
PH575 Spring 2009!

Lecture #16/17!
Free electron metals: electrical & thermal conductivity 
Sutton Ch. 8  pp 158-164; Kittel Ch. 6.!
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Electrical conductivity!
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Collisions with thermal vibrations and 
defects (not stationary ions or other 
electrons as Drude envisaged) stop the 
Bloch oscillations and cause electron to 
settle to a drift velocity.!

Average time between 
collisions τ!
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Electrical conductivity!
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Carrier density n; charge q; conductivity σ;  
resistivity ρ: This is OhmÕs law (current 
proportional to voltage).  Now we have 
dissipation! 
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= σ This is the free electron model prediction for the 
conductivity
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Resistivity of Al alloys!Cu at 77K has!
ρ " 0.2 µΩ cm.!

What is σ77Κ?!
What is τ77Κ?!
What is mean free path?!
How many lattice constants?!

These quantities become 
temperature independent at 
low T => scattering by Þxed 
impurities.  At higher temps, 
scattering by thermal 
vibrations.  !
If mfp " 30 nm @ 300K, then 
what is σ300Κ?!



Thermal Conductivity!

Classical:! K = 1
3Cvl

SpeciÞc heat per unit volume!

velocity!

Mean free path!

Fermi electron gas:!
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The electronic contribution dominates in pure metals (τ large).!
In disordered alloys, reduction of mfp may mean phonon 
contribution is signiÞcant.!



Wiedemann- Franz Law:!
At not-too-low temperatures, the ratio of the thermal to electrical 
conductivity of metals is proportional to temperature and the 
constant of proportionality is material independent!!
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* L = 2.45+10, 8W- / K 2

Metal! 0ûC! 100ûC! Metal! 0ûC! 100ûC!

Ag! 2.31! 2.37! Pb! 2.47! 2.56!

Au! 2.35! 2.40! Pt! 2.51! 2.6!

Cu! 2.23! 2.33! W! 3.04! 3.20!

Mo! 2.61! 2.79! Zn! 2.31! 2.33!



Seebeck  Effect: Electrical voltage from temperature gradient !

V = S! T S = Seebeck  coefÞcient!
¥ measured in V/K!
¥ few µV/K metals; 100s µV/K semicond!
¥ kB/e is 82 µV/K Ð natural unit of measure!

What happens when we heat?!

Many carriers! Few carriers!
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Seebeck  Effect: Electrical voltage from temperature gradient !

V = S! T S = Seebeck  coefÞcient!
¥ measured in V/K!
¥ few µV/K metals; 100s µV/K semicond!
¥ kB/e is also V/K measure!

What happens when we heat?!

Diffusion! Electric Þeld results!
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Seebeck  Effect: Electrical voltage from temperature gradient !

¥ solid state devices!
¥ Bi2Te3 is used!

ZT = S2σ
κ thermal

= S2σ
κ elec +κ phonon



Magnetic Response: Hall Effect!
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 www.eeel.nist.gov/ 812/effe.htm 



Hall Effect: Þeld perpendicular to current results in transverse voltage!
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B = Bẑ = (0,0,B)Static case: d/dt = 0!



Magnetic Response: Hall Effect!
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Special case: vy= 0!

Hall CoefÞcient RH:!
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RH < 0 for electrons!
RH > 0 for holes!



Magnetic Response: Hall Effect!

Routinely used to measure carrier type and concentration in 
semiconductors!
This derivation is for simple one-band model; more complex if 2 
or more bands involved!
RH large if n small!
Related concept is mobility µ of carriers:!
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Mobility µ of carriers measured in cm2/Vs (usually), and is more 
easily understood as [cm/s]/[V/cm] or velocity per Þeld.!
µGaAs " 8000 cm2/Vs, µSi " 100 cm2/Vs, µp-TCO " 1 cm2/Vs!



http://www.eeel.nist.gov/812/hall.html!

LakeShore Hall System!

Van der Pauw conÞguration --->!


