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Crystal Physics

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



Strain

A distortion of a material is described by the strain matrix
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ẑ

x̂

ŷ
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Stress

9 forces describe the stress

Xx, Xy, Xz, Yx, Yy, Yz, Zx, Zy, Zz

Xx is a force applied in the x-direction to the 
plane normal to x

Xy is a sheer force applied in the x-direction to 
the plane normal to y

yx z

x y z

yx z

x y z

yx z

x y z

XX X
A A A

YY Y
A A A

ZZ Z
A A A



 
 
 
 
 
 
 
 
 
 

stress tensor: 

Stress is force/m2

Xx Xy

Xz

x

y

z



Stress and Strain

The stress - strain relationship is described by a rank 4 
stiffness tensor. The inverse of the stiffness tensor is the 
compliance tensor.
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Einstein convention: sum over repeated indices.
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Statistical Physics

Microcannonical Ensemble: Internal energy is expressed in terms of extrinsic 
quantities U(S, M, P, , N, V).
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The normal modes must be solved for in the presence of electric and magnetic 
fields.



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
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Statistical Physics

Microcannonical Ensemble: Internal energy is expressed in terms of extrinsic 
quantities U(S, M, P, , N).

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

F = U - TS

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

Make a Legendre transformation to the Gibbs potential G(T, H, E, )
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Helmholtz free energy
Cannonical ensemble: At constant temperature, make a Legendre 
transformation to the Helmholtz free energy. 

F = U - TS

F(T, N, M, P, )

dF = dU - TdS - SdT
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Gibbs free energy
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http://www.iucr.org/education/pamphlets/18



Direct and reciprocal effects (Maxwell relations)

Useful to check for errors in experiments or calculations



Maxwell relations

Useful to check for errors in experiments or calculations
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http://it.iucr.org

2006 edition available through
TU Graz library



The properties of solids

electronic band structure E vs. k
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structure
bond potentials

density of states

Boltzmann transport

equilibrium properties
cv, free energies, bulk modulus,...

optical 
absorption

optical properties

phonon band structure  vs. k

density of states


