ANTITHERMODYNAMICS

Otto E. Rossler
Faculty of Science, University of Tubingen, Tubingen, F.R.G.

Abstract

“Anti” means “instead” or “mirror version of”. The recently
introduced new fundamental discipline of cryodynamics can synonymously
be called antithermodynanics because it constitutes a mirror-version of
thermodynamics. It refers to attractively rather than repulsively interacting
many-particle systems. Its predictable influence on the future understanding
of physics and the cosmos is outlined by summarizing about 30 references.
Novel mathematical results are imminent and decisive technological
applications are at the ready.
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It is an old dream of humankind to do something against the
onslaught of thermodynamics. Maxwell’s demon was the first proposal,
combined with a first inkling of quantum mechanics. In his book “Theory of
Heat,” second edition, Maxwell wrote that the smallest parts of a body (its
atoms) are “so impalpable that we cannot in any way lay hold of them”
[Maxwell, 1872]. From inside the world, violating the arrow of entropy
increase appears impossible indeed.

Next in line in history came Zwicky and Chandrasekhar. Zwicky
[1929] believed that light passing through a cauldron of whirling galaxies
would be braked, that is, reduced in its energy. Unfortunately, he could not
offer a clear-cut mechanism at the time. Not long after, Chandrasekhar
[1943] found a braking force pulling on fast-moving stars in a globular
cluster of stars. He interpreted this force to be an implication of statistical
thermodynamics: namely, that excessively hot particles are cooled down to
the mean temperature. Both authors came very close but narrowly missed
the breaking point.

This fact is perplexing because the “statistical mechanics of mutually
attracting bodies” ought to have been the oldest statistical theory in physics
since it is a direct implication of Newton’s laws (including their subsequent
generalization by Einstein). This chance was overlooked for more than 3
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centuries. The new science surfaced only slowly in a series of papers
stimulated by ongoing discussions in the lecture hall with Dieter Frohlich
and my students. The so far accrued publications are listed as follows
[Rossler et al., 2003a; Rossler, 2003a; 2003b; 2003c; Rossler, Letellier 2003;
Rossler, Bosetti, 2004; Rossler, 2004; Rossler, 2004a; Rossler, Movassagh,
2005; Rossler et al., 2005a; Rossler, 2006; Rossler et al., 2007; Rossler,
2010a; 2010b; Sonnleitner, 2010; Rossler, 2011; Rossler, Kuske, 2011,
Rossler, 2012a; 2012b; Rossler et al., 2012a; Rossler, 2012c; Rossler et al.,
2012Db; Rossler, 2013a; Rossler et al., 2013; Rossler, 2013b].

The underlying new phenomenon — braking-at-a-distance of poor-in-
kinetic energy particles by rich-in-kinetic energy particles under attractive
conditions — appears to be empirically encountered down here on earth in the
special case of “nucleon cooling” by means of high-energy electrons used in
particle accelerators (cf. [Prashun et al., 2003]). This interpretation of the
Julich results waits to be discussed with the pertinent group. If it survives
scrutiny, then the phenomenon much like “dynamical friction” before went
unrecognized as being the expression of a universal anti-dissipative
mechanism present in nature that contradicts thermodynamics but is exactly
complementary to it. The proposal arrived at in Tbingen and Kos to use the
same principle for stabilizing hot-fusion reactors [Rossler et al., 2012a;
Rossler, 2012c; Rossler et al., 2013] is up to this day greeted with skeptical
silence by the rest of the scientific community and the reactor industry.

This fact is by no means surprising. Imagine someone comes up to
say “l have a recipe for anti-entropy.” More than 1 1/2 centuries of
thermodynamics, including the thermodynamics of irreversible processes
explaining chemical and biological evolution, cannot but cause everyone to
be maximally skeptical. This probabilistic judgment notwithstanding, the
“second thermodynamics” exists. It almost exclusively applies in the
cosmos, and it is in addition compounded here by the fact that it is
numerically unstable — which explains why it got missed in galactic-
dynamics simulations for five decades. It got numerically confirmed only in
2010 by Klaus Sonnleitner in his dissertation [Sonnleitner, 2010] which has
yet to be translated into English. Most everyone is still ready to show
skepticism towards such a high-flying claim - especially if the author
ironizes his own finding by calling it “energetic capitalism” since the energy-
rich particles exploit the energy-poor ones [Sonnleitner, 2010].

There exists a theory of “deterministic entropy” production in
molecular-dynamics simulations under the wusual repulsive conditions
[Diebner, Rossler, 1998; 2004]. The same deterministic-entropy formula,
only sign-inverted, predictably applies in the new attractive case, describing
a numerically equal “deterministic ectropy.”
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The mathematical breakthrough came with the geometric “plane-tree
alley theorem” of deterministic statistical thermodynamics [Rossler, 2013b].
It represents a generalization towards smooth potentials of Sinai’s famous
geometric  proof of hard-repulsion-based  equilibrium  statistical
thermodynamics [Sinai, 1970]. The new result not only includes far-from-
equilibrium statistical thermodynamics, it also possesses a natural dual: the
“inverted plane-tree alley problem.” Under sign inversion of all potentials —
from Newtonian-repulsive to Newtonian attractive —, the light-weight fast
particles were shown to be braked on average by the energy-rich heavy slow
ones. The theorem proves this under artificially symmetrical assumptions
which, however, can be relaxed without loss of generality [Rossler, 2013b].
The offered straightforward geometrico-mathematical demonstration can be
generalized in many formal ways. An analytical treatment of a 2-body
Newtonian interaction vyielding the same outcome was presented by
Movassagh [2013].

What is missing so far is an “industry” — as one calls the emergence
of an accepted new paradigm. In the scientific community at large, the
bonanza that is to be expected is not yet taken seriously enough to effectively
motivate individuals or groups to undertake the immense effort of building
up from scratch a full-fledged fundamental discipline on a par with
theoretical and technical thermodynamics. The name - whether
antithermodynamics or cryodynamics — makes no difference (it is hard to
predict which term will be the winner).

The present short report serves the purpose to help launch this
maximally promising research effort. Numerical specialists need to be
recruited. The T-tube allows for further low-mass fast particles to be added
to the single one in the horizontal tube, all in a mutually transparent manner
for simplicity. The author of the quoted dissertation could do this work
himself — were his former advisor not unable to accrue support after the
university took away his house for solidarity shown with two unjustly
degraded colleagues. The most promising conjecture arrived at by
Sonnleitner and the present author reads as follows: Replace the heavy
vertical particle in the T-tube by a forcing function acting on the light
particle in the horizontal bar having the same form as that exerted by the
heavy particle, but having constant frequency. The cooling phenomenon will
predictably persist while simultaneously the system has become an ordinary
periodically forced Hamiltonian oscillator — the oldest paradigm of chaos
theory invented by Poincaré [1885]. Who would have foreseen that a
Poincaré cross section in an ordinary periodically forced Hamiltonian
oscillator can harbor a second dynamical revolution after that brought by
chaos? The pertinent area-preserving map waits to be plotted and analyzed
for three years in a row. The ultimate difference between thermodynamics
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and cryodynamics predictably lies hidden in the structure of this easily
accessible but still unknown mathematical figure. It is hard to guess
beforehand what could be the decisive difference between two related cross
sections which, in the one case, cause the underlying area-preserving map to
generate dissipative behavior under the far-from-equilibrium condition
assumed, and in the other case, cause anti-dissipative behavior. One of the
deepest secrets of nature — the progression of macroscopic time which has no
basis in physics so far — may come closer to its resolution once this particular
Poincaré map has been given the benefit of a comparative investigation of its
two cases.

To conclude, the new discipline presented in a nutshell above can
cast a light on science as a whole. One always believes that progress is so
slow because new discoveries — like a cancer drug or a lightweight battery or
a stable quantum dot or an anticipated particle — are so time-consuming to
harvest at a potentially unbounded cost. Here we see a dual obstacle to
progress at work. A promising bonanza (like “hometown of humankind on
the Internet” two decades ago) is sometimes irrationally shunned out of a
phenomenon that could be called “collective modesty.” The concrete cause
in the present case may be that there no longer exists a “club of old men” on
the planet — like that formed by my late friends Carl-Friedrich von
Weizsacker, John Wheeler, Masaya Yamaguti, Ezer Weizmann and Stafford
Beer three decades ago. The successor club (with Koichiro Matsuno and
David Finkelstein) is too small to have enough influence since “specialists
for nonspecialization” have become rare and far between. | would love to
ask the current club whether they would be willing to endorse the following
proposal: To set up a research and teaching institute for cryodynamics
(“antidissipation”) — preferably in Tubingen because old trees abhor being
transplanted. The rewards for science following in the footsteps of Poincaré
one more time will — after the good experience made with chaos and
fractality — be “unlimited” if the new cooling law proves as powerful as its
dual nature to thermodynamics suggests. The reader is asked to search for a
critical error in the above-reviewed Hamiltonian chaos theory. After all, the
cosmological consensus of a planet is being put in jeopardy — so maximum
skepticism is on line. Every young scientist is invited to participate since the
numerical study of a periodically forced two-variable oscillator is state-of-
the-art for decades in the science of chaos. The circumspectness of the
numerical study of 2010 waits to be taken up.
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