QUANTUM THERMODYNAMICS WITH BOHMIAN MECHANICS
R. Sampaio, S. Suomela and T. Ala-Nissila
COMP Center of Excellence, Department of Applied Physics, Aalto University, P.O. Box
11000, FI-00076 Aalto, Finland

A persistent problem in formulating a consistent theory of thermodynamics in quantum
mechanics (QM) is the unambiguous assignment of work and heat to an arbitrary process [1, 2]. In the orthodox formulation of quantum mechanics, there is no concept of
single-valued energy (or any other quantity) until it’s measured (observed). This division
between system and observer has lead to a vast number of paradoxes for which QM seems
to offer no clear answer [3]. A mathematical equivalent but conceptually different formulation of QM is Bohmian Mechanics (BM)[4, 5, 6]. The arbitrary division between system
and observer does not exist in BM and one can unambiguously write down the familiar
quantities of energy, work, heat, pressure, etc using the well established frameworks of
statistical mechanics and stochastic thermodynamics [7, 8, 9, 10]. In this talk I’ll discuss
a simple example to illustrate the difficulties that arise in orthodox QM and how they can
be resolved with BM. I’ll present a quick introduction to BM and how the first and second law of thermodynamic can be formulated at the level of individual trajectories, in the
same manner they are introduced in classical statistical mechanics.
[1] Peter Talkner, Eric Lutz, and Peter Hänggi. Fluctuation theorems: Work is not an
observable. Physical Review E, 75(5):050102, 2007.
[2] A Engel and R Nolte. Jarzynski equation for a simple quantum system: Comparing
two definitions of work. EPL (Europhysics Letters), 79(1):10003, 2007.
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