Conseguence of Electrons as Waves on
Free Electron Model

« Boundary conditions will produce quantized energies for
all free electrons in the material

* Two electrons with same spin can not occupy same
electron energy (Pauli exclusion principle)

Imagine 1-D crystal for now
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Since material is usually big and electron small, traveling wave picture used
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Conseguence of Electrons as Waves on
Free Electron Model

Traveling wave picture Standing wave picture

y 4
ML

0
0 L
L ¥(x)=¥(x+L)
eikx _ eik(x+L)
1: eikL
= 2
L

Just having a boundary condition means that k and E are quasi-continuous,
I.e. for large L, they appear continuous but are discrete
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Representation of E,k for 1-D Material
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All e- in box accounted for
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Total number of electrons=N=2*2k-*L/2n
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Representation of E,k for 1-D Material
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g(E)=density of states=number of electrons per energy per length
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®n=is the number of electrons per unit length, and is
determined by the crystal structure and valence

®The electron density, n, determines the energy and velocity of
the highest occupied electron state at T=0
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Representation of E,k for 2-D Material
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Representation of E,k for 3-D Material
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So how have material properties changed?

The Fermi velocity is much higher than
KT even at T=0! Pauli Exclusion raises
the energy of the electrons since only 2
e- allowed in each level

Only electrons near Fermi surface can
interact, i.e. absorb energy and
contribute to properties

T~10%K (T,~10K),
E-~100E,.., V2~100v .2

class
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Fermi energies, fermi temperatures, fermi waves vectors, and fermi velocities for representative metals

* The table entries are calculated from the values of ry/ a) given in Table 1.1 usingm = 9.11 x 1 0-28 grams.

Table by MIT OpenCourseWare.




Effect of Temperature (T>0): Coupled electronic-thermal
properties in conductors (1.e. c,)

» Electrons at the Fermi surface are able to increase energy: responsible for
properties

e Fermi-Dirac distribution

* NOT Bolltzmann distribution, in which any number of particles can occupy
each energy state/level

Originates from:
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Fermi-Dirac Distribution: the Fermi Surface

when T>0
f(E) A ‘
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1 — - -
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Heat capacity of metal (which is ~ heat capacity of free e- in a metal): U=total energy of
ouU , electrons in system
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C, = (a—_l_j =2-9(E.) kKT Right dependence, very close to exact derivation
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Heat Capacity (c,) of electrons in Metal

* Rough derivation shows c,~const. X T , thereby giving correct
dependence

« New heat capacity is about 100 times less than the classical
expectation

2

. . /A
Exact derivation: |6, =% kT -9(Er)
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