Free electron model
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A few estimates for Na
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Berechnete Parameter der Fermifiéchen fiir freie Elektronen in Metallen bei Zimmertemperatur
(Nur fiir Na, K, Rb, Cs bei 5 K und fiir Li bei 78 K)

Elektronen- Radius- Fermi- Fermi- Fermi- Fermitemperatur
konzentration parameter?  Wellenvektor geschwindigkeit  energie Tr =er /kp
Wertigkeit Metall in cm™3 rs in cm™! in cms~! ineV inK
1 Li 4,70 x 102 3,25 1,11 x 108 1,29 x 108 4,72 5,48 x 10*
Na 2,65 ‘ 3,93 0,92 1,07 3,23 3,75
K 1,40 4,86 0,75 0,86 2,12 2,46
Rb 1,15 5,20 0,70 0,81 1,85 2,15
Cs 0,91 563 0,64 0,75 1,58 1,83
Cu 8,45 2,67 1,36 1,57 7,00 8,12
Ag 5,85 3,02 1,20 1,39 5,48 6.36
Au 5,90 3,01 1,20 1,39 5,51 6,39
2 Be 24,2 1,88 1,93 2,23 14,14 16,41
Mg 8,60 2,65 1,37 1,58 7,13 8,27
Ca 4,60 3,27 1,11 1,28 4,68 5,43
Sr 3,56 3,56 1,02 1,18 3,95 4,58
Ba 3,20 3,69 0,98 1,13 3,65 4,24
Zn 13,10 2,31 1,57 1,82 9,39 10,90
Cd 9,28 2,59 1,40 1,62 7,46 8,66
3 Al 18,06 2,07 1,75 2,02 11,63 13,49
Ga 15,30 2,19 1,65 1,91 10,35 12,01
In 11,49 2,41 1,50 1,74 8,60 9,98
4 Pb 13,20 2,30 1,57 1,82 9,37 10,87
Sn(w) 14,48 2,23 1,62 1,88 ' 10,03 11,64

& Der dimensionslose Radiusparameter ist definiert als ry = rg/ay; dabei ist ay der erste Bohrsche Radius und g der Radius einer Kugel, die ein Elektron
enthilt.



Density of states
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Typical values for free electrons

. Fermi Temperature
Metal Valence Fermi energy E; P

Te=Ec/kq
Li 1 4.72 eV 5.5x 10* K
Na 1 3.23 eV 3.75 x 10K
Al 3 11.63 eV 13.5 x 10* K

For typical metals, the Fermi evergy temperature is much greater thaw ordinary temperatures
Transition from f(€)=1 to £(€)=0 is rather sharp at room temperature
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Heat capacity of electrons
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Heat capacity of electrons
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Heat capacity of metals
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Experimental heat capacitance
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S. Riggs et al., Nature Physics 7, 332 (2011)



Low temperature heat capacity coefficient for some metals
in units of 10 J/(mol-K)
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Heavy fermions
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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 1/; .

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

» Electrons achieve thermal equilibrium with their surroundings only through collisions.
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