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Resistance has geometrical dependence

Ohm’s low

A[m2]

L[m]

ρ[m∙Ω]

ρ – electrical resistivity 
(Material property)

Voltage=[V]

I – current [A]
V – Voltage [V]
R – Resistance [Ω]

P – Watt [W]

Power dissipation:

σ – electrical conductivity [S/m]

J – Current density (flux, [A/m2])

IV  =
𝑉2

𝑅

E – electric field [V/m]E=V/L

𝐽 = 𝜎 ⋅ 𝐸

𝑝 = 𝐽 ⋅ 𝐸 = 𝜎 ⋅ 𝐸 2

p – Watt [W/m3]



Drude model

Assumptions
•All atoms gives their valance electron to the ‘sea of electron’
•Ion are localized, Electron moves in straight lines between collisions
•Relaxation time: τ – time between collisions

The electrical conductivity related to  
the relaxation time 

ne 

n – electron density
ni – metal ion density
e – electron charge
me- electron mass
- mobility
a- atomic (metallic) radius
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Typical relaxation times

[μΩ∙cm] = 1X10-8[Ω ∙m]



Drift velocity

Vth – thermal velocity
E – electric field
Vdrift – drift velocity

When J = 0 the drift velocity is zero. Meaning that in average each 
electron has zero displacement
When J ≠ electron moves with typical velocity of vdrift

Electron moves in metal
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http://www.youtube.com/watch?v=dyX5I_io7bg


Example 9.1
Calculate DC conductivity of Na at room temperature using Drude model. 

What would you expect the conductivity of Li to be if 10% of the Li were 

replaced by He?

The relaxation time will not change significantly because the number of scattering 
centers  will remain.  The electron concentration and the condcutivity will drop 
accordingly by 10%
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Example 9.2

The Hall constant of silver is 1.19 times larger than theoretical 

(Rh·e·n=1.19) and the plasma frequency is only 3.93 eV instead of the 

theoretical 8.98 eV.

a) What can you conclude about the real number of free electrons 

contributed by one atom?

b) Does the plasma frequency agree with Hall data? Can you offer a 

reasonable explanation?



1. Both number are hardly reconcilable. 

According to Hall effect nnominal/ nreal=1.19. nreal is smaller than nnominal

by that factor of 1.19.

According to the plasma frequency nreal is smaller than nnominal by a 

factor of (8.93/3.93)2=5. 

2. It is clear from the above that the only way how the numbers can 

agree with each other, is that the effective mass of the electron in Ag 

differs from the effective mass of a free electron, i.e. the band structure 

of Ag is quite complicated.
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The resistivity of Cu is 1.710-8 Wm at 300 K and the electron density is 

8.51028 m-3. 

(a) Calculate  the relaxation time of electrons in Cu at 300 K .

(b) Calculate the mean free path of the electrons using Drude

approximation.
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Example 9.3





Prove that the combination of Hall effect measurements and resitivity

measurements permits determination of the electron relaxation time

Example 9.4
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