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Background 

Classical thermodynamics teaches us that a system in equilibrium can be described by a few 
quantities, such as energy, volume, entropy and temperature. However, many physical 
systems do not fit this simple picture. In a gas placed in an external field, in a liquid heated 
from below, or in a material subjected to shear, temperature, kinetic energy and heat fluxes 
may depend on position. This raises the question: can such a system still be described by 
thermodynamics, but formulated in a global way? 
The aim of the project is to investigate the foundations of such a theory. The first direction 
concerns isolated equilibrium systems in an external field, in which the local kinetic 
temperature may be non-uniform despite a microcanonical description. The second direction 
concerns nonequilibrium steady states: systems with heat flow, convection or shear, where 
the key question is not only which state is established, but how much global heat and work the 
system exchanges during a transition to a new state. 
In both cases, the central idea is the same: to begin not with an assumed entropy, but with 
measurable energy balances. The project will test whether new state variables, Maxwell-type 
relations, thermodynamic potentials and extremum principles can be derived from global 
quantities - heat, work and energy. The broader goal is to lay the foundations for a new field: 
global thermodynamics of systems in which temperature need not be uniform. 
 
Goal 

The aim of the project is to lay the foundations for a new field: global thermodynamics of 
systems with non-uniform temperature. The project will test whether isolated equilibrium 
systems in external fields and nonequilibrium steady states with heat flow, convection or shear 
can be described within a common language of global heat, work and energy balances, leading 
to new state variables, thermodynamic potentials and extremum principles. 
 
Requirements for applicants 

M.Sc. degree or equivalent in physics, chemical physics, applied mathematics, computational 
science or a related field. The candidate be able to work with numerical simulations, data 
analysis and statistical physics. Experience with molecular dynamics, high-performance 
computing or Python/C/C++ will be an advantage.


