Scientific report on the short visit grant 4067

about the short visit of Prof. Dr. Lutz Schi mansky-Geier fromthe
Institute of Physics, Hunbol dt-University at Berlin, Newtonstr. 15
12489 Berlin (FR Germany), in Hasselt (Belgium to visit Prof.

Dr. Christian van den Broeck fromthe Universiteit Hasselt,
Gebouw D, Agoral aan, 3590 Di epenbeek, Linburg (Bel gium.

Topi c:
Rectifying Brownian fluctuations in a magnetic field.
Techni cal outlines:

The visit took place in March/April 2011. Schi mansky-Geier visited
Hasselt from March 29th till April 2nd, 2011.

At March 30th and at April 1st Prof.. Schi mansky-Ceier and Prof.
C. Van den Broeck net at University of Hasselt and di scussed the
various aspect of the scientific topic of the grant.

During the visit at March 31st Prof. Schi mansky-Ceier gave a

sem nar at the Service de Physi que Non-Linaire and Mecani que
Statistique at the Universite Libre in Bruxelles about

a€ZFl uctuations in Mdels of Self-Propelled Particles€oe During
the visit Prof. Schi mansky-Geier had extensive scientific

di scussions with Prof. G N colis about stochastics of nucleation-
processes, with Prof. Gaspard and with Dr. M Esposito about
fluctuation theorems and with Prof. D. Kosov about transport in
guant um systens and about non-Hermtian operators in quantum

t heori es.

Scientific results of the visit of Schi mansky-Geier:

During the visit we had interesting discussion of Brownian notion
in external magnetic fields and how work can be extracted fromthe
heat in such systens.

Prof. Schi mansky-Gei er reported about the perforned extended
simul ati ons of charged Browni an particles in magnetic fields. Due
to their permanent nolecular agitation and the action of the
magnetic field the Brownian particles in the magnetic field nove
al ong curved trajectories (Larnor cycles). The particles are
reflected on a concave surface. Due to the thernmally agitated
Larnor-notion their exist an optiml tenperature where nore
particles are reflected in one direction than on the other one.
Therefore, a directed particle current maximzes for a given
tenperature. This particle current can be further optimzed if
colored noise is applied to the Brownian particle (nonequilibrium
noi se or/and euqil brium noi se connected with dissipative forces by



a fluctuation dissipation relation).

Prof. van den Broeck proposed to extend the physica

i nvestigations also to the inclusion of a cold heat bath which
generates the magnetic field which creates the Larnor-cycles. The
interaction of the two bath systens via the nagnetic field m ght
be a possible origin of a thernmalization of both heat bathes and
the magnetic field transports heat fromone bath to the other.
Such a interpretation that the considered situation include in
fact two heat bathes would not be stand in contrast to the second
| aw of thernodynam cs, The created work in the outgoing nodel
woul d be the result of two heat bathes with different tenperatures
which is a common situation in thernodynam cs. Such investigations
require inclusion of relativistic theory into the nodel which
needs at the nmonment further clarification.

In addition to a consideration of the thernodynam c enbeddi ng of
the problem we al so di scussed other inportant problens as boundary
conditions and a possible reduction of the problemto a one-

di mensi onal periodic flux of particles. Also the inclusion of
asymmetric obstacles which are driven by the circul ati ng Browni an
particles mght be another possible realization of the rectifier.
The inportant aspect of a possible cooling of the heat bath by
extracting work was another interesting point of the discussion.
But investigations in this direction would require the perfornance
of nol ecul ar dynam cs of Brownian notion in the considered
situati on.

Fut ure work and cooperati on:

The visit in Hasselt was full scientific success fromthe view
point that the different physical aspects of the interesting
situation have been di scussed. The discussion will be continued
during the following visit of Prof. Van den Broeck in Berlin in
Cct ober 2011. A possible docunented result in formof a submtted
or printed manuscript is at the present stage of the

i nvestigations not seen and will require a |onger period of
scientific exchange. Presently the conplex problemstill need the
physi cal foundati on but some cornerstones of a possible

expl anation have been fornulated during the visit.



