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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, ge = —e = —1,6- 10719¢
The Drude's electron gas in a crystal lattice is characterized by the

following two parameters:

@ n. — electron concentration - specifies how many electrons are present
in a unit volume

e T — 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 first! A constant accelerating force
acts on the electron between two collisions, the magnitude of which is:

U elU
F=mia=eE=e— v a=——
L meL
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Let's first consider the thermodynamic temperature as zero: T = 0K

4/24



¢z

Let's examine the direct current case first! A constant accelerating force
acts on the electron between two collisions, the magnitude of which is:

U elU
F=mia=eE=e— v a=——
L meL

Let's first consider the thermodynamic temperature as zero: T = 0K

5/24



The electron between two collisions under the influence of the electric field

accelerates to speed:

eUTr
v, —ar = ——
mglL
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Charge passing through the cross section A of the conductor during time
At >> T is:

elr A
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Written in differential form (differential Ohm's law):

/
J= - = 0p— = oyE.
AT
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Written in differential form (differential Ohm's law):

=t —aY —oE
_A_O'OL—O'U o

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

eUr?
D=vyr = .
2m.lL
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Next, let's see how the Drude model behaves under the influence of a
time-varying electric field!
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In the system, a constant accelerating force eE acts on the electron, while
in average every T 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 . Let’s write the dynamic equation of this
process:
dv(t) mev(t)
m eE(t
¢ dt () - T
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After the Fourier-transform:

iwomei (W) + €5 (w) = eE(w).
T
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From here:

Let us consider, that:
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So:
of)]

1+ iwT
It can be seen that the differential Ohm’s law holds also in this case with
the complex specific conductivity:

J(w) = E(w) =6w)E(w)

(od1] (o))
1+iw7'_1+iwi
co

o =

where wee = % is a cut—off frequency.
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The Hall - effect




As a result of the applied electric field, the electrons in the wafer drift at a
speed of vg. Their speed is perpendicular to the homogeneous magnetic
field B, so they are subject to a Lorentz force perpendicular to both the
electric field and the magnetic field. 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 Uy Hall voltage. The process continues
until the effect of the Hall voltage compensates the effect of the Lorentz
force:

Frorentz = F Hall

U
evyB = e,
m
Let us consider, that:
I
vy =
d enomd’
thus
_11B R IB
H= ene d Ha-
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The concentration of charge carriers in the wafer can be determined from
the Hall constant Ry, while the sign of the charge can be determined from
the polarity of Uy!

Thank You!
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