Beyond the classical

view of atoms

he article “Insights from the classi-
Tcal atom,” by Petar Gruji¢ and

Nenad Simonovi¢ (PHYSICS TODAY,
May 2012, page 41), was interesting but
incomplete. It left out stochastic electro-
dynamics (SED), an approach to classi-
cal mechanics that includes the effects
of a proposed zero-point radiation
background.

The zero-point radiation is a Lorentz-
invariant random distribution of energy
into different modes of electromagnetic
radiation. Quantum electrodynamics
(QED) uses the hypothesis that the
amplitudes of the Lorentz-invariant
radiation are quantized, whereas SED
uses the hypothesis that they are
continuous.

The motions of electric charges in
SED are modeled using the equations of
motion for a particle, often associated
with a concrete visualization. SED is
considered part of classical physics be-
cause of the continuous distribution of
amplitudes. However, discrete values
for energy and momentum emerge
from SED without the ad hoc quantiza-
tion conditions of QED.

Stochastic electrodynamics has been
investigated as a classical physics ex-
planation for quantum phenomena. For
instance, the blackbody radiation spec-
trum has been derived without quan-
tum assumptions.! Lorentz-invariant
radiation provides perturbations that
mimic quantum phenomena such as the
Casimir force, the van der Waals force,
the Lamb shift, and the radius of the
Bohr atom.?

Physical chemistry provides many
mathematical expressions that are
often thought to be fundamentally
quantum in nature. However, some of
those expressions have been shown to
emerge from both QED and SED. For
example, the Schrodinger equation
has been derived from SED,® and the
wavefunction in the SED Schrodinger
equation is shown to have the a priori
significance of position probability am-
plitude. A physical model based on
SED has been developed to increase
our understanding of both the diffrac-
tion of particle beams and the Pauli ex-
clusion principle.*

Quantum mechanics is often cited to
justify chemical bonding on an elemen-
tary level. However, the visualizations
used for chemical bonding are often
based on mathematical expressions that
can be derived from either QED or SED.

May 2013 Physics Today 9

Data Analysis and Graphing Software.
Powerful. Flexible. Easy to Use.

/-

Temperature (*F)

Torants  Sydney  London  New York !u.'una

New features include:
High-performance 3D Graphing
using OpenGL
3D Parametric Function Plots
Movie Creation
Data Filter
Floating Graphs in Worksheets
Global Vertical Cursor
Implicit Function Fitting
IIR Filter Design

For a complete product tour,
visit www.0riginLab.com/Physics

OriginLab Corporation
One Roundhouse Plaza
Northampton, MA 01060 USA

USA: (800) 969-7720
FAX: (413) 585-0126
EMAIL: sales@originlab.com




readers’ forum

Regardless of which turns out to be
more accurate in physics experiments
or more complete in mathematical
description, the two theories overlap
with regard to physical chemistry.
Therefore, I propose that introductory
chemistry taught in secondary schools
can be rationalized as easily by refer-
ences to SED as to QED.

Either theory produces identical pre-
dictions for many experiments involv-
ing second-order correlations, squeez-
ing (quadrature noise reduction), and
the original Einstein-Podolsky-Rosen
proposal.® However, SED is not com-
pletely equivalent to QED on a mathe-
matical or physical level. The SED
Schrodinger equation is incomplete, be-
cause there is a companion equation
that has no counterpart in ordinary
quantum mechanics and restricts initial
conditions.® Furthermore, the predic-
tions of QED and SED are different with
regard to high-order correlations in
nonlinear optics.

I agree fully with Gruji¢ and
Simonovi¢ that the classical atom is
alive and well. Models of the atom
based on SED are sufficiently accurate
for many technological and most peda-
gogical applications. Even if the classi-
cal atom isn’t the most fundamental
description of the physical world, it is
still an important one.

References
1. T. H. Boyer, Phys. Rev. 182, 1374 (1969).
2. M. Ibison, B. Haisch, Phys. Rev. A 54, 2737
(1996).
3. G. H. Goedecke, Found. Phys. 13, 1101
(1983); 13, 1195 (1983).
4. A.F. Kracklauer, Found. Phys. Lett. 12, 441
(1999).
5. S. Chaturvedi, P. D. Drummond, Phys.
Rev. A 55,912 (1997).
David L. Rosen
(drosen0000@yahoo.com)
Rockville, Maryland

B In their article, Petar Gruji¢ and
Nenad Simonovi¢ emphasize the value
of the classical description of atoms in
yielding simplicity, conceptual clarity,
and analytical treatments of complex
problems involving various atomic in-
teractions. Quantum mechanics can
often yield more accurate results, but at
the expense of clarity, simplicity, and
sophistication. A similar situation exists
with our classical treatment'? of the
work function of metals and the origi-
nal quantum mechanical treatment by
Eugene Wigner and John Bardeen.?
Consider the correspondence be-
tween the ionization potential of free,
gaseous atoms and the work function of
solid metals. Both are really ionization
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energies, only applied to different enti-
ties (atoms and solids) and artificially
given different names. But both can be
defined generically as the energy re-
quired to remove from the entity the
most loosely bound electron(s) to infin-
ity at rest, as Niels Bohr rigorously did
for atoms.

The conceptual clarity offered by clas-
sical methods can yield comparatively
easy extensions to more complex situa-
tions. For example, a generic dependence
of the ionization energy on a solid’s size
(particularly in the case of small parti-
cles) has been established and subse-
quently confirmed by experiments.*”

Thus, consistent with the concepts
put forward by Gruji¢ and Simonovi¢,
simple classical concepts are also useful
and valuable to treat complex phenom-
ena such as the work function of metals
and insulators, particle charging, tribo-
electric charge exchange, and so forth.
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An early start
for superfluid
applications in
geodesy

thoroughly enjoyed the article “Super-
Iﬂuid helium interferometers,” by

Yuki Sato and Richard Packard
(PHYSICS TODAY, October 2012, page 31),
but I was surprised and a bit mystified
by the closing comment: “Two decades
ago no one would have expected that
superfluids could find application in
geodesy to probe variations in Earth’s
rotation, yet the application is becom-
ing a feasible reality today.” I admit I
had to refresh my memory by referring
to the proceedings of an American Geo-
physical Union Chapman Conference

that I had organized in 1991, but sure
enough, among the papers presented
was one titled “The superfluid helium
gyroscope: An emerging technology for
Earth rotation studies.”?

In 1991 the geodetic community was
still refining the new International Earth
Rotation Service (IERS), which had de-
buted in January 1988. As chief of the
advanced technology branch of the
Geosciences Laboratory at the National
Oceanic and Atmospheric Administra-
tion and principal coordinator for the
IERS very long baseline interferometry
center, I was leading the operation of a
global network of VLBI observatories to
regularly determine Earth’s nutation,
polar motion, and variations in rate of
rotation.? Funding constraints limited
the number and length of VLBI observ-
ing sessions we could do, and I was look-
ing for an alternative way to continu-
ously monitor changes in Earth’s
rotation rate with as high a temporal
resolution as feasible—hopefully, a few
hours or less. Based on information then
available, both superfluid and ring-laser
gyroscopes appeared potentially capa-
ble of meeting our goals. After contact-
ing and consulting with Packard, I initi-
ated a research grant for him to develop
a superfluid gyroscope explicitly de-
signed for monitoring Earth'’s rotation.?

Unfortunately, management changes
at NOAA after Bill Clinton was elected
president in 1992 soon cut off funding
for the superfluid gyroscope and, just a
few years later, for the NOAA VLBI pro-
gram as well. I had not kept track of
work on superfluid gyroscopes during
the ensuing years, but apparently, more
than two decades later, the superfluid
gyroscope is just now “becoming a fea-
sible reality.” Still, the world of super-
fluid helium and Packard’s research into
it remain undeniably fascinating.
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