
Information in feedback ratchets 

 
Natalia Ruiz-Pino1,2, Daniel Villarubia Moreno1,3, Antonio Prados2, Francisco Javier Cao García1,4 

1Universidad Complutense de Madrid, Madrid, Spain, 2Universidad de Sevilla, Sevilla, Spain, 3Universidad Carlos III, Madrid, 
Spain, 4IMDEA Nanociencia, Madrid, Spain 

 
Feedback control uses the state information of the system to actuate on it. The information used implies an 
effective entropy reduction of the controlled system, potentially increasing its performance. How to compute 
this entropy reduction has been formally shown for a general system, and has been explicitly computed for 
spatially discrete systems. Here, we address a relevant example of how to compute the entropy reduction by 
information in a spatially continuous feedback-controlled system. Specifically, we consider a feedback flashing 
ratchet, which constitutes a paradigmatic example for the role of information and feedback in the dynamics 
and thermodynamics of transport induced by the rectification of Brownian motion. A Brownian particle moves 
in a periodic potential that is switched on and off by a controller, with the latter performing the switching 
depending on the system state. We show how the entropy reduction can be computed from the entropy of a 
sequence of control actions, and also discuss the required sampling effort for its accurate computation. 
Moreover, the output power developed by the particle against an external force is investigated, which---for 
some values of the system parameters---is shown to become larger than the input power due to the switching 
of the potential: the apparent efficiency of the ratchet thus becomes higher than one, if the entropy reduction 
contribution is not considered. This result highlights the relevance of including the entropy reduction by 
information in the thermodynamic balance of feedbackcontrolled devices, specifically when writing the 
second principle: the inclusion of the entropy reduction by information leads to a well-behaved efficiency 
over all the range of parameters investigated. 
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