
Movement of electrons in a crystal lattice

Drude - model of electron gas

Dr. Miklós Berta

bertam@sze.hu

2024. március 11.

1 / 24



Drude's electron gas

Based on experience, metals have free charge carriers. We also know from

experience that these are electrons.

me = 9 · 10−31 kg, qe = −e = −1, 6 · 10−19 C

The Drude's electron gas in a crystal lattice is characterized by the

following two parameters:

ne � electron concentration - speci�es how many electrons are present

in a unit volume

τ � average collision time - average time between two consecutive

collisions of electrons with the centers of the crystal lattice.
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Let's examine the direct current case �rst! A constant accelerating force

acts on the electron between two collisions, the magnitude of which is:

F = mea = eE = e
U

L
→ a =

eU

meL

Let's �rst consider the thermodynamic temperature as zero: T = 0K
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The electron between two collisions under the in�uence of the electric �eld

accelerates to speed:

vv = aτ =
eUτ

meL

The average speed between two collisions, which is called drift speed:

vd =
vv

2
=

eUτ

2meL
.

Charge passing through the cross section A of the conductor during time

∆t >> τ is:

∆Q = eneV = eneAvd∆t → I =
∆Q

∆t
= eneAvd = ne

e2τ

2me

A

L
U.

So the resistance is:

R =
1

σ0

L

A
=

U

I
=

2me

nee2τ

L

A
→ σ0 =

nee
2τ

2me

.
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Written in di�erential form (di�erential Ohm's law):

J =
I

A
= σ0

U

L
= σ0E .

The distance traveled between two collisions is called mean free path:

D = vdτ =
eUτ 2

2meL
.

Drude's model assumes that:

L >> D.

Next, let's see how the Drude model behaves under the in�uence of a

time-varying electric �eld!
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In the system, a constant accelerating force eE acts on the electron, while

in average every τ time, the electron loses in a collision its momentum

acquired during the acceleration. So the collision can be understood as an

average braking force equal to p
τ
. Let's write the dynamic equation of this

process:

me

dv(t)

dt
= eE(t)−

mev(t)

τ
.

After the Fourier-transform:

iωme v̂(ω) +
me

τ
v̂(ω) = eÊ(ω).

From here:

v̂(ω) =
eτ

me(1 + iωτ )
Ê(ω).

Let us consider, that:

J =
enev

2
!
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Ê(ω).

Let us consider, that:

J =
enev

2
!

18 / 24



So:

Ĵ(ω) =
σ0

1 + iωτ
Ê(ω) = σ̂(ω)Ê(ω)

It can be seen that the di�erential Ohm's law holds also in this case with

the complex speci�c conductivity:

σ̂ =
σ0

1 + iωτ
=

σ0

1 + i ω
ωco

where ωco = 1

τ
is a cut�o� frequency.
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The Hall - e�ect
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As a result of the applied electric �eld, the electrons in the wafer drift at a

speed of vd . Their speed is perpendicular to the homogeneous magnetic

�eld B, so they are subject to a Lorentz force perpendicular to both the

electric �eld and the magnetic �eld. The Lorentz force pushes the charges

in the direction of the sides perpendicular to the direction of the current, so

that these sides are charged to UH Hall voltage. The process continues

until the e�ect of the Hall voltage compensates the e�ect of the Lorentz

force:

FLorentz = FHall .

evdB = e
UH

m
.

Let us consider, that:

vd =
I

enemd
,

thus

UH =
1

ene

IB

d
= RH

IB

d
.
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The concentration of charge carriers in the wafer can be determined from

the Hall constant RH , while the sign of the charge can be determined from

the polarity of UH !

Thank You!
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