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Inverse opal photonic crystal

http://ab-initio.mit.edu/book



photon density of states for voids in an fcc lattice
http://www.public.iastate.edu/~cmpexp/groups/PBG/pres_mit_short/sld002.htm

Photon density of states

Diffraction causes gaps in the density of modes for k vectors near the 
planes in reciprocal space where diffraction occurs.



http://www.physicscentral.com/explore/pictures/algae.cfm



Inverse diamond

Solved by a student with the plane wave method



Spheres on any 3-D Bravais lattice
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Plane wave method
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collect like terms:



Plane wave method
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Central equations:

Choose a k value inside the 1st Brillouin zone. The coefficient Ak is coupled 
by the central equations to coefficients Ak outside the 1st Brillouin zone. 
Write these coupled equations in matrix form. 

       
       
       

 

1 2 3 4

1 1 2 3

2 1 1 2

3

2 2 2 22 2
2 0 2 1 2 3 2 4

2 2 2 22 2
1 1 0 1 2 1 3

2 2 2 22 2
2 1 0 1 2

2

1 3 1

2

G G G G

G G G G

G G G G

G

k G b k G G b k b k G G b k G G b

k G b k G b k b k G G b k G G b

k G b k G b k b k G b k G b

k G G b k G









 



       

      

    

   

   

   

   



         

        

      

        
       

2

1

1

2 1 1

2

4 3 2 1

2 2 22 2
2 1 0 1

2 2 2 22 2
2 4 2 3 2 1 2 0

0

2

k G

k G

k

k G

G G G
k G

G G G G

A

A

A
A

G b k b k G b k G b
A

k G G b k G G b k b k G G b k G b











 


   

 
 

  
  
  
     
       
   

         

  

   

   

         

There is a matrix like this for every k value in the 1st Brillouin zone. 



2-D array of air holes

Solved by a student with the plane wave method



Inverse diamond

Solved by a student with the plane wave method



Empty lattice approximation
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Empty lattice approximation
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Plane wave method



Empty lattice approximation



http://ab-initio.mit.edu/book/



Empty lattice approximation

http://ab-initio.mit.edu/book/

0



fcc

http://ab-initio.mit.edu/book/



diamond

http://ab-initio.mit.edu/book/



Woodpile photonic crystal

http://ab-initio.mit.edu/book



Yablonovite

http://ab-initio.mit.edu/book/



http://lampx.tugraz.at/~hadley/ss1/emfield/photonic_crystals/photonic_table.html



Student projects
Use the plane wave method to calculate the dispersion relation 

for light in a 1-D layered material (or a 2-D or 3-D material)

Help complete the table of the empty lattice approximation 

Adapt the program that solves the in 1-D Schroedinger equation 
to the wave equation



Institute of Solid State Physics
Technische Universität Graz

Lattice vibrations / Phonons

Phonons are quantum particles of sound

The simplest model for lattice vibrations is atoms 
connected by linear springs

There is a shortest wavelength/maximum frequency 

Find the normal mode solutions

Quantize the normal modes

Find the phonon density of states

Calculate the thermodynamic properties



http://lampx.tugraz.at/~hadley/ss1/phonons/phonon_script.php



Vibrations of a mass on a spring
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Coupled masses

Newton's law
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assume harmonic solutions

Find the eigenvectors of this matrix
The masses oscillate with the same frequency but different phases
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Linear Chain
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Eigen vectors of the translation operator
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Linear Chain
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