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GLOBAL THERMODYNAMIC VARIABLES 
FOR TRAPPED QUANTUM SYSTEM



THERMODYNAMICS FOR COLD TRAPPED ATOMS 

LOCAL DENSITY APPROXIMATION  - LDA









turbulent regime in superfluids

1955: Feynman proposed that “superfluid turbulence” consists of 
a   tangle of quantized vortices.



THERMODYNAMICS WITH GLOBAL VARIABLES 
FOR COLD TRAPPED ATOMS 

Can we describe the trapped system with global 
variables ,  in steady of local variables?

Volume – Extensive variable
Pressure  - Intensive variable

Ω(µ,Τ,ω) = Extensive x Intensive

For extensive: √à λ√ à à N à λN
E à λE
S à λS



3/194.0 NTk ho
CB ⋅⋅= ω!

:

Critical temperature:

Thermodynamic limit: ∞→N constT hoc =

Volume parameter:







Pressure conjugated to volume….



T > Tc T < Tc T << Tc





Phys. Rev. A, v. 85, 023632, 2012.

Isodensity curves:



The transition line P vs T – Phase Diagram
It occurs from the discontinuity of the derivative of Pc vs Tc
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In He:

Ø λ transitionHe-I => He-II

Heat Capacity



R.F. Shiozaki et al., Phys. Rev. A. (2014)

With the macroscopic parameters:

(pure thermal)

(pure BEC)



S. Grossmann and M. Holthaus, Phys. Lett. A, v. 208, p. 188, 1995

Ø Effect of interactions.

Phys. Rev. A 90, 043640 (2014)



Normalized C
V
:

S. Giorgini et al., J. Low Temp. Phys.,
v. 109, 309, 1997.





Results



., Phys. Rev. A, v. 85, 023632, 2012.



Limit of Nà 0 and Tà 0



HEISEMBERG   LIMITTED STATE EQUATION 

SOLID LINE à



Bohr´s remarkers in his 1930 Faraday Lecture 
concerning complementarity between pairs of 
thermodynamics variables: P and V. One infers 
a kind of thermodynamics uncertainty 
principle.

C. Moller – Matematisk –Fysiske Meddelelser 87, 4 
(1969)
“ ….pressure is complementary to volume, in much the 
same way that momentum and position…. It is true that 
for systems of ponderable size where N is very large, 
the complemmentary character of the mentioned 
quantities is usually not apparent, but in 
principle……..”  







NEAR  CRITICAL TEMPERATURE









PROBLEM WITH LDA - TECHNICAL RESOLUTION





Compressibility on the turbulent regime





Sound Velocity using global 
variables.



Using total number of atoms 
Reduced scale



Using total number of atoms 
Full scale



Using relative number of atoms
Reduced scale



Using relative number of atoms 
Full scale







Thermodynamics for an 
expanding cloud




