
Electronic properties

Primer Materials For Science Teaching



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)

IV  =
𝑉2

𝑅

E – electric field [V/m]E=V/L

𝐽 = 𝜎 ⋅ 𝐸



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

em

e
 

KT

m

an

e

3

1
2


i



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


You apply a potential difference of 4.5 [V] between the ends of a wire 
that is 2.5 [m] in length and 0.64 [mm] in radius. The resulting current 
through the wire is 18 [A]. What is the resistivity of the wire? What is 
the heat loss? 

Example 1

𝑃 = 𝐼 ⋅ 𝑉 = 𝐼2 ⋅ 𝑅 = 81 𝑊



The resistivity of Cu is 1.710-8 Wm at 300 K and the electron density is 

8.51028 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 2

me=9.1093837 × 10-31 Kg
e=1.60217663 × 10-19 C





Prove that the combination of Hall effect measurements and resitivity

measurements permits determination of the electron relaxation time

Example 3
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