
 

Einstein model of the density of states
Consider N oscillators with the same

frequencyno ID case
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The thermal energy of the System
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The heat capacity Cv
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Obtained un 1907 Einstein contribution from
N identical oscillators to the heat capacity
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General result for Dew
we want to find a general expresión for Dias
Of States per unit frequency range

gwen that we have a dispersion relation wait

The number of allowed vi values for which
the phonon frequency hes between no urdu
is given by
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The integration is done over he Volume of
the shell in E space bounded by two
surfaces on which the frequency of phonons
is constant

one has frequency w

other has frequency not du



The problem is to evaluate the volume of
the shell
Let dsw denote an element of area op the

Surface in E space at which is treg.is w

n
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The element Of Volume between
was the constant frequency surfaces
constan w and at due is a rightcylinder of base dsw and heightAks
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s vs the perpendicular distance between the

two surfaces and it may vary from one point
to another

The gradient of no gwen Üw ves esto 1
o the surfacetTkE kx.dky diez where W is Constant

Janet dk dw is the difference in frequency
between the two surfaces corrected bydksdswdkardswpqdI.eu dswpdzgY

Md WI is the magnitude of the groupvelocity



Of phonons
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Free electron Fermi Gas

Energy levels ID

An electron confined in a length L In 113
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we know that the solution to this equation
Un4 An Sinckx t Bn Costa

Because the electron is confined to alenght L
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Replacing in s E En tan LÉGER
We want to accommodate N electrons
Pauli exclusion principle

No two electrons can have all their
quantum numbers equal

The Q N that play a role are

n principal quantum number Associated toon

Mg Magnetic q number Associated to thespin

Electrons can have tus 1 2 spin

Example me hare 8 electrons
n mg Occupation how many e

1 4 1

1 te 1

2 A 1

2 d 1

3 4 1



3 tu 1 nF Fermi level

4 4 1 Topmost filled energy level
4 de 1 Of the System
5 A 0 we start filling at
5 tu 0 the bottom Cn 11
In this case me 4 all e are accommodated

If N in an even number n q
This cord
determines
DE

Efe Fermi energy
Energy of the topmost filled Level in the
Ground State Of the N electron system
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Effect of temperature

The ground state is defined a Teo

when we increase the temperature
e gain kinetic energy e

The probability of having an energy level occupied
is gwen by the Fermi Dirac distribution
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µ chemical potential energy that me need to
add remove apartide

µ depends on T and when Teo µ EE



The high energy tail of the distribution
for which C 1 kg 1 is dominated by

f E e
le 14kg T

which is the Maxwell Boltzmann distribution
describing classical particles Cro spin


