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Summary: small vibrations 
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•  Molecules	  
•  Eigenvalues	  of	  the	  Hessian	  matrix:	  vibra<onal	  frequencies	  
•  Eigenvectors	  of	  the	  Hessian	  matrix:	  normal	  modes	  
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•  Crystals	  
•  Eigenvalues	  of	  the	  Dynamical	  matrix:	  vibra<onal	  frequencies	  
•  Eigenvectors	  of	  the	  Dynamical	  matrix:	  normal	  modes	  
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Molecular dynamics 
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Example of phonon calculation 
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Equa<on	  of	  mo<on:	  
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Dispersion relationship in 1D chain 
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Atoms can now vibrate in three dimensions 
Each branch (acoustic and optical) transform into 3 branches 

From Rob Phillips: “Crystals, defects and microstructures” 

Crystals in 3D 
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Normal modes and optical properties 
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A	  vibra<ng	  electric	  dipole	  can	  emit	  and	  absorb	  electromagne<c	  
radia<on	  at	  their	  corresponding	  frequencies	  

Dipole	  moment	  for	  each	  normal	  mode	  
(charge	  vector)	  –	  From	  DFT	  

Real	  part	  of	  dielectric	  constant:	  
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Imaginary	  part	  of	  dielectric	  constant:	  
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Week 3 summary 
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Follow the dynamics (motion) of all the atoms in your material 

Numerically solve classical equations of motion (Newton’s): 
Approximation 

Forces on atoms come from the interaction with other atoms: 
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Total potential energy 
•  Eigenvalue in the time-independent Schrodinger Eq. 
•  An empirical potential energy function 
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