ally, then Rosch is correct, whereas if
he intended it metaphorically, then I
may be correct.

1 would certainly concede the right of
experimentalists to have their own
philosophy of science, but would much
prefer that there be one philosophy of
science, which does justice equally to
experimentalists and theorists. If I had
not wanted to be provocative, I would
have called my article “A cooperative
philosophy of science” rather than “A
theorist’s philosophy of science,” since
cooperation between airies and earth-
ies is one of the great strengths of
science (and the lack of it one of the
great weaknesses of philosophy). In-
deed, I am at present completing a book
with this title; it has grown out of the
writing of this article.

Contrary to Wendell G. Holladay’s
reading, I made no claim that empirical
perception and theoretical perception
are independent. According to the
Leibniz-Russell theory, empirical per-
ception is the last stage of theoretical
perception. Idid not make this explicit
in the article, which is no doubt why
Holladay misunderstood me on this.
The distinction between empirical and
theoretical realities does not stem from
this, but is one discoverable in our
language. That is, the word “real” has
several meanings, and these are two of
them. Normally, common sense identi-
fies them—that is, all that we perceive
around us that is public and non-
illusory is believed to continue to exist
when unperceived. The reason that
the Leibniz—-Russell is so difficult psy-
chologically is that it shows this com-
mon-sense belief to be self-contradic-
tory, and replaces it with an alterna-
tive. This does not mean that the
single reality of science, of which he
speaks, is lost: There is only one
theoretical reality, which happens to
contain, as parts, empirical realities
inside theoretical heads.

Finally, I quite agree with him that
in most scientific description the theo-
retical and the empirical become inter-
mixed. I would have acknowledged
this if I had had more space; as it was, |
oversimplified.

A history of nuclear forces

Your Search and Discovery news story
in March (page 20) on relativistic treat-
ment of low-energy nuclear phenom-
ena is an excellent summary of a
promising direction in nuclear physics.
I sincerely appreciate your citation of
Dudley Miller's and my work [Phys.
Rev. 5, 241, (1972)] as a first attempt to
do the shell model relativistically.
Shortly after this work was completed,
the Mansfield amendment, which pro-
hibited DOD from sponsoring funda-

mental research, ended my nuclear
research funding by Arosr, Since Dud-
ley and other former research asso-
ciates were carrying the relativistic
torch so well at major nuclear centers, 1
concentrated on my other research
areas.

It might be of interest to your broad
readership to add an account of our
earlier involvement with the possibil-
ity that the complex behavior of nu-
clear interactions might be due to
relativistic effects surviving the cancel-
lation of large static terms in a scalar-
vector theory. This concept was pre-
sented at a meeting of the American
Physical Society in 1949. The abstract
[Phys. Rev. 76, 460, (1949)], in part,
states.

If two fermions are coupled five

vectorially (scalar + four-vector)

with a five-vector field then the
chief explicit interaction will be

Vo=01-28, B, —a,a,ir). The

simple Diracian form has the fol-

lowing interesting properties: (a)

The non-relativistic terms cancel;

(b) Its Pauli equivalent to the order

v*/c® contains static, spin-spin,

and tensor interactions as well as
velocity—-dependent interac-
tions . . . which appear suitable for
nucleons. Thus the strong spin
dependence of nuclear forces may
be due to relativistic forces which
become important if the large non-
relativistic forces tend to cancel.

Unfortunately, the concept was con-
trary to conventional wisdom of the
time and the manuscript giving the
details was rejected by the Physical
Review with the letter,

I regret that the Board of Editors
has not recommended the publica-
tion of your paper, "On General-
ized Meson Theories of Nuclear
Forces.” It is considered by them
to be almost entirely speculative,
and that the chance that it will
have something to do with physics
or that it will have a beneficial
influence on the progress of the
subject 15 remote.

Conventional wisdom in nuclear
physics in the 1950s and 1960s favored
hard-core phenomenological N-N in-
teractions, which caused strong two-
body correlations in N-nuclear interac-
tions. These correlations lead to effects
very similar to those of velocity- or
momentum-dependent forces (Phys.
Rev. 119, 1031, 1960), and to this day
there is confusion between the two
effects. The discovery of vector mesons
in 1960 revived the meson theoretic
approach, and several groups were able
to achieve reasonable fits to higher N-
N phase-shift data with vector mesons,
but only after introducing a scalar or
effective scalar meson field. Noting
this development, we published the
essential substance of my 1949 manu-
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script in Physical Review Letters in
1965 (Phys. Rev. Lett. 14, 380, 1965), at
which time the velocity-dependent
terms and our regularized meson fields
that enabled us to treat S waves were
still novel features among the then-
evolving one-boson exchange models.
In subsequent N-N studies [Rev. Mod.
Phys. 39,594 (1967)] we worked towards
implementing a fully relativistic treat-
ment and finally succeeded [Phys. Rev.
D 3, 2076 (1971)], but found results in
the 0-300-MeV region very similar to
those obtained with a Schrodinger—
Pauli treatment. However, in Dudley’s
PhD thesis on the N-nuclear problem
using the Dirac equation, with the
same scalar-vector meson fields, we
could fit many observed nuclear prop-
erties with a minimal adjustment of
parameters.

It might be noted that the cancella-
tion of the major terms in a scalar-
vector model of N-N or N-nuclear
interactions suggests that at low ener-
gies the nuclear force should be charac-
terized as a “moderate” force rather
than a strong force, The strong force is
manifested in the relativistic terms in
scalar-vector theory as v*/c® —1 and
also in N-N studies, where the scalar
and vector static terms add rather than
cancel.

I hope these comments and this
background add to your informative
news item.

ALEX GREEN
University of Florida

4/84 (Gainesville, Florida

The news story "Relativistic treatment
of low-energy nuclear phenomena,”
which appeared in March (page 20),
contains a misstatement concerning
the relationship between spin and rela-
tivity. We see there the assertion that
“Spin is, after all, an intrinsically
relativistic phenomenon.” That this is
not the case was clearly demonstrated'
by Lévy-Leblond in 1967.

In his paper, Levy-Leblond treats the
Schrodinger equation the way Dirac
treated the Klein-Gordon egquation,
seeking an equivalent differential
equation that is first-order in the de-
rivatives. As in the relativistic case, a
four-component wavefunction emerges
and transforms under rotations accord-
ing to the direct sum of two spin-',
representations of the rotation group.
{In the nonrelativistic case, the nega-
tive energy solutions are absent: Two
of the four components are no longer
independent.) Furthermore, Levy-Leb-
lond shows that when electromagnetic
interactions are introduced, the Lande
g-factor is equal to 2, just as in the
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relativistic case. Thus spin-'s particles
emerge just as naturally in Galilei-
invariant quantum mechanics as they
do in the Poincaré-invariant case. Spin
is not ‘“"an Intrinsically relativistic
phenomenon.”

I hope that these results will become
better known throughout the physics
community, not only because of their
fundamental interest but also because
of the insights that they might yield in
understanding phenomena that lie in
the grey areas between the so-called
“nonrelativistic” and “‘relativistic” do-
mains.
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Long-time lails

In your interesting issue on Nonequi-
librium Fluids (January) B. J. Alder
and W. E. Alley and E. G. D. Cohen
stated (or, at least, implied strongly) in
their respective articles that the so-
called “long-time tail” in the velocity
autocorrelation function of an atom or
a molecule in a liquid has not been
observed experimentally. While this
appears to be the case for atoms or
molecules, the purpose of this letter is
to point out that fairly unambiguous
experimental evidence has been ob-
tained recently for a long-time tail in
the velocity autocorrelation function of
spherical microscopic colloidal parti-
cles (diameter of order 1 micron) ex-
ecuting spontaneous Brownian motion
in a liquid. These experiments were
performed by dynamic light scattering,
which measures the mean-square dis-
placement of such a particle (in a
suspension dilute enough that interac-
tions between the particles can be
neglected). Here the ¢ %% long-time
tail in the velocity autocorrelation
function manifests itself as a (' term
in the mean-square displacement.
The first such experiment was per-
formed in 1976 by J. P. Boon and
colleagues' who found indications of
this ¢'* term; however, their experi-
mental error was not much smaller
than the effect itself. Subsequently G.
L. Paul and I studied® larger spheres
{where the relative effect is large) and
found clear evidence of the t'* term.
Here, however, the amplitude of the
term was about 74 + 5% of that pre-
dicted by the hydrodynamic theory
outlined in the article of Alder and
Alley. We emphasized that this dis-
crepancy could well be caused by unde-
termined systematic errors in the ex-
periments. Nevertheless, at about the
same time, L. E. Reichl® suggested that

consideration of rotational degrees of
freedom in a suspending liquid com-
posed of non-spherical molecules could
modify the simple hydrodynamic the-
ory. Most recently, however, K. Oh-
bayashi, T. Kohno and H. Utiyama
have performed another dynamic light-
scattering experiment® which again
observed the ¢'2 term in the mean-
square displacement having an ampli-
tude that agreed with the simple theory
within estimated experimental error
(about 10%).

Thus, although the discrepancies
mentioned above need to be resolved, [
think one can claim that long-time tails
have been observed experimentally, Of
course a particle suspension is not a
simple liquid, and unambiguous obser-
vation of a long-time tail in the latter
remains an outstanding challenge to
experimentalists. Nevertheless, the
colloid experiments provide strong sup-
port for Alder and Alley’s hydrodynam-
ic picture of the long-time tail in a
system where, because of the large
difference in size between the particles
and the liquid molecules, macroscopic
hydrodynamies would be expected to
apply.

P. N. Pusey

Roval Signals and Radar Establishment
4/84 Malvern, England

References

1. J. P. Boon and A. Bouiller, Phys. Lett
55A, 391 (1976); A. Bouiller, J. P. Boon
and P. Deguent, J. Physique 39, 159
(1978).

2. G. L. Paul and P. N. Pusey, J. Phys. A:
Math, Gen, 14, 3301 (1981).

3. L.E. Reichl, Phys. Rev. Lett. 49, 85 (1982),

4. K. Ohbayashi, T. Kohno and H. Utiyama,
Phys. Rev. A 27, 2632 (1983),

Interferometry: a hone to pick

Contemporary physicists are often so
taken with their own accomplishments
that the work of earlier researchers is
sometimes ignored, Such is the case of
a claim made in The article by James
Underwood and David Attwood, “The
renaissance of x-ray optics” (April,
page 44). While the field of x-ray optics
was generally well covered, the auth-
ors' discussion of x-ray interferometry
was misleading. They claimed that
Bonse and Hart “invented x-ray inter-
ferometry.” This could not be farther
from the truth and probably derives
from similar claims made in articles by
Bonse, and by Bonse and Hart, them-
selves,'® Bonse and Hart did revolu-
tionize x-ray interferometry with their
invention of the monolithic Laue case
device. However, the observation of x-
ray interference patterns and the ap-
plication of x-ray interferometry began
more than fifty years ago.
Experiments to observe interference



