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Comment on “Energy of a Plasma
in the Classical Limit”

In a recent Letter [1], Opher and Opher (O2) find
through approximate (model) calculations of energy in
fluctuations with finite frequencies (v) in a plasma that
“the energy density of the fluctuations is appreciably
larger than previously thought” and derive a certain cos-
mological implication therefrom. In this Comment, I point
out through a rigorous formulation that their principal
claims are ill-founded and plagued by logical lapses; their
alluded cosmological consequence is groundless.

Equations (1) and (2) in [1] may be expressed in a gen-
eralized form [2] as
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where b denotes the inverse temperature in energy
units and xa�k, v� refer to generalized susceptibilities
[a equals (1) longitudinal, (2) transverse E, and (3)
transverse B] under the retarded boundary conditions [3].
Integration of (1) over the frequencies can be carried out
precisely by a contour-integration technique [2] as

Z `

2`
dv Ea�k, v� � Ea�k� � 2

1
b

X̀
n�2`

xc
a�k, zn�

�n � 0, 61, 62, . . .� , (2)

where zn � �2pi�h̄b�n and xc
a �k, v� refer to the gen-

eralized susceptibilities under the causal boundary condi-
tions [2]. In the classical limit, i.e., h̄ ! 0, only the n � 0
contributions remain in Eq. (2). In the quantum (ground
state) limit, i.e., b ! `, the summation (2) turns into a
frequency integration along the entire imaginary-frequency
axis.

The quantity E1�k� is closely related to the exchange-
correlation energy [2]; O2 interpreted it erroneously as a
fluctuation energy. Causality requirements [4] prove that
1�´L�k, 0� , 1, so that E1�k� , 0 in the classical limit.
The inequality, E1�k� , 0, is true not only in the classi-
cal limit �h̄vb ø 1� but also generally in the entire tem-
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perature regime, including the ground state, where all of
the imaginary frequencies zn contribute to the evaluation
(2); negative exchange-correlation energies are a charac-
ter universal for Coulombic systems [4]. It is straight-
forward to see in (2) that the electromagnetic (transverse)
contributions, E2�k� 1 E3�k�, remain positive definite,
irrespective of the system being in a classical or in a quan-
tum state; these are related to the electromagnetic fluctu-
ation energies that may legitimately enter a cosmological
argument.

In their paper, O2 noted the inequality E1�k� , 0 in
the specific calculations based on a classic Debye-Hückel
approximation and modifications therefrom. Identifying
them fallaciously as fluctuation energies, they equated
those model calculations to what were “previously
thought” and concluded that “the energy density of the
fluctuations is appreciably larger than previously thought”
based simply on the observation, E2�k� 1 E3�k� . 0 .

E1�k�. Smallness in magnitude (and negatives) of E1�k�
as compared with the Planckian contributions, E2�k� 1

E3�k�, in fact, have been well recognized and documented
[2]; these features have been correctly taken into consid-
eration in the existing cosmological applications.
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