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Abstract

The connection between the concept of a ‘Lagrangian manifold’ and Liouville’s theorem in classical mechanics
and the concept of a global information field in quantum physics is discussed.
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Introduction

Quantization rules for multidimensional systems were proposed in
1917 by Einstein [1], who noted that a classical trajectory fills a torus
in the phase space, which is the Lagrangian manifold, and that actions
along topologically independent contours on the torus, according to
Liouville's theorem, are invariant with respect to the deformation of
these contours. The hypothesis that the action for one period is the
main characteristic of a quantum state was justified by Ehrenfest [2].
His approach was based on the assumption that if the external field is
changing in time very slowly, we can expect that transitions between
quantum states are absent because the flux of energy from the external
field is too weak to provide a sudden jump between well-separated
discrete energy levels. What is the classical quantity which is conserved
when the external interaction changes slowly in time? Or, what is the
adiabatic invariant? Such adiabatic invariants should be responsible
for the identification of quantum states. Ehrenfest has proved that this
invariant is an action calculated during one period. The interpretation
of quantum physics as a global information field theory has been
formulated in [3,4]. In fact, the global information field arises already
in classical electrodynamics. The study of the diffraction of light
demonstrates that the distribution of photons on the screen is predicted
by the Maxwell equations. The same phenomenon for propagation
of electrons through double slits is described by the SchrAodinger
equation. In both cases the global information field is determined
by the wave-type differential equations - the Maxwell equations in
classical electrodynamics and the SchrAodinger equation in quantum
physics. Standard notations for the solutions of these equations are
an electromagnetic field and a wave-function, respectively. However,
a more adequate name for them is a global information field, which
emphasizes that the material (classical) world is accompanied by
a global information field on all levels. The existence of the global
information field has been demonstrated by the Einstein-Podolsky-
Rosen experiment e.g., for the radiative decay of a hydrogen atom from
a Meta stable 2S-state. In this case two photons are emitted having
spins with opposite directions, since the initial (25) and final (1S) states
of hydrogen have angular momentum equal to zero. However, the
orientation of each spin is uncertain. If the measurement of the direction
of the spin of the first photon is performed, the second photon takes the
opposite direction of spin, according to the global information field,
independently of the distance between the two photons. The fixation of
the spin orientation of the second photon happens immediately, and it
is an actual changing of state of the second photon without any contact.
In the experiment [5] the distance between photons at the moment
of measurement was 18.0 km. It was found that the propagation of

quantum information at the moment of measurement is at least 10*
times faster than the speed of light c.

To demonstrate the connection between the global information
field and the Lagrangian manifold in phase space let us quote the
example from [4], "The global information field has no direct relation
to time for closed systems. Namely, in the semi classical approach a
classical trajectory forms the Lagrangian manifold in phase space. If
a classical trajectory lls a torus, then in the N dimensional problem
only N topologically independent quantization contours exist and the
actions along these contours are, according to the Liouville theorem,
invariant with respect to their deformation. Figure 1 shows one of the
'states' (i.e. a projection of a torus onto the coordinate plane) for the
Hamiltonian of the Henon-Heiles model (Figure 1a).

H:%(Pi+Pi+x2+y2)+lx(y2—%x2j.

In two dimensions it is a non-separable problem. This figure
demonstrates that caustics are the non-local characteristic of states,
which can be determined only if the whole trajectory is known. In
(Figure 1b) two topologically independent contours in the quantization
rule are indicated by dashed lines L and L, Thus, the topological
theorems, being a very nice but quite useless tool in classical physics,

Figure 1: The state with low average angular momentum for theHenon-
Heiles model: a) 2D trajectory, and b) its internal (EBE'B'E"B") and external
(C) caustics. From the paper by Noid and Marcus.
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play a decisive role in quantum physics. Even on the semi classical
level the global properties of trajectories, which are related rather to
the information than to the local time dynamics, are most important.
Moreover, the corresponding wave function does not contain the
time variable. Interaction between the wave function (and the global
information field) and our (classical) level is measurement. Obviously,
this interaction is irreversible in time and determines the arrow
of time."At first sight, the concept of a 'Lagrangian manifold' and
Liouville's theorem do not play a significant role in classical mechanics;
they are rather abstract statements, which are not directly related to the
calculation of the classical trajectory. But, what is astounding, they are
the foundation stone for understanding of the global information field,
which is outside of classical mechanics.

Citation: Solov'ev EA (2015) Liouville's Theorem in Classical Mechanics and the
Global Information Field. J Phys Math 6: 137. doi:10.4172/2090-0902.1000137

Acknowledgment

I am grateful to John Briggs and TaskoGrozdanov for critical reading of the
manuscript.

References

1. Einstein A (1917) for quantum set of Somerfield and Epstein. Verhandl Dtsch
Phys Ges 19: 82-92.

2. Ehrenfest P (1917) Adiabatic Invariants and the Theory of Quanta. Philosophical
Magazine 33: 500-513.

3. Solov'ev EA (2014) Physical and Metaphysical Aspects of Time and
Consciousness. Cosmology 18: 201-211.

4. Salart D, Baas A, Branciard C, Gisin N, Zbinden H (2008) Testing the Speed of
'Spooky Action at a Distance'. Nature 454: 861-864.

5. Noid DW, Marcus RA (1977) Semi classical Calculation of Bound States in a
Multidimensional System for Nearly 1:1 Degenerate Systems. J Chem Phys
67: 559-567.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features: ub“Shi,,g

pe%50 world’s leading languages
N\

v
User friendly/feasible website-té&%ti

¢  Audio Version of published pa
¢ Digital articles to share and eXplor

Special features:

L

* 400 Open Access Journals ' /'&

* 30,000 editorial team &L
4 27) ¢

. 21 days rapid review process //‘/\ /{{’\‘\ N

Quality and quick editorial, revie o pablication: pr}!ssing
Indexing at PubMed (partial), Sc a =
Sharing Option: Social Networking Enabled

¢ Authors, Reviewers and Editors rewarded with online Scientific Credits

¢ Better discount for your subsequent articles

icus and Google Scholar etc

Submit your manuscript at: http://omicsonline.com /open-access/physical-mathematics.php

J Phys Math
ISSN: 2090-0902 JPM, an open access journal

Volume 6 ¢ Issue 2 + 1000137


http://dx.doi.org/10.4172/2090-0902.1000137
http://dx.doi.org/10.4172/2090-0902.1000137
http://www.tandfonline.com/doi/abs/10.1080/14786440608635664?queryID=%24%7bresultBean.queryID%7d&
http://www.tandfonline.com/doi/abs/10.1080/14786440608635664?queryID=%24%7bresultBean.queryID%7d&
http://cosmology.com/ESolovevConsciousTime.pdf
http://cosmology.com/ESolovevConsciousTime.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18704081
http://www.ncbi.nlm.nih.gov/pubmed/18704081
http://adsabs.harvard.edu/abs/1977JChPh..67..559N
http://adsabs.harvard.edu/abs/1977JChPh..67..559N
http://adsabs.harvard.edu/abs/1977JChPh..67..559N
http://dx.doi.org/10.4172/2090-0902.1000137

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Acknowledgment 
	Figure 1
	References 

