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Chapter Three

Classical Free Electron Model:

We can understand a number of important physical properties of metals in
term of the free electron model.

According to this model the most weakly bound electrons move about freely
through the volume of the metal.

1. The Valence electrons of the atom become the conduction electrons.
2. Forces between conduction electrons and ions are neglected .

3. The total energy is all kinetic energy.

4. The potential energy is neglected.

Classical theory of free electron gas

'Drude theory for free electron conductivity:

In the development of a classical free electron model for conduction it is
seemed to assume that the mean free A path of an electron would be cotrolled by
elastic collisions with the + ve ions .

The first simple classical model for a free electron gas in a metal was
described by drude (1900) .

In (1905) Lorentz developed drude theory.

Drude supposed that moving electrons are scattered by random collisions
with the ion cores. The term( random) is used here to indicate that the average
velocity is zero after any scattering collision .

We can define the mean free time t,,, as the reciprocal of the collision probability
perunit time .
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Let us consider a group of n_electrons at time then the number of electrons which
have survived without collision .Unit time tis :

The rate at which collisions are then removing electrons from the ranks of
survivors is:
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Now suppose that an electric field E has been present while these electrons have
been moving and colliding . After a time t, an electron which has not yet been
scattered has achieved adrift velocity.
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The total electronic transport along the field direction for n_electrons in one free
path is then:
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To simplify eq. (5) suppose :
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Then: fwft(i—?) dt = — (eEn.,Tmz) fooogyz eV dy = —Enm? _
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If we suppose that our metal has a total of n electrons/ m3, all with constant
drift velocity Av in an electric field E , then the electrical current density is :
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o represent the electrical conductivity.
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o is often expressed in term of drift mobility i.e.
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The conductivity is also cited in term of the electronic mean free path , then :

5= = (3 kBT)l/z ...... (13).
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Sub eqg.(13) in eq.(10) ; we get :
ne’tr,, mne? ne?
o= = = 1
m. mSy (3mkgT) /2

(14) Aalaal) & DAY gually 050 4500 s ser 400 5eSl Alua gl e el (Say 13Sa
S S 38 die 5 5 pall Gla gy e aady 520 G5 T /2 g Lasb il g b gl
Sla o die il el A 350 4k Jas el T75 g by g gl Akl 550 ja ila
Y b I g Al L) Gl el Llad < pa®i Y Jaa gill @il g i3SI Y elld g dal ol 3 ) )

s gall b ) sl Lgalalanal (e 35

Thermal conductivity :

The thermal conductivity coefficient K of as did id define as :

dT
dx

Q=
Where Q is the flux of thermal energy , Z—Z Is the temperature gradient .

From the kinetic theory of gases we fined the expression for the thermal
conductivity :

k=< cve.
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