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DFT total energy



Evaluating Hψ



It’s really kinetic + (SCF) potential

)(
2
1ˆ 2 rVH +∇−=

∫ ′=′⎥⎦
⎤

⎢⎣
⎡ ∇−−=′∇− GGGrGiiGrdrGG ,

222

2
1)exp(

2
1)exp(

2
1 δ

( ) exp( ) ( ) exp( ) ( )G V r G dr iGr V r iG r V G G′ ′ ′= − = −∫

Total energy (non-SCF, sort of)
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Dynamical evolution of c’s

We need the “force”
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Skiing down a valley
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“Damped” 
dynamics 

skiing



SD or CG 
skiing

Hellmann-Feynman theorem
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Born-Oppenheimer Molecular Dynamics
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Lots of Skiing if Atoms Move



Lots of Skiing if Atoms Move

The extended CP Lagrangian



Equations of motion

Equations of motion (II)



Constant(s) of motion
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Kolmogorov-Arnold-Moser 
invariant tori



Born-Oppenheimer vs Car-Parrinello



HF vs CP forces
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Full class (videos, etc..)

Atomistic Modeling of Materials

http://ocw.mit.edu/OcwWeb/Materials-Science-and-
Engineering/3-320Spring-2005/CourseHome/index.htm
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