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The purpose of the meeting was to bring together specialists with different backgrounds, finite time thermodynamics, Brownian motors, nonequilibrium statistical mechanics and stochastic processes, and to discuss the possible interconnections between these fields, with special attention to the role of fluctuations.

The format of the meeting, with about 30 participants and a lot of discussion time (each talk of 25 minutes was followed by 15 minutes of discussion) proved to be very efficient. Many participants expressed their enthusiasm with the meeting, more specifically the possibility of meeting with other people, learning about very different topics relevant to their own field, and the format of the talks allowing a lot of interaction.

One of the outcomes is that the study of small engines and their inherent fluctuations suggest a totally new way for looking at irreversible and finite time thermodynamics. In particular the formulation of such theories including fluctuations (but still assuming local equilibrium  or endoreversible approximation) should be worked out.

The meeting was also a great success from the financial point of view, since many speakers and most participants came with own funding for both travel and staying expenses. We used ESF funding for partial funding of only 5 speakers and for a contribution to overall cost. Additional support was provided by Prof P. Salamon through his SDSU funding and Prof. K. Lindenberg through UCSD funding.

Included below is the final program of the meeting, the list of participants and the list of abstracts.

	PROGRAM

	

	(Presentations 25 minutes/Followed by 15 minutes of discussion)


	Wednesday, July 26
	

	
	

	19:00 – 21:30
	Welcome reception and dinner at Salamon home**

	
	(Conference packets & badges provided at this time)

	
	


	Thursday, July 27
	UCSD Revelle Campus, Natural Science Building, Room 3211 

	
	

	08:45 – 09:15
	Continental breakfast, conference room area

	
	

	09:15 – 09:30 
	Lindenberg - Opening remarks 

	
	

	09:30 – 10:10
	Kawai

	
	

	10:10 – 10:50 
	Coffee break

	
	

	10:50 – 11:30 
	Van den Broeck 

	
	

	11:30 – 12:10 
	Crooks

	
	

	12:10 – 14:00
	Lunch & break   (patio tables available on 2nd & 3rd  floors NSB)

	
	

	14:00 – 14:40 
	Salamon

	
	

	14:40 – 15:20 
	Hoffman

	
	

	15:20  - 16:00 
	Coffee break & discussion time

	
	

	16:00 – 16:40 
	Andresen

	
	

	16:40 – 17:20 
	Essex

	
	


	Friday, July 28
	UCSD Revelle Campus, Natural Science Building, Room 3211

	
	

	08:45 – 09:15
	Continental breakfast, conference room area

	
	

	09:15 – 09:55 
	Komatsu

	
	

	09:55 – 10:35 
	Sekimoto

	
	

	10:35 – 11:00
	Coffee break

	
	

	11:00 – 11:40 
	Nakagawa

	
	

	11:40 – 12:20 
	Mateos

	
	

	12:20 – 14:00 
	Lunch & break   (patio tables available on 2nd & 3rd  floors NSB)

	
	

	14:00 – 14:40 
	Discussion

	
	

	14:40 – 15:20 
	Gomez-Marin

	
	

	15:20 - 16:00 
	Coffee break & discussion time

	
	

	16:00 – 16:40 
	Esposito

	
	

	18:30 – 20:00
	No host dinner at El Torito (easy walk from Residence Inn)


	Saturday, July 29
	UCSD Revelle Campus, Natural Science Building, Room 3211

	
	

	08:45 – 09:15
	Continental breakfast, conference room area

	
	

	09:15 – 10:15 
	Round table:  Can Brownian motors achieve Carnot efficiency?

	
	

	10:15 – 10:45 
	Coffee break

	
	

	10:45  – 11:45
	Round table:  What was new that we learned about irreversibility?

	
	

	11:45  – 12:00
	Wrap up and closing remarks

	
	

	12:00   - 12:30
	Box lunch and departure
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Also in attendance:  Pat Edwins (conference facilitator); John Weare, UCSD and John Wheeler, UCSD.

	Andreson
&

Essex
	Fuel cells and finite-time thermodynamic optimization of mitochondrial chemistry.

In mitochondria the large free energy of reaction between hydrogen and molecular oxygen is harvested in a number of steps by the cytochrome chain. This process is of keen interest because mitochondria are the fuel cells of the body. The context is nonetheless foreign to contemporary fuel cell design. Thus insights gained here are valuable for design questions generally and the energetic optimization of industrial fuel cells specifically. We aim toward demonstrating the use of thermodynamic geometry and optimization at equipartition of thermodynamic distance through this biochemical example in computing the theoretically optimal sequence of energy degradation steps and comparing this with the actual energy steps in the cytochrome chain. It is shown how this problem can be formulated in such a way that this can be contemplated. This is the first application of the thermodynamic metric to real chemical reactions. The work is still in progress.


	Crooks


	Bayesian estimates of free energies from nonequilibrium work data in presence of instrument noise

Recently, it has become possible to measure the work applied to fold  

or unfold a single RNA hairpin by tugging on the ends of the polymer.  

I will discuss how to extract equilibrium free energies from these  

nonequilibrium work measurements, taking into account that real  

experiments are not ideal, and real measurements are inaccurate.



	Esposito


	Electron Counting Statistics in Nanosystems
We discuss the problem of generalizing the classical fluctuation relations to quantum mechanics. We show that, for systems described by quantum master equations, a trajectory picture of the quantum dynamics can be provided and that various fluctuation relations can be derived. However, the physical interpretation of the observables associated to the quantum trajectories remain unclear. We then show that a many-body quantum master equation can be derived to describe the dynamics of a nanosystem (quantum dot or single molecule) maintained out of equilibrium by weakly interacting with two leads at different chemical potential. We present the generating function formalism which allows to perform the full electron counting statistics of the junction and show that in the rotating wave approximation a fluctuation theorem for the current holds. We comment on the binning time after which the fluctuation theorem becomes valid.



	Gomez-Marin


	Work and Heat in Feynman Brownian devices

For several models of two temperature Brownian machines, we study generic properties of the work performed, heat conducted and entropy produced.  The structure of the probability distribution functions of such quantities is analyzed.  In the linear response regime, we calculate the Onsager coefficients and check their symmetry properties.  We also show how to convert such motors into refrigerators.
References of recent works will be cited.


	Hoffman


	Quantifying Dissipation
While classical thermodynamics uses equilibrium descriptions for the characterization of thermodynamic systems, all processes occurring in reality are irreversible and in many cases these irreversibilities must be included in a realistic description of such processes.  Endoreversible and finite-time thermodynamics are non-equilibrium approaches developed over the past three decades which focus on the irreversibilities in real thermodynamic processes.  Endoreversible thermodynamics views a system as a network of internally reversible (endoreversible) subsystems exchanging energy in an irreversible fashion.  In this talk a general framework for the endoreversible description of a system is presented, followed by a discussion of the performance of such systems.


	Kawai
	Fluctuation Theorems Explained with Freshman Physics
Three case studies on various fluctuation theorems are presented using simple physical processes taught in freshman physics courses.  Jarzynski equality and Crooks relation are demonstrated with rapid expansion and compression of  ideal gases and also with Joule experiments. Fluctuations in effusion is shown to satisfy another variation of fluctuation theorems.  In all cases, exact analytical calculations confirm the fluctuation theorems and the results are compared with molecular dynamics simulation. 



	Komatsu


	A working mechanism of molecular heat engines and heat pumps

We study mesoscopic systems working as a heat engine or a heat pump when a temperature difference or an external force is applied to the systems. We present a physical picture explaining how they work, which can hold generally in the class of Feynman's ratchetthat was considered in the context of molecular motors.  We report that

‘hidden heat transfer'’ associated with barrier-overcoming process leads to the function as a heat pump, and that ``principle of heat transfer enhancement'' determines the direction of transport in a heat engine.



	Lindenberg


	 Opening remarks


	Mateos


	Walking on Ratchets with Two Brownian Motors

We analyze a model for a walker moving on a ratchet potential. This model is motivated by the properties of transport of motor proteins, like kinesin and myosin. The walker consists of two feet represented as two particles coupled nonlinearly through a bistable potential. In contrast to linear coupling, the bistable potential admits a richer dynamics where the ordering of the particles can alternate during the walking. The transitions between the two stable states on the bistable potential correspond to a walking with alternating particles. We distinguish between two main walking styles: alternating and no alternating, resembling the hand-over-hand and the inchworm walking in motor proteins, respectively. When the equilibrium distance between the two particles divided by the periodicity of the ratchet is an integer, we obtain a maximum for the current, indicating optimal transport.



	Nakagawa


	Modeling protein thermodynamics, fluctuations and slow folding process from the inherent structure landscape.

Using the G\=o model of a real protein, we explore the landscape of its metastable structures. First we show how the inherent structure energy density can be obtained from the probability density determined by sampling molecular dynamics trajectories and quenching. The analysis of the inherent structure landscape can characterize the

folding transition. Then we show how a thermodynamics of the inherent states can be established to study the equilibrium properties of proteins. It brings some elements into the understanding of the protein dynamical transition. Next, we investigate the slow folding process as a time evolution of the probability density function (PDF) for the inherent structure. We define temporal energy and temporal entropy for the PDF and describe its time evolution to equilibrium as the evolution of an effective temperature.


	Salamon


	Principles of Finite Time Thermodynamics
The talk will survey the major findings concerning the optimal operation of energy conversion processes subject to time limitations.  Optimal operation in finite time allows for different optimal operations ranging between maximum power and minimum dissipation.  At either extreme, there exist new physical principles regarding finite-time limitations to the efficacy of energy transfer.  One aim of the survey is to put these principles into the context of molecular motors and biological processes which typically operate strictly between these extremes.  The second aim of the survey is to argue that molecular motors operating at a finite rate face unavoidable dissipative mechanisms and thus cannot achieve Carnot efficiency.


	Sekimoto


	Bidirectional control: a way to look at molecular motors

Biologically-evolved molecular motors may have evolved the devices which prevent the wasting of fuel molecules & slippage of charge molecules.  We propose a concept of bidirectional control to realize these functions.  Structural data & single-molecule experiments will be looked at from this point of view.



	Van den

Broeck


	Carnot efficiency revisited.

We discuss the issue of efficiency at maximum power and show that the Curzon Ahlborn result is an exact consequence of linear irreversible thermodynamics. We apply a similar technique to show that thermal Brownian motors can in principle achieve Carnot efficiency, even when they are in permanent contact with two heat baths at the same time.




