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The Wiedemann-Franz Law and the 
Quantum of Thermal Conductance 

Thermal conductance of a perfectly ballistic single channel  
as Tà 0: 

per spin component 

Compare electrical conductance, again per spin channel: 

Wiedemann-Franz law, Lorenz number: 

(= 9.456 10-13 W/K2 ~ 1pW/K2) 



Recall derivation: 

Sommerfeld’s expansion as Tà0: 

The terms involving I1 drop out as Tà0 
In I2, the derivatives of the transmission coefficient don’t contribute as Tà0 



What about bosons ? 
(phonons, photons,…) 

cf: Maynard and Akkermans, PRB 32, 5440 (1985) 
Greiner et al. PRL 78, 1114 (1997) 
Rego and Kirczenow, PRL 81, 232 (1998)   

1 bosonic mode, non-conserved number (µ=0) e.g phonon, photon : 



The same universal value applies to bosons and fermions ! 



Generalization to Quasiparticles with 
Fractional Statistics 

[in the sense of Haldane PRL 67, 937 (1991); Wu PRL 73, 922 (1994)]  

Rego and Kircenow, PRB 59, 13080 (1999); Krive and Mucciolo PRB 60, 1429 (1999)  

Haldane’s exclusion statistics:  

I2 is independent  
of g (of statistics) ! 

Perfect ballistic 
single channel: 



Hence, universal thermal conductance 
independent of statistics 

for a single ballistic channel ! 
Quasiparticles of charge q obeying g-statistics: 



Deeper meaning:  
Quantum limits  
to the flow  
of information  
and entropy 

•  References: 
•  Lebedev and Levitin, Information and Control 9, 1 (1966) 
•  Pendry, J.Phys A: Math. Gen. 16, 2161 (1983) 
•  Caves and Drummond Rev Mod Phys 66, 481 (1994) 
•  Blencowe and Vitelli, Phys Rev A 62, 052104 (2000) 
•  Akkermans, Eur. Phys. J. E 28, 1999 (2009)  

Meschke News and Views  
Nature 444, 161 (2006) 



Pendry’s argument and bound 
J.B. Pendry J.Phys A 16, 2161 (1983) 

•  N bits of information transmitted in time t 
•  Entropy (information) flow:  
•  Detection: arrival/non-arrival of a particle  
•  Energy cannot be resolved better than 
•  Energies spread over 

•  Mean energy per particle: 

•  Energy current (= power of signal P) is at least:  

Hence:  
(with c a numerical  
constant) 



The Mathematical Problem: 
A single (spinless) ballistic channel 

General proof: ?? 



Note that this bound by itself does not yield a bound on 
thermal conductivity 

cf.Blencowe and Vitelli PRA 62, 052104 (2000) 
see however Akkermans EPJE, 2009 

Constrains the heat dissipated to a T=0 outside reservoir   
by a `black body’ at temperature  
T (µL=µR=0; TR=0) :  

Blencowe and Vitelli suggest a tighter bound for fermions  
which does yield the expected limit on the thermal conductance:  

JB Pendry J.Phys. Cond Mat  11, 6621 (1999) 



EXPERIMENTS 

•  Phonons 
•  Photons 
•  Electrons 



PHONONS THEORY - 
From Rego and Kircenow PRL 81, 232 (1998)  

Longitudinal (1) 
Torsional (1) 
Transverse (2) 

Shear 



Schwab et al. Nature 404,974 (2000) 





PHOTONS 

Nature 444, 187 (2006)  



ELECTRONS 

http://www.lpn.cnrs.fr/fr/Commun/Actualites/2013-10-29-Pierre-Courant_chaleur.php 







Manipulating thermal currents with 
magnetic fields ! 

Giazotto and Martinez-Perez 
Nature 492, 401 (2012)  
News and Views: 
R.Simmonds p. 358  


