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Abstract

Based on the fact that most of low temperature experiments of quantum systems are explored in an external field on
condition that the particle numbers, volumes and energies of systems may be changed, the thermodynamic properties of
weakly interacting Fermi systems in weak magnetic field are studied by using the statistical distribution of the completely
open system with variable particle number, volume, and energy (N-E-V distribution). Firstly, the analytical expressions
of internal energy and heat capacity, which are in the Fermi integral form, are obtained in the general case, and the
analytical expressions and numerical results of energy and heat capacity are given under the extreme condition of supper-
low temperature. The calculation results by the N-E-V distribution (with particle number density being variable) are
compared with those by a pseudopotential method (with particle number density being unchanged). It can be found that
the deviations of the internal energy and heat capacity calculated by the two different methods are very small, and the
N-E-V distribution method can partially compensate for the error caused by the pseudo potential method. The most
interesting point of the results obtained by the N-E-V distribution method is that there is a phase transition temperature
in the weakly interacting Fermi system in weak magnetic field under the low temperature condition. The phase transition
temperature is just in the range where occur the Fermi systems, Bose-Einstein condensation (BEC), Bardeen-Cooper-
Schrieffer (BCS) phase transition, and BEC-BCS crossover, and does not vary with strength nor characteristic (attraction
or repulsion) of the weak interaction, but it decreases with the strengthening of the external magnetic. When there is

no external magnetic, the phase transition temperature is highest (more than 0.184 times Fermi temperature).

Keywords: the N-E-V distribution, Fermi gas, thermodynamic property, phase transition
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