
Phonons: Thermal properties





Thermal properties - Goals

 Introduction: Why do we care?

 Debye’s Model for heat capacity

 Einstein’s Model for heat capacity

 Thermal conductivity



Heat capacity

Heat capacity is the measure of how much energy it takes to raise the temperature of a unit of mass of

an object a certain amount



Phonons Energy



Planck distribution
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at fixed frequency:



Planck distribution
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at fixed temperature:



Phonons Energy



Density of states in 1D

Recap: How many different phonon modes we have?





Density of states in 3D
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Debye model





Debye approximation
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Heat capacity for different elements
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High and low temperature limits of Debye heat capacity
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Debye approximation
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Einstein model



Real solid

D() D()

Debye solid Real crystal structure





Anharmonic crystal interactions

 There is no thermal expansion

 Two lattice waves do not interact

 The heat capacity becomes constant at high temperatures

 Adiabatic and isothermal elastic constants are equal

 The elastic constants are independent of pressure and temperature

Limitations Harmonic approximation: 
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Lattice parameters of sapphire

Sapphire: aluminum oxide (α-Al2O3) with trace amounts of elements 
such as iron, titanium, chromium, copper, or magnesium.


