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A few estimates for Na

a=4.2 Å





Density of states 
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Typical values for free electrons

Metal Valence Fermi energy EF

Fermi Temperature 
TF=EF/kB

Li 1 4.72 eV 5.5 x 104 K

Na 1 3.23 eV 3.75 x 104 K

Al 3 11.63 eV 13.5 x 104 K

For typical metals, the Fermi energy temperature is much greater than ordinary temperatures

Transition from f(E)=1 to f(E)=0 is rather sharp at room temperature



Heat capacity of metals



Only electron states near EF participate in 
excitation processes

Heat capacity of electrons



Heat capacity of electrons



Heat capacity of metals





Experimental heat capacitance

YBa2Cu3O2.5

S. Riggs et al., Nature Physics 7, 332 (2011)



Material 𝜸𝒆𝒙𝒑 𝜸𝒕𝒉

Li 18 7.4

Na 15 11

K 20 17

Cu 7 5.0

Ag 7 6.4

Be 2 2.5

Bi 1 5.0

Mn 170 5.2

Low temperature heat capacity coefficient for some metals

in units of 10-4 J/(mol-K)



Heavy fermions



Electronic transport - Drude model

4 major assumptions

 Electrons are treated as classical particles within free electron model approximation.

 Electrons move freely only between collisions with scattering centers.

 An electron experience a collision with a probability Τ1 𝜏 .

=relaxation time (collision time), i.e. average time between two consecutive scattering events

 Electrons achieve thermal equilibrium with their surroundings only through collisions.



Drude model for electrical conductivity






