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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:

A aalial (g (e dpalal) Sl g SV (e Liamy ileabiail) o 35 dos gan 63 e ) Janall)
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_dn_ ﬁ=£exp(——) ...... (2).
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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.

wie = (-<E 3
Vt—<—z)t ...... (3).

%= (D)t (9.

The total electronic transport along the field direction for n_electrons in one free
path is then:

fooo X¢ (i—?) dt = <_6En°) fooo t2 exp(%)dt ...... (5).

2mty,

To simplify eq. (5) suppose :
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Then: fwft(i—?) dt = — (eEn.,Tmz) fooogyz eV dy = —Enmm? _

0 m

(_ eEn 1 ) Ty e (7).
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m
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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J = (=enhV) = —"—=0E ......(9).

ne?t,,

= —_—. 10).
where o — (10)

o represent the electrical conductivity.
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o is often expressed in term of drift mobility i.e.
IS Aalaiiall 41 i) Ao yudly Cayas il A1) AS el aladinly g e il oSy
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The conductivity is also cited in term of the electronic mean free path , then :

5= = (3 kBT)l/Z ...... (13).

Tm m

Sub eqg.(13) in eq.(10) ; we get :
ne’tr,, mne? ne?
o= = = 1
m. mSy (3mkgT) /2
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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.
3
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Where c is the heat capacity per unit volume ,v is the phonon velocity , £ is the
phonon mean free path.
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Thermal conductivity for free electron gas.
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The drude kinetic argument we have used her for o can applied to predict thermal
cond.

c., denotes the classical specific heat at constant v for the electron gas , which
given by the relation :

2
Ceg - §an ...... (16)

Sub eq.(16) and eq.(13) in eq.(15) ; we get :

3nt,, kg°T
kop = nkgt,s? = mTB ...... (17).

The relation between k., and ¢ is define by Lorentz number , which can be given
by :
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= 2.2 x 10~8(volt/kelvin)?
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This is one of the most successes of Drude’s model in the development of more
complicated models.

2 Lorentz theory for free electron conductivity:

e A i gai Sy all S S el ag 0 4 ks sk e (1905) ale 35l alladl Jae il
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Let on electron field be applied to the metal, resulting in electron drift . the velocity

distribution f, will differ from f, . consider a uniform field E so that the special
derivative of (f-f)) is zero.

The rate at which f changes with time is the sum two different kind of distribution :

Z_{z (%)ﬂe%‘ﬁ (%) ...... (19).

SCate, sy i

Since force is rate of change of momentum , and an electron of speed mv and a
force -eE in an electric field E , then the first term on the right eq.(19) is :
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Thus the effect of an electric field in changing the distribution depend on the
derivative of the distribution function with respect to velocity .
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Scattering collisions of electrons and ions (+ve) eras any acceleration of the

preceding free path , and to recreate a velocity distribution of the f . thus in
considering the influence of collisions in minimizing (f, — f) , Lorentz assume that

(a—f) . would be directly proportional to (f, —f) . the proportionally can be
0t/ scatt.

expressed in terms of a relaxation time t,.:

(%)mtt - <f°; f) e (21D,

With the aid eq.(20) and (21), we can rewrite eq.(19) in the form of a continuity
equation .

(ﬂ) 4 <£>ﬁ+ )

dt m ) ov T,
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When a steady state is reached by applying a constant electric field for a time that
Is long compared with t,. , the first term of eq.(22) must be zero . so that :

f=f+(2E).2.....23).

m
Is the steady state perturbed distribution .
DAY s 3 4 jlaaall 5l Aa gl gl @ Al e s Al
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An integration over f yields a non-vanishing drift velocity for the entire electron
gas. The metal has a finite electrical conductivity . if we suppose the field a long
the X- direction, then the current density is :

Jx = = [ evyf.dvydvydy, ... (24).
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Eye? of
Jx=0E,=—{ (T) T,V (5) dvgdvydv, ... .... (25).
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Assume that 7, depends only on the magnitude of electron speed , not on the
direction of that motion:

7, = AsT .......(26).
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The exponent j depends on the nature of the scattering mechanism . now Lorentz
assume that electrons were elastically scattered by the fixed array of ion cores.

The mean free path A is dependent of electron speed . this requires us to identify A
as the quantity A in eq.(26), with j=-1, i.e. :

A
T, = ; (27)

Sub eq.(27) in eq.(25); we get :

Ae? v\
o= _j< ¢ V’“>—f dv,dv,dv, ... ... (28).
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$? = VvtV 2 (29).
Y Vg = Vy = Vg (30).
We can write :

1
v, 2 = 552 . (31).
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This eq.(28) becomes :

oo

4me? 152 (—afo
0

o =

= N )ds o (32).
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f = f(vx)f(vy)f(— v,) thenwe get:

3
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