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Numerical Calculation of Bose-Einstein Condensations in Finite Systems
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Abstract

Statistics and phase transition in finite-sized system is an interested field as the traditional Boltzmann-Gibbs (BG)
statistics does not take the size into consideration but take the thermodynamic limit. There are many novel phenomenon
occurring only when the system is small where the fluctuation is large and the system is quantum like. We investigate the
famous Bose-Einstein condensation (BEC) ina finite-sized harmonic potential using the method we developed, which
goesbeyond Boltzmann statistics. We proposed several approximationsin the calculation of the partition function due
to the exact calculation involve recursion calculation which is formidable. We find that the behavior of specific heat
and other thermodynamic quantities deviates from that of thermodynamic limit and well agrees with the experimental
data. We further examine the dependence of thermodynamic quantities on the dimensions, the dimensional crossover is
important in condensed matter theory.
Keywords: generalized Boltzmann-Gibbs statistics in finite system; recurrence relation on partition functions;combined

approximation method; Bose-Einstein condensation; dimensional crossover.
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