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Abstract

The role of microscopic cross carvrelation functions in
the rotatirg frame formalism is discussed in the context of

remarks by Eu.

Some comments are offered an the reply by Eu {1 to an

earlier paper by Evans ard Heyes (2} on the role cf novel crass

correlation functions as indicators of the ron-Newtonian response

of an enzsemble of atams ta shear stress.

Commenrts

(1) The aoriginal paper (2} carefully distirguished the caoncept of
fluid particle and atom. The former is a mathematical artifice
arnd the latter a physical entity. The difference LSetween these
two concepts 1s hardly a subtle one, and was explained in the
arigiral article {(27.

(2) The time cross correlation in guestion, that hetween the
laboratory X and £ companents of the linear velocity of a

diffusing atom, has the new property {(3-46) of being asymmetric
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The time dependence (1) vanishes in the sbsence of shear stress,
and is sensitive to the non-Newtonitan relation between shear
stress and shear strain rate (2-19) in a computer s:mulation of
an atemic ersemble. It iz NOT a vortex, amd contrary to the
urnderstarding of Prof. Eu, was not descriced as such in ref. 122,
The antizymmetric part (2) has the D SYMMETRY of a vortex, albeit
with cogposite (+) motion reversal symmetiy (T). This D symmetry
sn the point group R‘kfa) of thke atomic ensemble is Dg? , which
is the same as that of a vortex, amd the same as that of angular
velccity or momentum. The parity inversion symmetry (P) of all
theze guantities is positive, indicated by the subscript g,
meanirg “gerade", or "even".

(3) Tha criginal reference {22 poirted out that hydrodynamics
gererally does not use atoms, or molecular structure, and Eu's
co-rstating frame theory appears mot to be able to account for

he exizterce of the correlation function (VXL*)V\Z (°)> .

Prof. Eu has not attempted to argue with this, but has built a

ot

straw man ta conveniently scare ravens and readers alike, i.e.
his spurious comments cn vaortices. If his equations can be
ied to describe <kat)\lrb (°>> , then some progress

will have been made, but probably at tre expense of many
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chencmerological parameters.

(4) The cross correlation function <\1X(k)\1.z (,°)> is one ocut
of mary recently discovered by simulation (2-10), which has also
produced asymmetric cross correlation functions of stress tensor
corponents, together with rise anmd fall transients and a new
light scattering epectroscopy, showing clearly that Evans and
Heyes sre perfectly aware of how guantities are customarily
defined, and that the stress tensor is not a vortex. Eu in his
renly refers to rone of this work, which has been available (2-92
far zeveral months.

(9) Hydrecdynamics 1s a major subject area, but its corstitutive
equations for molecular liquids are inrsaluble without majorv
computational input. Prof. Eu has shown, perhaps without
intending to do so, that it is still apcarently incapable of

lescriting fundamental atomic dynamical properties. In corollary
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hovever, molecuylar dynamics is increasingly capable 711,12} of
describing many of the phernomena of hydrodynamics, using only
Mewton'zs eguations of motion.,

7)Y Th2 sriginal pager {2} was intended to "help to rezaolve" the
remsining gaps 1in knowledge between the twe subject areas, and to
2ar up what, for the ror ultra specialist, appears to be an
entirely confusing controversy involving Prof. Eu and other
diztinguished colleajues in clacsical hygdrodynamics. It was a
paper claiming anly to suggest that (VX(E)VZ(P)) might
e sn interesting subject of inmvestigation for hydrodynamics,
whatever frame cf reference, whatever spprocach. Thus far,

ydrodynamics has failed to meet the rew challenges posed in a
ries of recent papers (2-10} by Evans and Heyes. To chemists,
this is unsurprising, because hydrodynamics has always had
difficulty in dealing wit licuids at the fundamental latemic or
lar) level. In contrast, molecular dynrnamics works directly
frcm this level, using the Newton and Euler equatiaons. Ref. {23}
did nct claim that molecular dyanmics was the answer to
everything, and in this respect hydrodyramics and the Boltzmann
egquation have obvious everyday utility.
€) The wsy forward is quite clear, and I would be mare than happy
to see equaticrse develoged by Prof. Eu or others to describe the
furndamantally new cross correlation functicns (2~10}, using as
few unknown parameters as the original molecular dynamics methods
{2-103. The latter rely only on the Lenrard Jones patential, for
a sample of atoms of the order of a 1000, over segments of about
Ralf a3 million time steps. 1 suspect that such a task is still
beyond the reach of contemporary classical hydrodynamics, but I
would be delighted to be persuaded otherwise by data from
analytical equations used to describe those already available
frocm computer simulation {2-8). Such work might also shocw more
clearly the role, if arny, of "objectivity", and distinguish
between the confusing counter-claims which the original peper {27%

attempted to address.
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