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Asymmetric unit



Materials ProjectInorganic Crystal Structure Database





atomic packing density

fcc, hcp = 0.74 
random close pack = 0.64
simple cubic = 0.52
diamond = 0.34
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Coordination number

Number of nearest neighbors an atom has in a crystal

sc 6

bcc 8 fcc 12

Graphene 3 diamond 4

hcp 12
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Crystal physics explains what effects the symmetries of the crystal 
have on observable quantities. 

An Introduction to Crystal Physics Ervin Hartmann
http://ww1.iucr.org/comm/cteach/pamphlets/18/index.html

International Tables for Crystallography
http://it.iucr.org/

Kittel chapter 3: elastic strain



Everything moves like 
a wave but exchanges 
energy and momentum 
like a particle.

Quantum Mechanics
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Everything moves like a wave but exchanges 
energy and momentum like a particle.



Fluorescent lamp



Molecular energy levels



Statistical Physics

Internal energy: sum over occupied electron states. 

Independent variables are extrinsic quantities U(S, M, P, e, N).

Cannonical ensemble: At constant temperature, make a Legendre 
transformation to the Helmholtz free energy. 

F = U - TS

F(V, T, N, M, P, e)

Make a Legendre transformation to the Gibbs potential G(T, H, E, s)
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Internal energy in an electric field

In an electric field, if the dipole moment is changed, the change of the energy is,

U E P  
 

Using Einstein notation

This is part of the total derivative of U

ij ij k K l ldU TdS d E dP H dMs e   
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Gibbs free energy
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total derivative:




