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Electrons




Electrons

Electrons move like waves but exchange energy and momentum
like particles.
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Infinite square well

Fill the electrons states like 1n an atom.
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https://lampz.tugraz.at/~hadley/ss1/book/independent particle/squarewell.php



Screened potential

Fill the electrons states like in an atom.

Il Screened potential
Il Coulomb potential

https://lampz.tugraz.at/~hadley/ss1/book/independent particle/mott.php
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The valence electrons become unbound
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Free particles in 1-d

Periodic boundary conditions
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Free particles in 1-d
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Periodic boundary conditions
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Free particles in 1-d
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Density of states
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free electrons (simple model for a metal)

3-d density of states
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Fermi function

f(E) 1s the probability that a state at energy E 1s occupied.
1

1+exp (E—,uj
k,T

1 = chemical potential
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http://lampx.tugraz.at/~hadley/ss 1 /materials/thermo/gp/gp/Fermi-function.html



Chemical potential

1

f(E)=
Hexp[E—ﬂj
k,T

The chemical potential 1s implicitly defined as the energy that
solves the following equation.

o= [ o= [ e

Here n 1s the electron density.



Fermi energy

In solid state physics books,

Ep=W(1=0).

In semiconductor books, EAT) = w(7).

AtT=0 n= | D(E)dE



Free particles in 3-d
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Fermi sphere

spin

Fermi surface,
at energy

s

n = electron density
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The thermal and electronic properties depend on the states at the Fermi surface.



Internal energy density at T = 0




Pressure 3-D
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Bulk modulus
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See: Landau and Lifshitz, Statistical Physics 1
or Ashcroft and Mermin, Solid State Physics



Bulk modulus

Table 2.2
BULK MODULI IN 10'° DYNES/CM? FOR SOME
TYPICAL METALS“

METAL FREE ELECTRON B MEASURED B

Li 23.9 115

Na 0.23 6.42

K 3.19 2.81

Rb 2.28 1.92

Cs 1.54 1.43

Cu 63.8 134.3

Ag 34.5 99.9

Al 228 76.0

“ The free electron value is that for a free electron gas at the observed
density of the metal, as calculated from Eq. (2.37).

Ashcroft and Mermin
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Sommerfeld expansion
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Electronic specific heat
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from Kittel

. Table 2 Experimental and free electron values of electronic heat

Li Be capacity constant y of metals B N
1.63 § 0.17
0.749 J,GSOD (From compilations kindly furnished by N. Phillips and N. Pearlman. The
518 | 034 | thermal effective mass is defined by Eq. (38).)
Na | Mg B Al
138 | 1.3 Observed y in mJ mol™' K™* §135 |

i .;.'1.694 0.992 i . Calcuiated free eléctrony in mJ mor* K P‘Q.QLL?
126 1.3 mu/m = (observed vy)/(free electron y). 1.48
K Ca Sc Ti Vv Cr Mn(y)] Fe Co Ni Cu Zn Ga Ge As
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125 § 19 1.38 §085 §0.58
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Rb Sr Y Ir Nb Mo | Tc Rh Pd Ag Cd In Sn w i Sb
241 36 10.2 | 2.80 7.79_ 2.0 — 49 942 | 0646 ] 0.688 | 1.69 1.78 0.11
rofiyive0t ‘ - | Josssjo9es}1233 hgao |
126 120 1.00 §0.73 1.37 126
Cs Ba La Hf Ta W Re ir Pt Au Hg(a)} T Pb Bi
320 |27 1. |216 |59 |13 |23 131 |s8 Jo729}179 147 2.98 |0.008
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