
Specific heat (definition)  

and its relation to the temperature derivative 

of total internal energy   

, , 

Hence, the specific 

heat C=dQ/dT is 

The energy differential 

Change of the heat Q consists of the change of total energy + the work done: 



Phonon contribution to the total energy 
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The energy of all excitations (phonons) is given by the sum over all 

quantum states, which are numbered by the wave vector k=p/ℏ :  

The filling number nk of the quantum states of phonons is given by 

Bose-Einstein distribution function:  
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The phonon dispersion (k) may 

consist of several branches . 

The phase volume    

gives the number of quantum states.  
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Specific heat (heat 

capacity of unit mass) 



Heat capacity and density of phonon sates in 1D 

Energy of 

phonon gas 
or 

In 1D case 

1. In Debye approximation  and 

2. In the Einstein model 

3. For 1D chain of atoms 

and the density  

of phonon states  

Heat capacity in  

3D as function of 

temperature T/ 

density of states  

in 1D  

T
3 

CT 

in 1D
 



Density of phonon states in 3D (general case) 
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Density of phonon states in 3D Debye model 

In Debye model [linear  (k)] the number of phonon 

states with energy less than  in a volume V=L3 is 

The Debye (cut off) frequency  

The thermal energy is given by 


