitude of the electronic charge. 



Here, TE be the kinetic energy of the electrons, TN be the kinetic 
energy of the nuclei, and U be the total Coulomb energy of 
interaction of the nuclei and the electrons. 

By simplification, we can also write

= H 0+ TN ,

Nuclei have large masses and hence in general they have small kinetic 
energies. Thus in the above expression, it makes some sense to regard 
TN as a perturbation on H0. Under the adiabatic approximation, the 
total wave function n̞(ri, Rl) can be written as a product of the 
electronic wave function n˒(ri) (with the nuclei fixed) times the nuclear 
wave function X(Rl) (with the electrons in some fixed state). In this 
approximation the electrons provide a potential energy for the motion 
of the nuclei while the moving nuclei continuously deform the wave 
function of the electrons.
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Crystal Dynamics

ÅAtomic motionsare governedby the forcesexertedon atomswhen

they aredisplacedfrom their equilibriumpositions.

ÅAt any finite temperature, the lattice structure is not static and there 

will be thermal vibrations. 

ÅThese lattice vibrations can be described in terms of normal modes 

describing the collective vibration of atoms. The quanta of these 

normal modes are called phonons. 

ÅTocalculatethe forcesit isnecessaryto determinethe wavefunctions

and energiesof the electronswithin the crystal. Fortunatelymany

important propertiesof the atomicmotionscanbe deducedwithout

doingthesecalculations.

ÅThe phonons mainly contribute both to the specific heat and the 

thermal conduction of the crystal, and they are also important 

because of their interaction with other energy excitations, causing 

electrical resistivity and thermal expansion. 



When a wave propagates along one of symmetric directions in cubic 
crystals, entire planes of atoms move in phase with displacements u either 
parallel or perpendicular to the direction of the wavevector. We can 
simplify the problem to one dimension. For each wavevector there are 
three modes as solutions for u, one of longitudinal polarization and two of 
transverse polarization. 

LongitudinalPlaneWaves TransversePlaneWaves

Three Modesof PlaneWaves
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The equation of motion of an 
atom in plane s is

Assume the solution contains 

time dependent term e-ƛ˖ǘ, 
then

LongitudinalPlaneWaves
For brevity we consider only nearest-neighbor interactions, with p =± 1. 

where M is the mass of an atom. 

planes displacedplanes in equilibrium

Á

,    u << a



We then have

or

is a difference equation and has traveling wave

solution of the form:

where a is the spacing between planes and K is the wavevector and a ᷆  K.  


