
 

 

 

 

 

LECTURE 4: Information-powered refrigerators; quantum 

engines and refrigerators 

  



Fluctuation relations 

U. Seifert, Rep. Prog. Phys. 

75, 126001 (2012) 



Fluctuation relations in a circuit 

Experiment on a double quantum dot  

Y. Utsumi et al. PRB 81, 125331 (2010), B. Kung et al. 

PRX 2, 011001 (2012) 



Driven systems 

TIME 

Work and dissipation in a driven process? 



Dissipation and work in single-

electron transitions 
Heat generated in a tunneling event i: 

 

 

 

Total heat generated in a process: 

 

 

 

Work in a process: 

D. Averin and JP, EPL 96, 67004 (2011) 
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Experiment on a single-electron box 
O.-P. Saira et al., PRL 109, 180601 (2012); J.V. Koski et al., Nature Physics 9, 

644 (2013). 
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The distributions satisfy Jarzynski equality: 
Wd /EC 

P(Wd)/P(-Wd) 

 



Measurements of the heat distributions 

at various frequencies and temperatures 
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Maxwellôs Demon 



Negative heat 

Possible to 

extract heat 

from the 

environment 

Provides means to realize Maxwellôs demon using SETs 



Electronic Maxwellôs demon 

S. Toyabe et al., Nature Physics 2010 

 
D. Averin et al., PRB 84, 245448 (2011). 

G. Schaller et al., PRB 84, 085418 (2011). 

P. Strassberg et al., PRL 110, 040601 (2013). 

J. Bergli et al., Phys. Rev. E 88, 062139 (2013).  

òwatch and moveò 
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Vg2 



Information-powered cooling: Szilardôs 

engine 

Isothermal expansion of the òsingle-molecule gasò does work against the load 

Figure from Maruyama et al., 

Rev. Mod. Phys. 81, 1 (2009) 

(L. Szilard 1929) 



Experiments on Maxwellôs demon 

S. Toyabe, T. Sagawa, M. Ueda, E. Muneyuki, M. Sano, 

Nature Phys. 6, 988 (2010) 

 

É. Roldán, I. A. Martínez, J. M. R. Parrondo, D. Petrov, 

Nature Phys. 10, 457 (2014) 

 



Szilardôs engine for single electrons 

Entropy of the charge states:  

Quasi-static drive 

Fast drive after the 

decision 

In the full cycle (ideally): 

J. V. Koski et al., PNAS 111, 13786 (2014); PRL 113, 030601 (2014). 

Measurement 



Extracting heat from the bath 

-  kBT ln(2) 
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Erasure of information 
A. Berut et al., Nature 2012 Landauer principle: erasure 

of a single bit costs energy 

of at least kBT ln(2) 
Experiment on a colloidal particle: 

Corresponds to our experiment: 

-  kBT ln(2) 


