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Thermodynamic behavior of the charged Bose gas around T = 0
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We have used a low-temperature excitation spectrum to calculate the thermodynamic behavior of a charged

Bose gas for T & 0. These results are compared with the thermodynamic behavior obtained using Foldy's T = 0
excitation spectrum.

In 1970 Fetter' used the Landau' quasiparticle
model together with Foldy's' zero-temperature
(T =0) excitation spectrum to calculate the thermo-
dynamic functions of a dense charged Bose gas for
Ta 0.

In a previous paper the authors' have used a
dielectric-constant formalism in the random-phase
approximation to calculate the quasiparticle ener-
gy spectrum of a dense charged Bose gas for
T~ 0. We have used this generalized low-tempera-
ture spectrum to calculate the thermodynamic
functions of the dense charged Bose gas around
T=0. These results can then be compared with

Fetter's to determine whether or not the pres-
ence of temperature corrections in the energy
spectrum changes the basic character of the
thermodynamic functions for T ~0 obtained using
Foldy's T =0 excitation spectrum.

We have done this and it is found that the tem-
perature corrections to the energy spectrum af-
fected the thermodynamic functions only to the
extent that they changed the coefficients of the
third- and higher-order terms in the expansions
for the thermodynamic functions. To illustrate
this we here exhibit the results for the Helmholtz
free energy. We find
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whereas Fetter finds
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where T, is the transition temperature of an ideal
Bose gas, w~ is the plasma frequency of the
charged Bose gas, I'(x) is the F function, and g(x)
is the Hiemann ( function.

Thus the temperature corrections to the spec-
trum have a fairly minor effect on the thermo-
dynamic functions. However, this may not have
been anticipated as inspection of our expression'
for m(q, T) (where hu& is the energy and q is the
wave number of the quasiparticle) shows that our
first-order term in a small-q expansion is a q'
term, whereas Foldy' has a q' leading term. How-

ever, the temperature-dependent coefficient of our
q' term is such that this term does not play as
great a part in shaping the thermodynamic func-
tions near T ~0 as does the q term of Foldy.

Thus the Foldy ground-state (T= 0) excitation
spectrum gives the correct leading-order terms
in the low-temperature (T ~0) thermodynamic be-
havior of the charged Bose gas. Low-temperature
corrections to the spectrum produce third- and
higher-order corrections to the thermodynamic
functions at low temperatures.
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