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The inclusion of screening effects, as argued by Jones, effectively brings in terms of
higher order than c . The Darwin Hamiltonian, like the Darwin Lagrangian, usually is
written in perturbative expansion, to order c . The physical effects of the Cerenkov ra-
diation {order c ) and the Bohr polarization effect result from a weak-damping analysis
with the Darwin Hamiltonian; contact has been made also in previous agreement with

quantum field-theoretic calculations for degenerate systems, with the same Hamiltonian.
The significance of adding screening should be examined within an approximation which

includes c terms and higher —so neither the Darwin Hamiltonian nor the Darwin

Lagrangian is sufficient to analyze these situations. The medium modifications of Jones
involve macroscopic considerations and higher orders and so the criticism of the micro-

scopic Darwin Hamiltonian is misplaced.

The use of the Darwin Lagrangian in some treat-
ments' raises questions because the methods
essentially go beyond the c order (the Darwin
Lagrangian is relativistically correct to this order)
in formulating an effective, coarse-grained particle
Hamiltonian; this Hamiltonian is subsequently
used in statistical-mechanical calculations for a
plasma. However, since the Darwin Lagrangian it-
self is only correct to order c, any results ob-

tained with it must be compared with those ob-
taintxl with the Darwin Hamiltonian (similarly
correct to the same order).

In addition, the introduction of elements which
are macroscopic at an early stage is questionable,
particularly when a comparison with a microscopic
treatment via the Darwin Hamiltonian is made.
To clarify further, the a priori assumption by Jones
and Pytte of the dispersion relation co =coo +I c,
where too 4trne /——m and n is the density, intro-
duces macroscopic elements into the basic Hamil-

tonian.
Effectively, terms of order c and higher are

introduced into the theory. In arguing that new

terms of all orders in the parameter I/(kA, , )

=coo/kc are retained, Jones is restating the point
that all orders of c ' are indeed involved. The
justification of glancing collisions is not sufficient
as an argument, since it is precisely these small-

angle collisions that are treated by the long-range
Lenard-Balescu c generalization as treated else-

where. '

The Darwin Hamiltonian has been used to

deduce physical results in a number of contexts:
application in calculating relativistic corrections in
atomic physics have been made, and it has also
been used for nuclear two-body calculations. In
charged systems such as plasmas the use of the
Darwin Hamiltonian for calculation of quantum-
electrodynamic effects (without renormalization)
for a degenerate system leads to agreement with

quantum field-theoretic calculations carried out to
the same order. This is in contrast to the pro-
cedure of Jones and Pytte'; they argue that one
must alter the quantum-electrodynamic c limit-

ing form of Itoh, before using the Hamiltonian in
subsequent statistical calculations.

That a physical effect of order c 2 in a plasma,
namely the Cerenkov effect, vanishes in the Jones-
Pytte' and Trubnikov-Kosachev treatments should
not be viewed as a strength. In the paper under
discussion, the Cerenkov effect does emerge in the
weak-damping situation, as does the Bohr polariza-
tion term. Indeed, agreement between Jones's re-
sult and Trubnikov's indicates that a problem of
consistency exists in extension of terms beyond c
in arriving at a fundamental Hamiltonian; in a re-
cent paper Lapiedra and Santos' conclude that the
Trubnikov results to higher order than c are
meaningless.

Note that the effect of introducing higher-order
effects (than c ) is evident in HD in Jones's Eq.
(2) if [k +(too/c) ] ' is expanded. Even if one
were to accept the description of the derivation of
(2) as "microscopic, " the problem of including
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terms beyond c would remain. Also, the claim

by Jones and Pytte" that "to treat plasmas of
higher temperature, or include terms of higher or-
der than Time . . . we must include the radiation
degrees of freedom in the Hamiltonian for the sys-
tem" is incompatible with the introduction of
higher orders as above. Note that radiation effects

V'

other than Cerenkov are at least of order c
The comment on the pathology of the index re-

lation is the result of Jones's applying an inadmis-
sible limiting procedure to a weak-damping result

(coo~0, co fixed). As stated in Ref. 5, the
Cerenkov condition co & ~o must be satisfied.

Finally, there is the question of whether radia-
tion can arise from a time-symmetric microscopic
form, using statistical mechanics. Although
Wheeler and Feynman' demonstrated that classi-
cal electrodynamics, including radiation, can be de-
rived from a time-symmetric theory, a statistical-
mechanical connection has never been explicitly
demonstrated; it is indicated in a limited sense (or-

der c ) that this may be possible. The usual
derivations of the Cerenkov effect employ retarda-
tion from the outset. ' In fact, in a test-particle
treatment of a plasma, using retardation,
Shafranov' obtained the Cerenkov effect.

The Wheeler-Feynman treatment considers a
universe which absorbs radiation. One may also
use an interaction-constraint condition to derive
quantum-electrodynamic results, in the spirit of the
Wheeler-Feynman treatment. ' From this perspec-
tive, Jones's suggestion for limitation of box size to
dimensions of the order of I,„for one to apply the
Darwin Hamiltonian, is too restrictive. In addi-
tion, it is necessary to investigate such questions in
connection with the thermodynamic limit for
charged relativistic systems. In practice one is
forced to conclude that with systems such as ter-
restrial plasmas, there will be some radiation, al-
though the extent to which this affects questions
such as stability is an open question.
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