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The 'problem of time' can be 'solved' by observing that 'time' is a computational artifact originating from the
'change' in the states and con�gurations of substance (matter) at all scales and levels of complexity in the space
of an evolving Universe. 'Change' results from instabilities in the con�gurations of matter, which are driven by
the fundamental forces into more stable con�gurations. The recon�guration processes resulting in the hierarchical
forms of matter throughout the universe are the fundamental sources of 'signals', which carry 'information' from one
material system to another. The process of pairing signals, from one changing system (a standard clock) to 'observed'
signals from another changing system, creates 'time labeled' information states or 'infostates'. The di�erence between
the time labels for any two infostates is de�ned as the 'time' elapsed between the two observed events. 'Time' does
not exist a priori, but is in fact a computed measure of change. The 'logic' involved in producing time labeled
infostates is illustrated using a 'T-computer' model. The construction of a 'direction' and 'dimension' for 'arrows of
time' follows from the 'time di�erences' between labels for the time labeled 'infostates'. The set of all time labeled
infostates forms the basis for conventional 'time' coordinates.

1. Is There a 'Problem of Time'?

\Why is the ow of psychological time identical with the
direction of increasing entropy? The answer is simple:
Man is part of nature, and his memory is a register-
ing instrument subject to the laws of information the-
ory. The increase of information de�nes the direction
of subjective time. Yesterday's experiences are regis-
tered in our memory, those of tomorrow are not, and
they cannot be registered before tomorrow has become
today. The time of our experience is the time which
manifests itself through a registering instrument. It is
not a human prerogative to de�ne a ow of time; every
registering instrument does the same. What we call the
time direction, the direction of becoming, is a relation
between a registering instrument and its environment;
and the statistical isotropy of the universe guarantees
that this relation is the same for all such instruments,
including human memory." | Han Reichenbach [1].

What is time? Time is a form of information [2]
that represents a measure of change [3]. If nothing
changes, then 'time' has no meaning. 'Change' in the
shape, contents, energies, and other physical and chem-
ical properties of substances (matter) forming systems
spread throughout the universe is observed as signals
originating in or modi�ed by the recon�gurations of
these islands on the sea of the vacuum. The recon�g-
urations are driven by the fundamental interactions of
matter with other matter or with the vacuum (space).
The problem of time is how do we construct 'time' from
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change in the universe?
The 'problem of time' can be 'solved' by showing

that 'time' is a computational artifact originating from
the 'change' in the states and con�gurations of sub-
stance (matter) at all scales and levels of complexity
in the space from particles to the galaxy distributions
mapping the large scale structure and texture of the
evolving Universe [2]. The solution includes a general
method of computing time that can apply to the com-
mon housey evading a predator as well as humans at-
tempting to evade the aging process. The T-computer
is a general model for physical systems that can take in-
formation from signals coming from an observed object
in the environment and give them a time label relative
to an internal or standard clock. In the simple case
of the y, images are processed and time labeled with
respect to the y's heart rate. They are compared to
previously stored (even if only in 'volatile' or temporary
memory) images in order to determine an evasive ight
path in the y's 'future'.

This kind of time is relative, non-quantitative and
relies on the ordering of the detected signals in a mem-
ory. The ordering process creates a kind of time la-
beling without the need for the normal numbers we
associate with the time we read o� clocks. The y
needs a primitive sense of time in order to extrapolate
the most probable pursuit curve of it prey in order to
evade it and survive. Any system that can store infor-
mation in sequentially ordered sets and compare their
relative position with respect to an internal or external
standard clock can create 'time' as a measure of what
has changed and what might change. The 'problem of
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time' can be transformed into a problem of the creation
of time by processing the information we gather about
the things that change around us and in us.

In this paper I will briey outline a general model
for the creation of time from change. This may help
to explain what time is, but it still leaves the question
open about the deep nature and origin of 'change'. The
'problem of time' can be solved but it leaves behind a
'problem of change'.

2. Unstable Systems, Change, and
Clocks

'Change' results from instabilities in the con�gurations
of matter. These unstable systems or 'clocks' are driv-
en into more stable con�gurations by the fundamental
forces (i.e. strong, electromagnetic, weak and gravita-
tional). If the clock is a quantum system then it is a
'Feynman clock' or FC [2] named after the method
of Feynman diagrams. The recon�guration processes
produce the hierarchical forms of matter throughout
the universe. During the recon�guration process sig-
nals can be produced. These signals propagate through
space carrying 'information' from one material system
to another. A clock in this framework is any system
that produces or modi�es information (signals) during
internal processes or through interactive processes with
other systems or signals.

3. Signal Detection and Time Labeling

The process of pairing signals, one from a reference
system (e.g. a standard clock) and one from an 'ob-
served' system, creates 'time labeled' information states
or 'infostates' combining information from both sys-
tems. This new infostates is stored in the memory
of the observer's information processing system. This
computational process in a physical system is a form
of time-computer or 'T-computer'. This is illustrated
with a general 'T-computer' model or T-machine (see
Figure 1).

The progression of information transfer through the
T-computer is mapped by the position of the infos-
tate representing the coupling of the original coinci-
dent signals and subsequent 'processed' or computed
infostates as they are operated on by sequential 'gates'
in the network. This information propagates through
the T-computer from the Feynman and Standard clock
sources to a time labeled memory. The �nal calcula-
tion of the 'time di�erence', �t = t2� t1 , between any
two observed events or infostates stored in two di�er-
ent memory locations requires physical 'logic' that can
�nd the 'di�erence' between the time labels associat-
ed with the stored event information. In the following
equations the nth composite state, Sn , is listed for the

entire T-computer acting as a single quantum system
(Figure 1). This state represents a given con�guration
for the entire system focusing on the 'active' infostate
in the causal network. In the following, jNetworkni =
jNni , refers to the 'inactive' collective state of the net-
work components not involved with the location of the
'active' infostate.

The sequence of information ow through a causal
network (e.g. T-computer) is tracked by 'active' or 'ex-
cited' (e.g. jFC�i infostate representing the spatial
location in the network of all the relevant information
corresponding to the observed event. The non-active
states of the remaining components in the network are
summed in the Network0~n term. The nth (computa-
tional) state of the entire T-computer system is Sn .
This corresponds to the infostate at a physical gate lo-
cation in the causal network.

We will assume that the initial con�guration of the
composite system is given by jSni = jS0i , for n = 0.
The standard clock and the 'observed' system provide
the information (signals) to the T-computer detectors
through open space or by closed 'circuits' or 'guides'.

We want to remember that we implicitly use anoth-
er distinct T-computer when we assign a 'start time' for
the ow of information through any causal network or
T-computer. Since the point here is that 'time' is a bit
or qubit of information generated by the T-computer,
the start and stop times can be ignored. We will also ig-
nore any 'decoherence' e�ects on the infostate through
its' interaction with the environment (e.g. vacuum)
since the decay 'lifetime' of a system due to this cou-
pling is already included in the system start and stop
signals processed by the observer. The network will
be considered to be robust enough to withstand decay
of the local infostate in the active gate or node in the
network.

The equations below are intended to illustrate the
general features of the T-computer. The details of the
physical 'logic' gates and nodes forming a T-computer
and the appropriate equations describing them are cur-
rently being investigated by the author and will be pub-
lished at a later date.

We assume that we have an initial con�guration of
the entire quantum system involving the signal sources,
however extended or remote in space, and the causal
network forming the T-computer given by the super-
position (sum) of all the infostates of the components
in the extended system. These are represented by the
collective state of the system, S0 , de�ning a reference
'start' state of the T-computer where the state index
is n = 0. The following equations represent the state
of the entire system in which the 'active' signals, nodes
or gates are identi�ed separately from the remainder of
the 'inactive' components of the network. This allows
us to see how the 'infostate' is created and propagates
through the network. We can see how it changes ('ex-
pands' with additional qubits into larger qwords or is
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Figure 1: The schematic diagram of a simple idealized T-computer. The functions of the logic 'gates' or nodes and the
signals owing between them represent a general model of the computation of 'time di�erences' between events in a 'time-
independent' information space of 'infostates', I(S) , and the system or causal network forming the time labeling computer
is in state jSi . This state is the collective 'infostate' of the entire network forming the T-computer including the active
and inactive components of the relevant computational network. The intent of modeling a T-computer is to show two
things. First is that 'time' is a computational artifact of a signal mapping process that de�nes time as function of the
coincidence a clock signal with an event signal. Second is that the T-computer is a component or sub-network of more
complex information processing systems. The T-computer is essentially a quantum computer with classical 'time' as an
output. The principles in the signal mapping process also apply for larger scale systems that can be treated by classical
methods. The key is that all the information used to de�ne time at the macroscopic scale is traceable backwards to the
origin of information in the microscopic 'quantum' world.
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'reduced' to the selected information needed for a time
computation) as it is acted upon by the 'logic' of the
network.

The active components (e.g. signals, 'nodes' or
'gates') of the T-computer system (i.e. the 'current'
location of relevant information from the 'observed and
time labeled' expanded infostate including additional
qubits form any extra information created by process-
ing or logic activities on the incoming infostate) and
the remainder 'inactive' network for the start state is
given by states in Dirac notation.

We begin with the initial state of the T-computer:

jFC�i+ jDi + jSC�i+ jN0i : (1)

The active (excited) states of the FC and SC are
direct product states of their respective 'ground' states
and the 'potential' outgoing signal. They are initially
entangled until full decay at which point they become
a 'distinct' linear superposition of quantum systems.
When the source and its signal become 'measurably
distinct' we can consider them to be 'classically' sep-
arated. This 'separation' is represented as a sum (+)
rather than the direct product (
).

The causal network forming the T-computer is a
'quantum' system. 'Classical properties' of a network
are the result of mesoscopic or macroscopic collective
excitations or behaviors resulting from the composite
collective interactions of the quantum sub-systems or
sub-networks. The distinction between quantum and
classical scale phenomena is mainly a matter of the ob-
servers' choice of what is to be observed. For example,
one could measure the 'classical' temperature of a gas
cell (a 'thermodynamic' infostate) or the optical scat-
tering of individual 'quantum' photons by the particles
in that same gas cell (quantum causal network infos-
tates). The total system is neither quantum or classi-
cal alone, but a system with both quantum and classical
infostates at various hierarchical levels of complexity.

We note that the Dirac notation lends itself to an
oversimpli�ed 'compact' representation of the state of a
system considered to have a distinct quantum identity.
We neglect the interactions of components of the sys-
tem with each other or the environment if they are not
'active'. 'Active' components are de�ned by the 'atten-
tion' interaction of the observer with the T-computer.
This interaction is the result of an ongoing coupling or
feedback between the information source, a standard
clock and the observer.

The superposition of the quantum states or the
quantum components of an ensemble system represents
a system that does not support or generate collective
excitations as the result of a 'condensate' state. The
condensate state of an n-body system that generates
or supports collective excitations is the result of the
coupling of all the components in such a way that they
are more than a superposition. The expression of this

collective or entangled condensate is the direct product
of the system states whose whole is clearly more that
the sum (superposition) of the parts.

[jFC�i ! jFC0i 
 j�FCi] + jDi
+ [jSC�i ! jSC0i 
 j�SCi] + jN1i :
The decay rates of the FC and the SC may be dif-

ferent. We will assume that the detector will 'hold' the
FC infostate until the next available signal arrives from
the standard clock. When both signals are detected
they are converted into a 2-qubit infostate.

[jFC0i 
 j�FC i ! jFC0i+ j�FC i]
+ jDi + [jSC0i 
 j�SCi ! jSC0i + j�SCi] + jN2i :
The collective state of the total system is one in

which the 'signals' are in transit to the detector while
the rest of the network is in its 'ground' or signal detec-
tion 'ready' con�guration. Once the 'classical' or spa-
tially distinct signals become close enough to their tar-
gets to become superimposed and then entangled with
the detectors, their identity as quantum signals travel-
ing 'classically' through space is destroyed. They are
now coupled to the detectors as indicated by the direct
product of the infostates of the active front-end com-
ponents of the T-computer.

The 'inactive' components of the network including
the FC source and the SC 'time pulse generator' are
lumped into the superimposed subset of the systems
causal network as represent in the last term below. The
2-channel detector is now in a collective excitation state
in which two q -words (or qubits) are stored in parallel
quantum registers.

[jDi + j�FC i+ j�SCi ! jDi 
 j�FC i 
 j�SCi]
+ [jFC0i+ jSC0i+ jN2i ! jN3i]
= jDi 
 j�FC i 
 j�SC i+ jN3i :
The composite infostate of the detector is an ex-

panded 'q -word' with two q -words concatenated into
a larger q -sentence. The q -sentence infostate can now
be propagated along the network for used as a 'time
stamp' for the 'event' originating in the FC and labeled
by the SC.

jDi 
 j�FCi 
 j�SCi
+ jN3i ! jD�i+ jN3!4i = jD�i + jN4i :
The detector infostate is now given a 'label' that

will be used later to compute the 'elapsed time' be-
tween events in memory or the coordinate 'time' used
in standard space-time.

jD�i 
 j�ni + jN4i ! jMk; tki
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+ jDi + jN4i ! jMk; tki+ jDi + jN4!5i
= jMk; tki+ jDi + jN5i :
At this point a signal from another memory location

carrying the 'time label' information is shifted into the
comparator.

[jMk+m; tk+mi+ jMk; tki] + jN6i : (2)

The 'time labels' are qubits in the n-bit word rep-
resenting the infostates for the processed information
from the source and standard clock 'events' stored in
the various addressable memory locations.

[jMk+m; tk+mi 
 jMk; tki]
+ jN6i ! jMk+m; tk+m;Mk; tki+ jN7i :
The interaction of the infostates from the two mem-

ory locations takes place in a logic gate that compares
the 'time' qubits via a 'subtraction' operation. This fol-
lows from the same kind of logic used in conventional
computers that address speci�c bits needed for a log-
ic operation involved with �nding time di�erences for
time labeled events.

jMk+m; tk+m;Mk; tki
+ jN7i ! jMk+m;Mk; (tk+m; tk)i+ jN7i !
jMk+m;Mki 
 jtk+m; tki
+ jN7!8i ! jMk+m;Mki 
 j�tni+ jN8i :
The processing of the time labels for infostates cor-

responding to two events results in a 'time' infostate
whose information 'content' is the di�erence between
the labels. We are assuming that real numbers are used
here, but complex numbers or any other set of number-
like labels may work as long as the physical states of
the register in which the computed 'time' can be trans-
lated into other higher order languages that 'interpret'
causal relationships between events.

[jMk+m;Mki 
 j�tni] + jN8i ! j�tni
+ [jMk+m;Mki + jN8i]! j�tni + jN9i :
The information encoded in the di�erence between

two time labels for two events is extracted by logic
that can evaluate the absolute value of the di�erence
between the two event 'times' resulting typically in a
real number. These time label numbers may be physi-
cal states such as the number and polarity of charges,
analog voltages, discrete binary sets of voltages, polar-
ization states, or spin states. The numerical di�erence
between two time labels corresponds to the physical dif-
ference between their physical states in the tubit loca-
tion of the infostate qword. The physical comparison of

two states by the logic of the gate in the T-computer re-
sults in the following creation of another physical state
in a register that can be translated into a number by
higher order information processing:

j�tni+ jN9i ! [T [j�tni] = �tn = tclassical] + jN10i :

Where 'I ' is the computers 'time infostate' result-
ing from the computation of the time label di�erences
in two event infostates by the time operator, T , acting
on the two-qubit infostate, j�tni ; extracted from two
memory locations. The action on this state results in
conventional time, T [j�tni] = �tn . This is the time
di�erence 'magnitude' between events stored in memo-
ries (k ) and (k +m) with respect to a standard clock.

The constructed equation of time representing the
bridge between quantum and classical processes is:

T [j�tni] = �tn = tclassical: (3)

'Time' di�erences and the information de�ning the
order of infostates representing the observed events can
be used to create temporal pointers or 'arrows of time'
between 'earlier' and 'later' infostates (i.e. (k ) and
(k + m) respectively). This is the 'output' of the T-
computer.

The magnitude of the di�erences in the time labels
along with the 'pointer' are used to construct arrows
of time and the 'dimension' and 'direction' of the time
axis in standard (3 + 1) space-time. This is the 'clas-
sical' time that is generally used as the time 'variable'
in standard physics equations of motion.

The real number time di�erences coupled with the
loading of info-states in memory locations, Mk+m and
Mk along with the set of all ordered events de�nes
for the observer a 'timeline', time 'direction' and time
'dimension' (usually = '1') coupled to a standard 3-
space resulting in a (3 + 1) space-time. It also de-
�nes a Quantum Arrow of Time (QAT) for signal cre-
ation and induced infostates in detectors originating
in the irreversible recon�guration of unstable 'excited'
states. 'Classical Arrows of Time' or CATs are built on
collective or generalized information ow in compos-
ite quantum systems acting with behaviors that can be
described by classical equations of physics and point-
ing from unstable system con�gurations to more stable
ones.

Quantum information encoded as qubits and qwords
are the 'contents of 'infostates' resident in gates, reg-
isters and memories. Collections of memories can sup-
port many qwords as single information objects. They
may be extended quantum objects with serial (sequen-
tial excitation network or SEN) properties or collective
properties (collective excitation networks or CENs).
Combinations of qwords acting like a single quantum
object can form qsentences. These various informa-
tion structures are physical 'infostates' of the signals
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or gates in which they reside. The transfer of phys-
ical objects combined with their information content
de�nes causal networks and T-computers. The infor-
mation ow in the universe occurs without any explicit
dependence on time as a 'dimension'. Real and com-
plex numbers, or any ordered set of objects can be used
to 'time label' events. Unusual units of time can also
be created to represent causal relationships in theo-
retical physics models where complex processes involve
'mixing' of spatio-temporal information as long as their
'ordering' is understood.

Recognition that 'time' is created by complex sys-
tems capable of 'computing' it, may clear up 'time' re-
lated paradoxes and issues related to causality, informa-
tion theory, and the 'experience' of time inside complex
states of 'consciousness'.

4. Universal Time

Let us now look at a general approach to incorporating
time into the space-time constructions used in physical
theories to model the evolution of the substances or
physical systems in space. The form of the space-time
infostate locating a physical system, SJ , in the most
general (s+� ) dimensional space-time topology (model
of the universe) is given by:

jSJispace�time = js � spacei 
 j� � timei
= jd1; d2; d3; :::dsi 
 jt1; t2; :::t�i
= jd1; d2; d3; :::ds; t1; t2; :::t�i :
Where di and tj are the observable infostates of the

system with respect to the ordered 'set' of s space and
� time dimensions of the topological model being used.
Note that the time coordinates are really time labels
tagged to the event or its infostate associated with the
con�guration of system SJ . The space coordinates are
also 'tagged' onto the infostate identi�ed with this ob-
served system. The infostate for a 'classical' system in
standard (3 + 1) space-time is a sub-space-time of the
most general space-time above. This is:

jS3+1i= jd1; d2; d3; t1i= jx; y; z; ti : (4)

This state is the space-time information compo-
nent of a more general complete infostate that contains
not only the space-time location information but also
all other possible total energy, internal con�guration,
material composition and environmental information.
This is represented by I(total energy, con�guration,
composition, ..., etc.)=I(other). This term implicitly
contains all the information about the all the physical
subsystems forming the composite or collective state of
the substance (complex system) being observed. It is
important to clearly identify the processes of informa-
tion mapping to the various coordinates and to have

inverse functions that take one back to standard 3+1
space-times as dimensional information is gained or
lost in the modeling process.

The complete infostate for this system is:

jSJicomplete = jI(other)i 
 jd1; d2; :::; dsi


jt1; t2; :::; t�i = jI(other); d1; d2; :::; ds; t1; t2; :::; t�i

= jI(other); space; timei :

This is the complete infostate for the system rel-
ative to the rest of the universe. The infostate for a
given con�guration, � , of universe, jUi� , is then the
direct product of all the infostates of the substances and
space of which it is composed. We have the following
equation for the �-th state of the universe with all its
subsystems in their �-th states:

jUi�= jV acuumi�
O"

1O
J=1

jSJ i�
#
: (5)

This is the form of time-independent states of the
universe that one can use in the Wheeler-DeWitt equa-
tion. The transition from one con�guration to another
forms a 'history' of the universe composed of a sequence
of con�guration changes. Cosmic 'time' is the result
of 'change' not in time, but change creating informa-
tion that becomes 'time' when signals are processed by
observers inside the evolving universe. The transition
from the (i) to the (i+1) states results in the creation
of information that computes into the time elapsed be-
tween those two states.

5. Computing Time

The computation of the di�erence between the time la-
bels for any two infostates results in another 'bit' of
information that we call the 'time' elapsed between the
two observed events. From this perspective, 'time' does
not exist a priori, but is in fact a computed measure of
change. The construction of a 'direction' and 'dimen-
sion' for 'arrows of time' follows from the ordered sets of
numbers or label states added to observed 'infostates'
originating in unstable systems.

6. The Substance of Time

A general topology of time can be built from this ap-
proach that encompasses convenient theoretical con-
structions like 'imaginary' time, various 'arrows of
time', and multiple or partial time coordinates used in
higher dimensional topological models of the physical
universe. Time is real in the same sense that informa-
tion is real. The 'substance' of 'time' is 'change'.
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7. Summary

In this brief paper I have attempted to outline a new
way of thinking about time. I would like to summarize
by stating the following three conclusions.

1. Change in the con�gurations of substance in
space creates signals carrying information about their
sources to other systems in space.

2. Signals are computed into time labels for infos-
tates representing observed phenomena.

3. Time is used to construct space-time maps of the
evolving universe and along with application of the laws
of physics, a determination of the possible emerging
con�gurations of matter can be 'computed'.

There is much more work to be done to detail how
real physical systems compute time and how this new
approach to time can be understood in the context of
information theory applied to quantum and classical
systems, causal networks, collective excitations and be-
haviors of complex systems, and consciousness.
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We point out nice symmetries that characterize the Newtonian N -body problem expressed in con�guration -
momentum coordinates. For rectilinear, planar, and spatial motion (1D, 2D, and 3D problem, respectively), these
symmetries form Abelian groups endowed with an idempotent structure. We generalize these properties to n > 3
dimensions, to any homogeneous potential, and to barycentric coordinates.

1. Introduction

The dynamics of gravitating (in Newton's sense) par-
ticle systems has established itself as the fundamental
problem of celestial mechanics, if not as "the most cele-
brated of all dynamical problems" (Whittaker 1937).
It is su�cient to mention some outstanding mathe-
maticians who tackled it from the most various stand-
points: Laplace, Lagrange, Euler, Poisson, Maxwell,
Haret, Poincar�e, Painlev�e, Levi-Civita, Birkho�, Smale,
Kolmogorov, Arnold, Moser, Saari, Conley, McGehee,
Xia, Nekhoroshev, Montgomery, Chenciner, etc. (see,
for instance, Diacu and Holmes 1996). As Poincar�e
himself showed, the chance to fully understand and �
maybe � solve it is very weak and very far. However,
we can add a little bit of understanding, by emphasizing
new (often unsigni�cant) aspects of the problem.

This paper deals with a single aspect of the N -body
problem: symmetries. The vector �eld that character-
izes the problem presents nice symmetries, which form
Abelian groups endowed with an idempotent structure.
The number of elements of these groups depends on the
dimension of the problem (n = 1: rectilinear; n = 2:
planar, etc.), but not on the number N of the particles
involved.

The symmetries we point out are of much help in
understanding various features of the global ow of the
general problem or of a particular problem at hand.

2. Basic equations

Let us consider N particles (point masses, bodies) of
masses mi > 0, i = 1; N , moving in the n-dimensional
Euclidean space under their reciprocal Newtonian at-
traction. Let q = (q1;q2; :::;qN) 2 RnNbe the po-
sition (con�guration) vector of the whole N -body sys-
tem, and let qi = (q1i ;q

2
i ; :::;q

n
i ) 2 Rn , i = 1; N ,

1e-mail: vmioc@aira.astro.ro

be the position (con�guration) vector of the body mi .
These vectors are considered with respect to an inertial
frame.

The force (potential) function of the system is
U (q) : (RnNn�)! R+ ,

U (q) =
X

1�i<j�N

mimjr
�1
ij ; (1)

where j�j is the Euclidean norm, rij = jqi � qjj, where-
as � = [1�i<j�N�ij = fq 2 RnNj qi = qjg denotes
the set of collision con�gurations. Notice that �U is
the potential energy of the system.

The motion of the N bodies in this inertial frame
is described by the system of second-order ODE

�q = M�1rU(q); (2)

in which M = iag(m1; :::;m1; :::;mN; :::;mN), each in-
dex appearing N times, whereas r stands for the gra-
dient operator r = (@1; @2; :::; @N).

De�ning the momentum vector of the N -body sys-
tem as being p = M _qi , p = (p1;p2; :::;pN) 2 RnN,
where pi = (p1i ;p

2
i ; :::;p

n
i ) 2 Rn , i = 1; N , is the

momentum vector of mi , the motion equations can be
written as a system of �rst-order ODE:

_q = M�1p;

_p = rU (q): (3)

Remark 2.1. It is well-known that the motion
equations admit the ten �rst integrals (momentum,
mass centre, angular momentum, and energy). For the
angular momentum integral in Rn, n � 4, see Saari
(1988), Diacu (1992). But, since in this study only the
motion equations are of interest for us, we shall leave
the �rst integrals aside.

It is clear that the system (3) can be explicited un-
der the form of a system of 2nN ODE as follows:

dqki
dt

= m�1
i pki ;
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dpki
dt

=
NX

j=1;j 6=i

mj

qkj � qki
r3ik

; (4)

where i = 1; N , k = 1; n , and rik = [
Pn

k=1(q
k
j �

qki )
2]1=2 . The system (4) constitutes the basis for our

next endeavour.

3. Symmetries in natural cases

In this section we shall consider three intuitive situa-
tions: rectilinear (1D), planar (2D), and spatial (3D)
motion. Only the �rst case is indispensable for the
proofs in the next section, but the two other cases are
of much help in an easier understanding of the problem.

Consider hence n = 1 (the rectilinear N -body
problem). We can state

Proposition 3.1. The vector �eld (4) bene�ts of
four symmetries Sw = Sw(q1i j p1i j t) , i = 1; N , w =
0; 3, as follows:

S0 = I = (q1i j p1i j t);
S1 = (�q1i j �p1i j t);
S2 = (q1i j �p1i j �t); (5)

S3 = (�q1i j p1i j �t);
where I denotes the identity.

Proof. First, it is clear that, to keep the expres-
sion of the right-hand side of the second equation (4)
(except the sign), q1i and q1j (j = 1; N , j 6= i) must
have the same sign (+ or �). With this, perusing the
vector �eld (4), we observe that it is invariant to the
transformations described by (5).�

Proposition 3.2. Out of the three non-identical
symmetries Sw , w = 1; 3, only two are independent.

Proof. Consider S1 and S2 as being independent.
One can immediately verify that S3 = S2 � S1 . Taking
S2 and S3 as independent, we see that S1 = S2 � S3 .
For S3 and S1 independent, we get S2 = S1 � S3 .�

Theorem 3.3. The set G1 = fSw j w = 0; 3g ,
endowed with the composition law " �", forms a sym-
metric Abelian group with an idempotent structure.

Proof. The composition table below

� I S1 S2 S3
I I S1 S2 S3
S1 S1 I S3 S2
S2 S2 S3 I S1
S3 S3 S2 S1 I

proves the group structure. The commutativity of the
composition law "�" is obvious. As regards the idempo-
tent structure, it is easy to observe that every element
is its own inverse. This completes the proof.�

Theorem 3.4. The group G1 is isomorphic to
Z2�Z2.

Proof. Since G1 is a comutative group with two
generators, by the Fundamental Theorem of Abelian
Groups we obtain the result.�

Let us now observe that the four symmetries (5)
reduce to two pairs of symmetries with respect to t ,
written symbolically as

t 7! t : (+ j +); (� j �);
t 7! �t : (+ j �); (� j +): (6)

For the planar case (n = 2), all vectors qi =
(q1i ;q

2
i ) and pi = (p1i ;p

2
i ), i = 1; N , are 2-dimensional.

The 3-dimensional case involves qi = (q1i ;q
2
i ;q

3
i ) and

pi = (p1i ;p
2
i ;p

3
i ), i = 1; N . It is clear that, extending

the �rst sentence of the proof of Proposition 3.1, in the
planar problem the equivalent of formulae (6) are

t 7! t : (++ j ++); (+� j +�);
(�+ j �+); (�� j ��);

t 7! �t : (++ j ��); (+� j �+);
(�+ j +�); (�� j ++):

(7)

With the same arguments, formulae (7) can next be
extended to the 3-dimensional case as

t 7! t : (+ + + j + ++); (+� + j +� +);
(� ++ j � ++); (�� + j � � +);
(+ +� j + +�); (+� � j +� �);
(� +� j � +�); (�� � j � � �);

t 7! �t : (+ + + j � � �); (+� + j �+ �);
(� ++ j + ��); (�� + j ++ �);
(+ +� j � �+); (+� � j �+ +);
(� +� j + �+); (�� � j ++ +):

(8)

In these more-dimensional situations, imitating the
proofs for the rectilinear problem, we obtain

Proposition 3.5. In the planar case ( n = 2),
the vector �eld (4) bene�ts of eight symmetries Sw =
Sw(qi j pi j t) , i = 1; N , w = 0; 7, qi;pi 2 R2.

Proposition 3.6. Out of the seven non-identical
symmetries Sw , w = 1; 7, only three are independent.

Proposition 3.7. In the ambient spatial case ( n =
3), the vector �eld (4) bene�ts of sixteen symmetries
Sw = Sw(qi j pi j t) , i = 1; N , w = 0; 15, qi;pi 2 R3.

Proposition 3.8. Out of the �fteen non-identical
symmetries Sw , w = 1; 15, only four are independent.
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Theorem 3.9. The eight-element set G2 = fSw j
w = 0; 7g and the sixteen-element set G3 = fSw j w =
0; 15g , endowed with the same composition law " �" as
G1 , form symmetric Abelian groups with idempotent
structure.

Theorem 3.10. The group G2 is isomorphic to
Z2�Z2�Z2, whereas the group G3 is isomorphic to
Z2�Z2�Z2�Z2.

4. Symmetries in the general case

Consider now the general n-dimensional case. The
main results of this paper can be stated as:

Proposition 4.1. The vector �eld (4) has 2n+1

symmetries Sw = Sw(qi j pi j t) , i = 1; N , w =
0; 2n+1� 1 , qi;pi 2 Rn.

Proof. We shall use the induction. For n = 1, the
property holds (see Proposition 3.1). Suppose that this
result is valid for n , and check whether it remains valid
for n+1. The fact that the property holds for n means
that we have 2n+1 symmetries, 2n for t 7! t , and 2n

for t 7! �t . Therefore, for the (n + 1)-dimensional
case, the vector �eld (4) bene�ts of 2n+2 symmetries.
The proposition is proved.�

Proposition 4.2. The set of the non-identical sym-
metries of the vector �eld (4) has only 2n independent
elements.

Proof. Using the proof of Proposition 4.1, the
statement is easy to prove.�

The next results are obvious:

Theorem 4.3. The symmetries of the vector �eld
(4) form a 2n+1 -element Abelian group, Gn , say.

Corollary 4.4. The groups corresponding to the
symmetries of the vector �eld (4) have an idempotent
structure.

Theorem 4.5. The groups Gn are isomorphic to
Z2�Z2� :::�Z2 ( n+ 1 times).

Theorem 4.6. These properties do not depend on
the number of bodies; they depend only on the dimen-
sion of the problem.

To end, we state two more results, which generalize
the above issues:

Theorem 4.7. The symmetries we have empha-
sized remain valid for any homogeneous potential.

Proof. In such a case, the expression (1) of the
force function turns to

U (q) =
X

1�i<j�N

mimjr
��
ij ; (9)

with � > 0, where � = 1 corresponds to the Newtonian
model. The vector �eld (4) becomes

dqki
dt

= m�1
i pki ;

dpki
dt

= �
NX

j=1;j 6=i

mj

qkj � qki

r�+2ik

; (10)

with the same domains for the indices (i = 1; N , k =
1; n), and with the same expression for rik . Starting
from (10), it is easy to check that all the stated prop-
erties, valid for � = 1, persist for any � > 0.�

Theorem 4.8. The symmetries we have empha-
sized (for the Newtonian and for any homogeneous po-
tential), which hold in an inertial frame, remain valid
in a barycentric frame.

Proof. It is a well-known result in the Newtoni-
an N -body problem that, moving the origin of the co-
ordinate system in the mass centre of the N -particle
system, the expressions of the vector �eld and �rst in-
tegrals of the problem do not change (only the integra-
tion constants are modi�ed). This result can easily be
extended from the classical case � = 1 to any � . The
theorem is proved.�

5. Concluding remarks

In many previous papers we have emphasized and ana-
lyzed such symmetries in more general �elds (e.g., those
of Fock, M}ucket-Treder, Schwarzschild - de Sitter, the
Einstein PN �eld, the anisotropic Schwarzschild �eld,
or general �elds as the quasihomogeneous one, or that
corresponding to the zonal satellite problem). But in
all these cases we dealt only with the two-body problem
(Mioc 2002a-d; Mioc and P�erez-Chavela 2002a,b; Mioc
et al. 2002). Our present results are less general as
regards the potential, but more general by the number
of bodies and the dimension of the problem.

By the above quoted papers, considering separate-
ly each variable, these symmetries mean (in terms of
physical motion):

- motion in the future/past;
- clockwards/counterclockwards motion (with re-

spect to a �xed direction;
- outwards/inwards motion (with respect to the ori-

gin);
- motion above/below a �xed plane;
- positions shifted each other by di�erent angles; etc.
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As to their combination into the symmetries Sw , it
is su�cient to explicit S2 of Theorem 3.4 for n = 1, S5
for n = 2, or S9 for n = 3. These cases correspond to
the reversibility of the ow: for each solution, there ex-
ists another solution that has the same coordonates and
opposite velocities, all in reversed time. Corresponding
situations can be found for the other combinations, too.

Of course, this is valid for N = 2, reducing the
two-body problem to a central-force problem. But we
may extrapolate these results to N > 2, by taking in-
to account the motion of each individual particle with
respect to the initial inertial frame or the barycentric
frame.

As regards the usefulness of these symmetries, it is
su�cient to mention that, for each orbit proved to ex-
ist, there are many other symmetrical orbits (from the
above standpoint). This is of much help in understand-
ing various features of the global ow of a particular
problem at hand.

References

[1] Diacu, F. N.: 1992, Singularities of the N-Body Prob-

lem. An Introduction to Celestial Mechanics, Les Pub-
lications CRM, Montr�eal.

[2] Diacu, F., Holmes, P.: 1996, Celestial Encounters. The
Origins of Chaos and Stability, Princeton University
Press, Princeton, N.J.

[3] Mioc, V.: 2002a, Astron. Nachr. (to appear).

[4] Mioc, V.: 2002b, Serb. Astron. J. (to appear).

[5] Mioc, V.: 2002c, Phys. Lett. A (to appear).

[6] Mioc, V.: 2002d, Hvar Obs. Bull. (submitted).

[7] Mioc, V., P�erez-Chavela, E.: 2002a, J. Math. Phys.

(submitted).

[8] Mioc, V., P�erez-Chavela, E.: 2002b, J. Nonlinear Sci.
(submitted).

[9] Mioc, V., P�erez-Chavela, E., Stavinschi, M.: 2002, Ce-
lest. Mech. Dyn. Astron. (submitted).

[10] Saari, D. G .: 1988, Contemporary Math. 81, 23.

[11] Whittaker, E. T.: 1937, A Treatise on the Analytical

Dynamics of Particles and Rigid Bodies, 4th ed., Cam-
bridge University Press, Cambridge.



Spacetime &Substance, Vol. 3 (2002), No. 3 (13), pp. 108{111
c 2002 Research and Technological Institute of Transcription, Translation and Replication, JSC

THE CALCULATION OF THE INDISPENSABLE ACCURACY

OF THE MEASURING OF AN EM-WAVE'S ENERGY

Alex M. Chepick1

Nizhni Novgorod, Russia

Received July 20, 2002

The hypothesis of a \tired light" is now disclaimed by indirect signs. Within the framework of this hypothesis is
demonstrated, that the energy e = hH (where h is the Planck constants, H is the Hubble constant) is a value of
energy that is lost by a photon in respect to one cycle of a light's wave, irrespective of a wavelength. Only having
exceeding of the indicated measurement accuracy of energy, it is possible to demonstrate absence or presence of
\tired" light directly in experiment. But in case of the state Universe it is possible to test this hypothesis by the
obtained exponential dependence between redshift and distance up to a source.

1. Introduction

In [2, p. 487] is given the de�nition of the term \red-
shift", as a wavelength increasing (�) of a monochro-
matic spectrum component of a radiation source in an
observer's frame of reference as compared with wave-
length (�0 ) of this component in its own frame of ref-
erence. Also there are given two facts:

A. Parameter of redshift z=(� � �0)=�0 does not
depend on a wavelength. It con�rms by measurements
of Doppler e�ect and gravitational redshift.

B. The Hubble Law is approximately linear depen-
dence of a cosmological zc from distance D up to far
galaxies and clusters: zc � (H=c)D , where H is so-
called Hubble parameter (H0 is the Hubble constant,
the value of the Hubble parameter in our time).

Thus, the cosmological \redshift" that is consid-
ered in this article, is a wavelength increasing (�) of
a monochromatic spectrum component of a radiation
source in a observer's frame of reference as compared
with wavelength (�0 ) of this component in its own
frame of reference, at which one parameter of shift
z = (���0)=�0 does not depends on a wavelength and
depends on distance D up to far galaxies and clusters.

The hypothesis of a \tired light" is the assumption,
that in our frame of reference the energy of a photon
should decrease at increasing of covered distance.

Let's consider light, as a wave of an electromag-
netic �eld (EMF). The wave EMF is a series cyclical
transformation of electrical and magnetic �elds one in-
to another. : Inside each quarter wave segment between
zeroes of �elds there is an independent periodic trans-
ferring of electrical energy in magnetic one and back [3,
item \Electromagnetic oscillations"]. In other words,

1e-mail: redshift0@narod.ru

the wave EMF can be esteemed as cyclical transferring
process of one kind energy into another. The process
is exactly cyclical - sequence of events of this process
repeats. For a concreteness we would considering two
successive half-of-cycle between zero points of electri-
cal tension as a cycle of a wave EMF. Here is used the
concept of a wave EMF cycle (it underlines a repeti-
tion of an energy transformation processes, instead of
a wave period concept, because this term means inter-
val of time, which one in our case is not a constant
furthermore.

In the article an exponential law for changing energy
of light is concluded for the Stationary Universe model
by virtue of the facts A and B, whence in turn the
hypothesis of a \tired light" and constancy of photon
energy loss value on one cycle of a light's wave follow.

Then for the Stationary Universe model from a
constancy of photon energy loss value on one cycle of
a light's waves the conclusion of exponential law of
change of energy of light and facts A and B is demon-
strated.

2. The light \tires" in the Stationary
Universe

Let's consider parameter of redshift for a far object in
the Stationary Universe model.

z = (�� �0) =�0 = �=�0 � 1:

It does not depend on a wavelength, depends on
distance R that light passed (due to the factsA andB),
and does not depend on time and place of light emission
(due to the stationarity). Let's designate this relation
as �=�0 = F (R). Now we shall place an observer N
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between motionless source and motionless receiver. He
shall watch a transmitted light on a wavelength �N ,
that is distinguished from � and �0 due to dependence
of the observed frequency from distance. That is we
shall divide a ray's path R on two sections: the path
from the source to the observer RNE and path from the
observer to the receiver R0N , (R = RNE +R0N ), also
next relation is executed �N=�E = F (RNE ), �0=�N =
F (R0N ).

Thus, the function from the sum of two parameters
is equal to product of functions from these items

F (RNE +R0N ) = F (R) = �=�0 =

= (�N=�0) (�=�N ) = F (RNE)F (R0N) :

Such property has the exponent: F (R) = eR=Ch ,
where Ch is some parameter. We receive:

�(R) = �0 eR=Ch | dependence of a wavelength;

�(R) = c=�(R) = �0 e�R=Ch | dependence of a
frequency of wave;

E(R) = �(R)h = E0 e�R=Ch | dependence of an
photon energy.

It should be carry out for satisfaction of these for-
mulas to the fact B Ch = c=H0 , where H0 = 58 km
/(sec �Mpc) is the Hubble constant, so Ch = 17 � 109
l.y.

Let's remark, that the energy of a photon under
these formulas should decrease at the increasing of cov-
ered distance. That is, the hypothesis the \tired light"
is obtained.

Now we shall put R = �0 in the formula for energy
of a photon. We receive a photon energy loss value
on one cycle of a light's wave (for �0 << Ch , that is
practically always):

" = Eloss (R = �0) = E0

�
1� "�P=Ch

�
=

= h�0 (1� (1� �0=Ch)) = h�0�0=Ch = hH0:

Thus, the value of photon energy loss on one cycle
of a light's wave is constant.

3. The calculation of the value of
photon energy loss, if it is constant

Let's show, that for a constant energy loss on a cycle
the facts A and B are executed.

Let's designate of photon energy loss value on one
cycle of a light's wave as " , energy of a photon after
n cycles | En , �n | frequency, �n | wavelength
for En . Then E0 | initial energy of a photon, �0 |

initial frequency, �0 | initial wavelength. They are
connected among themselves by formula:

E0 = h � �0 = h � c=�0; (1)

where h is the Planck's constants.
And energy En of a photon after n of cycles, �n

is frequency, �n is wavelength are connected by the
formula:

En = h � �n = h � c=�n = E0 � n � ": (2)

Thus, quantity of transformation EMF cycles for a
photon is �nite.

The remainder of energy after last cycle has value
smaller than " . If this remainder is more than 0, it
means, that there is an object EMF, that has no prop-
erty of a wave. Therefore, the value of energy E0 divide
by " . At the same time if we suppose, that the energy
of a wave after last cycle is equal to 0, we shall receive,
that last frequency is equal to 0, and last wavelength
is equal to perpetuity. Therefore it is necessary to call
a condition of a wave EMF when its energy becomes
equal e as last cycle. After that the electromagnetic
wave dissolves, disappears as object. From these rea-
soning follows, what for a photon with initial energy E0

the maximumnumber of cycles Nmax makes expression
(E0 � ")=" , or

Nmax + 1 = E0=" = h � �0=": (3)

For a photon with initial energy E0 , its life time
Tmax makes

Tmax =
NmaxX
n=1

tn; (4)

where tn is time of n-th cycle EMF.

tn = 1=�n = h= (E0 � n � ") =
= (h=") = (Nmax + 1� n) : (5)

Whence follows, that the life time of a photon Tmax

makes

Tmax =
NmaxX
n=1

tn = (h=")
NmaxX
n=1

(Nmax + 1� n)�1 =

= (h=")
NmaxX
n=1

n�1 (6)

or

Tmax (E0) � (h=") (C + ln (Nmax + 1)) =

= (h=") (C + ln (E0=")) ; (7)

where C approximately equal 0.5.
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Thus life time of a photon is �nite.
Let's de�ne, in what time after radiation T the en-

ergy of a photon becomes equal En . For this purpose
time Tmax(En) we shall deduct from time Tmax(E0):

T = Tmax (E0) � Tmax (En) = (h=") ln (E0=En) : (8)

Having designated energy of a photon in this mo-
ment E(T ), we receive the formula

T = (h=") ln (E0=E (T )) : (9)

And for expression of the photon energy as function
of time after radiation we receive a formula

E (T ) = E0 e
�T"=h: (10)

By taking into account that distance covered by a
photon during time T is equal in the Stationary Uni-
verse R = cT , we receive the formulas of dependence
on distance of energy E(R), frequency �(R) and wave-
length �(R):

E (R) = E0 e
�R"=ch;

� (R) = E (R) =h = �0 e
�P"=ch; (11)

� (R) = �0 e
�R"=ch:

Accordingly, the formula of dependence of redshift
from distance looks like

z = (�� �0) =�0 = eR"=ch � 1: (12)

Thus, the redshift of a frequency spectrum
from one source is identical to all frequencies!

In the Hubble law V = R �H0 for small distances
the speed of object V is considered equal V = z � c . As
for small distances redshift is z = eRe=ch� 1 = Re=ch ,
we receive expression for the Hubble constant:

H0 = "=h: (13)

Thus, the formula of energy loss looks like:

" = h �H0: (14)

We see that the lost energy on one cycle of a wave
EMF transformation is proportional to the Hubble con-
stant.

And, by analogy with a Planck formula for a quan-
tum of light energy E = h � � , it is possible to call
a constant H0 | as Hubble frequency, and " | as
the Hubble quantum, the Subquantum or the Plank-
Hubble constant.

For value of a Hubble constant H0 = 58 kms/
(sec �Mpc) is received

" = 1:2 � 10�51 kg �m2 � sec�2 = 7:4 � 10�33 eV:

Because of a small value of this energy it is possible
also to call it as a quantum of energy of 2 order.

On 1 meter of vacuum a part of energy loss of light
makes

z = R"=ch = 6 � 10�27;

That not yet possible for measurement, therefore till
now it is considered that the energy loss in waves EMF
is absent.

Let's write once more the formula for the life time
of a photon with allowance for values of "

Tmax (E0) = H�1 (1=2� ln (hH) + lnE0) ;
Tmax (�0) = H�1 (1=2� lnH + ln�0) :

(15)

which for light with a 500 nm wavelength makes ap-
proximately 1:33 � 1012 years.

The energy loss of a photon practically is propor-
tional to the distance covered by it up to value 1 billion
light years (6% of the Hubble length).

Frequency � of a photon on the distance R up to
a source depends from initial frequency of a photon �0
under the formula:

� = �0 e
�R=ch; (16)

where Ch = c=H0 = 17 � 109 l.y. is the Hubble length ;
H0 = 58 kms/(sec �Mpc) is the Hubble constant.

4. Additional reasoning for a \tired
light"

Why the perpetuum mobile | ideal cyclical convert-
er of energy is impossible? Energy losses is cause of
absence its \eternity". Any actual cyclical process of
the energy transformation is not endless. In the na-
ture there is no perpetuum mobile, i.e. absolute cycli-
cal transfer of energy (without waste of energy of that
kind, which one is used in cyclical process). Even nucle-
ar forces weaken with the time, owing to what we notice
a half-life period. Why the waves EMF should be ex-
ception? Furthermore, the some sorts of decreasing of
waves EMF energy are known (gravitational redshift,
separation of a photon on a parts).

From the fact of existence a cosmological \redshift"
follows, that in our frame of reference a frequency and
an energy of a wave EMF are decreased during the time
its traveling.

The energy loss should be distributed on cycles of
the wave. That is, on each cycle there should be an
energy loss. Otherwise, if on adjacent cycles there are
not conterminous sequences of events, it are not cycles.

Let's consider one photon. By virtue of dualism
it is possible to consider, that it has properties of a
wave - frequency, period and wavelength. Its quantum
and wave properties are tied by the Planck formula:
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E = h � � , where E is energy of a photon, � is its
frequency. The frequency is quantity of cycles in a unit
of time.

Let's remark, that formally the same quantity of
energy is on one cycle of this wave and is not dependent
on energy of a photon. The same quantity of energy is
on one cycle of a wave of any photon, irrespective of its
frequency. For this reason the value of energy, lost by
a photon, (on a cycle) also is constant.

5. Conclusions

1. The urgency of \tired" light is proved for the
Stationary Universe model and the value of energy loss
of a photon on one cycle of a light's wave is constant.

2. The formulas for a life time of a photon and
dependence of its energy from covered distance are ob-
tained also.

3. The view on the Hubble parameter as a frequency
is o�ered.

4. The most surprising conclusion is received if to
look at the formula of energy loss from other point of
view. Energy = " = hH (where h is the Planck's con-
stants, H is the Hubble constant) is value of energy
losses of a photon on one cycle of a light's wave is not
dependent on a wavelength! Therefore, it is a glob-
al physical constant! The Hubble constant has linked
Macrocosms and microcosms.

5. The value of photon energy loss on one cycle
of a light's wave is obtained. (for value of a Hubble
constant H = 58 kms/(sec �Mpc): " = 7:4 � 10�33 eV.
The constancy of this loss suggests about existence of
stable particles with mass approximately 10�69 kg. It
demonstrates importance of research not only super-
large energies, but also supersmall.

6. On 1 meter of vacuum a part of energy loss of
light makes z = 6 � 10�27 , that not yet possible for
measurement, therefore till now it is considered that
the energy loss in waves EMF is absent.

7. It is possible to test the hypothesis of the Station-
ary Universe model by the obtained relation between
redshift and distance up to a source. But for this pur-
pose it is necessary to receive estimations of distances
up to far galaxies by a way which is not dependent on
model by the Universe, or way for concrete (Stationary)
model of the Universe.

8. Because of the equal contribution of electrical
and magnetic component into energy of a wave EMF,
and that during one cycle there are 4 power transmis-
sions between electrical and magnetic �eld, probably
it is necessary to consider of energy loss for each such
transformation at "=4.

Figure 1: Magnitude - Redshift Relation among Low- and
High-Redshift Supernovae

Appendix

The values all 60 magnitudes taken from the Table 1
are indicated on the Figure 1. The shift of these values
on FF = meffective

B �5�lg (ln (z + 1))�6:167�lg (z + 1)
gives a constant 24.00.

The value that remains constant during billions of
light years is worthy of the most intent attention.
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Table 1: The data about 60 Supernovae used by Perlmutter in his paper [5].
(Last two columns are added by me | A. Chepick)

SN z �z m
peak
X �

peak
X AX KBX m

peak
B m

effective
B �

effective
B ln (1 + z) FF

1992P 0.026 0.002 16.130 0.030 0.120 -0.010 16.020 16.080 0.240 0.026 23.964
1992al 0.014 0.002 14.600 0.010 0.130 -0.010 14.480 14.470 0.230 0.014 23.717
1992bc 0.020 0.002 15.200 0.010 0.070 -0.010 15.130 15.180 0.200 0.020 23.643
1992bo 0.018 0.002 15.850 0.020 0.110 -0.010 15.750 15.610 0.210 0.018 24.305
1990O 0.030 0.002 16.620 0.030 0.390 0.000 16.230 16.260 0.200 0.030 23.827
1992ag 0.026 0.002 16.590 0.040 0.380 -0.010 16.220 16.280 0.200 0.026 24.164
1992bg 0.036 0.002 17.410 0.070 0.770 0.000 16.630 16.660 0.210 0.035 23.822
1992bl 0.043 0.002 17.310 0.070 0.040 0.010 17.260 17.190 0.180 0.042 23.956
1993O 0.052 0.002 17.830 0.010 0.250 0.010 17.580 17.540 0.180 0.051 23.879
1992bh 0.045 0.002 17.670 0.040 0.100 0.010 17.560 17.610 0.190 0.044 24.274
1990af 0.050 0.002 17.920 0.010 0.160 0.010 17.750 17.630 0.180 0.049 24.058
1993ag 0.050 0.002 18.290 0.020 0.560 0.010 17.710 17.690 0.200 0.049 24.118
1992bs 0.063 0.002 18.360 0.050 0.090 0.030 18.240 18.240 0.180 0.061 24.146
1992bp 0.079 0.002 18.550 0.020 0.210 0.040 18.300 18.270 0.180 0.076 23.661
1993B 0.071 0.002 18.680 0.080 0.310 0.030 18.340 18.330 0.200 0.069 23.965
1992ae 0.075 0.002 18.610 0.120 0.150 0.030 18.430 18.430 0.200 0.072 23.940
1992aq 0.101 0.002 19.290 0.120 0.050 0.050 19.190 19.160 0.230 0.096 23.986
1992br 0.088 0.002 19.710 0.070 0.120 0.040 19.540 19.280 0.180 0.084 24.424
1992bi 0.458 0.001 22.120 0.100 0.030 -0.720 22.810 23.110 0.460 0.377 24.218
1994F 0.354 0.001 22.080 0.100 0.110 -0.580 22.550 22.380 0.330 0.303 24.161
1994G 0.425 0.001 21.520 0.210 0.030 -0.680 22.170 22.130 0.490 0.354 23.435
1994H 0.374 0.001 21.280 0.060 0.100 -0.610 21.790 21.720 0.220 0.318 23.359
1994al 0.420 0.001 22.370 0.060 0.420 -0.680 22.630 22.550 0.250 0.351 23.886
1994am 0.372 0.001 21.820 0.070 0.100 -0.610 22.320 22.260 0.200 0.316 23.913
1994an 0.378 0.001 22.140 0.080 0.210 -0.620 22.550 22.580 0.370 0.321 24.191
1995aq 0.453 0.001 22.600 0.070 0.070 -0.710 23.240 23.170 0.250 0.374 24.307
1995ar 0.465 0.005 22.710 0.040 0.070 -0.710 23.350 23.330 0.300 0.382 24.398
1995as 0.498 0.001 23.020 0.070 0.070 -0.710 23.660 23.710 0.250 0.404 24.595
1995at 0.655 0.001 22.620 0.030 0.070 -0.660 23.210 23.270 0.210 0.504 23.409
1995aw 0.400 0.030 21.750 0.030 0.120 -0.650 22.270 22.360 0.190 0.336 23.824
1995ax 0.615 0.001 22.530 0.070 0.110 -0.670 23.100 23.190 0.250 0.479 23.503
1995ay 0.480 0.001 22.640 0.040 0.350 -0.720 23.000 22.960 0.240 0.392 23.943
1995az 0.450 0.001 22.440 0.070 0.610 -0.710 22.530 22.510 0.230 0.372 23.665
1995ba 0.388 0.001 22.080 0.040 0.060 -0.630 22.660 22.650 0.200 0.328 24.193
1996cf 0.570 0.010 22.700 0.030 0.130 -0.680 23.250 23.270 0.220 0.451 23.791
1996cg 0.490 0.010 22.460 0.030 0.110 -0.720 23.060 23.100 0.200 0.399 24.028
1996ci 0.495 0.001 22.190 0.030 0.090 -0.710 22.820 22.830 0.190 0.402 23.731
1996ck 0.656 0.001 23.080 0.070 0.130 -0.660 23.620 23.570 0.280 0.504 23.705
1996cl 0.828 0.001 23.530 0.100 0.180 -1.220 24.580 24.650 0.540 0.603 24.132
1996cm 0.450 0.010 22.660 0.070 0.150 -0.710 23.220 23.170 0.230 0.372 24.325
1996cn 0.430 0.010 22.580 0.030 0.080 -0.690 23.190 23.130 0.220 0.358 24.405
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Table 1: Continuation

SN z �z m
peak
X �

peak
X AX KBX m

peak
B m

effective
B �

effective
B ln (1 + z) FF

1997F 0.580 0.001 22.900 0.060 0.130 -0.680 23.450 23.460 0.230 0.457 23.933
1997G 0.763 0.001 23.560 0.410 0.200 -1.130 24.490 24.470 0.530 0.567 24.183
1997H 0.526 0.001 22.680 0.050 0.160 -0.700 23.210 23.150 0.200 0.423 23.888
1997I 0.172 0.001 20.040 0.020 0.160 -0.330 20.200 20.170 0.180 0.159 23.742
1997J 0.619 0.001 23.250 0.080 0.130 -0.670 23.800 23.800 0.280 0.482 24.095
1997K 0.592 0.001 23.730 0.100 0.070 -0.670 24.330 24.420 0.370 0.465 24.837
1997L 0.550 0.010 22.930 0.050 0.080 -0.690 23.530 23.510 0.250 0.438 24.128
1997N 0.180 0.001 20.190 0.010 0.100 -0.340 20.420 20.430 0.170 0.166 23.893
1997O 0.374 0.001 22.970 0.070 0.090 -0.610 23.500 23.520 0.240 0.318 25.159
1997P 0.472 0.001 22.520 0.040 0.100 -0.720 23.140 23.110 0.190 0.387 24.138
1997Q 0.430 0.010 22.010 0.030 0.090 -0.690 22.600 22.570 0.180 0.358 23.845
1997R 0.657 0.001 23.280 0.050 0.110 -0.660 23.830 23.830 0.230 0.505 23.961
1997S 0.612 0.001 23.030 0.050 0.110 -0.670 23.590 23.690 0.210 0.477 24.016
1997ac 0.320 0.010 21.380 0.030 0.090 -0.550 21.830 21.860 0.180 0.278 23.899
1997af 0.579 0.001 22.960 0.070 0.090 -0.680 23.540 23.480 0.220 0.457 23.958
1997ai 0.450 0.010 22.250 0.050 0.140 -0.710 22.810 22.830 0.300 0.372 23.985
1997aj 0.581 0.001 22.550 0.060 0.110 -0.680 23.120 23.090 0.220 0.458 23.559
1997am 0.416 0.001 21.970 0.030 0.110 -0.670 22.520 22.570 0.200 0.348 23.932
1997ap 0.830 0.010 23.200 0.070 0.130 -1.230 24.300 24.320 0.220 0.604 23.795
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Maxwell's equations comprise both electromagnetic and gravitational �elds. The transverse part of the vector
potential belongs to magnetism, the longitudinal one is concerned with gravitation. The Coulomb gauge indicates
that longitudinal components of the �elds propagate instantaneously. The delta-function singularity of the �eld
of the divergence of the vector potential, referred to as the dilatation center, represents an elementary agent of
gravitation. Viewing a particle as a source or a scattering center of the point dilatation, the Newton's gravitation
law can be reproduced.

1. Maxwell's equations in the
Kelvin-Helmholtz representation

The general form of Maxwell's equations is given by

1

c

@A

@t
+ E +r' = 0 ; (1.1)

@E

@t
� cr�r�A+ 4�j = 0 ; (1.2)

r�E = 4�� : (1.3)

The Helmholtz theorem: a vanishing at in�nity vec-
tor �eld u can be expanded into the sum of solenoidal
ur and potential ug components. We have for the elec-
tric �eld:

E = Er + Eg ; (1.4)

where

r �Er = 0 ; (1.5)

r� Eg = 0 : (1.6)

The respective expansion for the vector potential
can be written as

A = Ar +
c

cg
Ag ; (1.7)

where

r�Ar = 0 ; (1.8)

r�Ag = 0 ; (1.9)

1e-mail: dmitr@cc.nifhi.ac.ru

and cg is a constant. Substitute (1.4) and (1.7) into
(1.1):

1

c

@Ar

@t
+ Er +

1

cg

@Ag

@t
+Eg +r' = 0 : (1.10)

Taking the curl of (1.10), we get through (1.6) and
(1.9)

r�
�
1

c

@Ar

@t
+ Er

�
= 0 : (1.11)

On the other hand, by (1.5) and (1.8) we have

r �
�
1

c

@Ar

@t
+Er

�
= 0 : (1.12)

If the divergence and curl of a �eld equal to zero,
then the very �eld is vanishing. Hence (1.11) and (1.12)
imply that

1

c

@Ar

@t
+Er = 0 : (1.13)

Subtracting (1.13) from (1.10) we get also

1

cg

@Ag

@t
+Eg +r' = 0 : (1.14)

Similarly, expanding as well the density of the cur-
rent

j = jr + jg ; (1.15)

r� jr = 0 ; (1.16)

r� jg = 0 ; (1.17)

(1.2) can be broken up in two equations

@Er

@t
� cr�r�Ar + 4�jr = 0 ; (1.18)
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@Eg

@t
+ 4�jg = 0 : (1.19)

Through (1.4) and (1.5) equation (1.3) will be

r �Eg = 4�� : (1.20)

2. Wave equations

Let us derive from (1.13), (1.14), (1.18), (1.19) and
(1.20) the wave equations for the solenoidal (transverse)
and potential (longitudinal) components of the �elds.
In what follows we will use the general vector relation

r (r �u) = r2u+r�r� u : (2.1)

The wave equation for Ar can be found thus. Dif-
ferentiate (1.13) with respect to time:

1

c

@2Ar

@t2
+
@Er

@t
= 0 : (2.2)

Substitute (1.18) into (2.2). With the account of
(2.1) we get

@2Ar

@t2
� c2r2Ar = 4�cjr : (2.3)

The wave equation for Er can be found as follows.
Di�erentiate (1.18) with respect to time

@2Er

@t2
� cr�r� @Ar

@t
+ 4�

@jr
@t

= 0 : (2.4)

Substitute (1.13) into (2.4). With the account of
(2.1) we get

@2Er

@t2
� c2r2Er = � 4�c@tjr : (2.5)

In order to �nd the wave equations for the potential
�elds we need a gauge relation. Let us postulate for
the potential part of the vector potential the speci�c
Lorentz gauge

r�Ag +
1

cg

@'

@t
= 0 ; (2.6)

where in general cg 6= c .
The solenoidal part of the vector potential meets au-

tomatically the Coulomb gauge (1.8). The wave equa-
tion for Ag can be found as follows. Di�erentiate (1.14)
with respect to time:

1

cg

@2Ag

@t2
+
@Eg

@t
+
@r'
@t

= 0 : (2.7)

Take the gradient of (2.6):

r (r�Ag) +
1

cg
r@'

@t
= 0 : (2.8)

Combine (2.7), (2.8) and (1.19). With the account
of (2.1) we get

@2Ag

@t2
� c2gr2Ag = 4�cgjg : (2.9)

Next, we will �nd the wave equation for ' . Take
the divergence of (1.14):

1

cg

@r�Ag

@t
+r�Eg +r2' = 0 : (2.10)

Combine (2.10), (2.6) and (1.20):

@2'

@t2
� c2gr2' = 4�c2g� : (2.11)

The wave equation for Eg we will �nd from the wave
equations of Ag and ' , using (1.14). Di�erentiate (2.9)
with respect to time

@2

@t2
@Ag

@t
� c2gr2@Ag

@t
= 4�cg

@jg
@t

: (2.12)

Take the gradient of (2.11)

@2r'
@t2

� c2gr2r' = 4�c2gr� : (2.13)

Summing (2.12) and (2.13), we get with the account
of (1.14)

@2Eg

@t2
� c2gr2Eg = � 4�

�
c2gr� +

@jg
@t

�
: (2.14)

Thus, Maxwell's equations (1.1)-(1.3) with the spe-
ci�c Lorentz gauge (2.6) imply that the solenoidal and
potential components of the �elds propagate with dif-
ferent velocities. Solenoidal components propagate
with the speed c of light. Their wave equations are
(2.3) and (2.5). Potential components and the electro-
static potential propagate with a speed cg . Their wave
equations are (2.9), (2.11) and (2.14).

3. Quasielasticity

Equations (2.3) and (2.9) have the character of the elas-
tic equations. In this connection, the vector potential
A can be correspondent[1] with a certain displacement
�eld s , and the density j of the current { with the den-
sity f of an external force . The gauge relation (2.6) is
interpreted as a linearized continuity equation, in which
the constant cg has directly the meaning of the speed of
an expansion-contraction wave [2]. We are interested in
the interaction of two external forces f1 and f2 , which
produce elastic �elds s1 and s2 , respectively. The en-
ergy of the elastic interaction is given by the general
relation

U12 = � &

Z
f1 � s2d3x = � &

Z
f2 � s1d3x ; (3.1)
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where the sign minus in (3.1) corresponds to conditions
of the Clapeyron theorem [3], & is a constant.

The energy of the static interaction can be found
substituting into (3.1)

s � 1

c
A ; (3.2)

f � 4�cj ; (3.3)

& � 1

4�c
: (3.4)

We have for the transverse interaction

Ur = �1

c

Z
jr �Ard

3x : (3.5)

Suppose that

cg >> c : (3.6)

Then, through (1.7) relations (2.6) and (1.8) turn
to the Coulomb gauge

r�A = 0 : (3.7)

We have according to (1.16) and (1.17)

jr = r�R; jg = rG ; (3.8)

where R and G are vector and scalar �elds.
Using (1.15), (3.8), (3.7), (1.7) and (1.9) take the

following integral by parts:Z
j �Ad3x =

Z
(jr +rG) �Ad3x =

Z
jr �Ad3x

=

Z
(r�R) � (Ar + cAg=cg)d

3x =

Z
jr �Ard

3x : (3.9)

From (3.9) and (3.5) we get the regular expression
for the energy of magnetostatic interaction

Ur = � 1

c

Z
j �Ad3x : (3.10)

Elementary sources of the magnetic �eld correspond
to the two forms of the external force density f (3.3).
The point force at x0 :

f = 4�cqv� (x � x0) ; (3.11)

and the torsion center at x0 :

fr = 4�car� [�� (x� x0)] ; (3.12)

where qv and a� are constant vectors, j�j = 1.
They describe a moving electric charge and a point

magnetic dipole, respectively [1]. Substituting (3.11)
and (3.12) into the right-hand part of the equation
(2.3) we can �nd the �elds A produced by these forces.
Then, substituting these �elds into (3.10) and (3.5), we

arrive at the well-known expressions for the interaction
energies of electric currents and point magnetic dipoles.

The elementary source of the longitudinal part Ag

of the vector potential is given by the density of the
external force of the form

fg = � 4�cgbr� (x� x0) ; (3.13)

where b is the strength of the dilatation center (3.13)
[4].

Substitute (3.13) into the right-hand part of the
static variant of the equation (2.9):

cgr2Ag = 4�br� (x � x0) : (3.14)

With the account of (2.1) and (1.9) we get from
(3.14)

cgr�Ag = 4�b� (x � x0) : (3.15)

Following (3.1)-(3.4) we have for the energy of lon-
gitudinal interaction:

Ug = � 1

cg

Z
jg �Agd

3x : (3.16)

Substitute (3.13) with the account of (3.3) into
(3.16):

U12 =
b1
cg

Z
r� (x� x1) �A2d

3x =

= � b1
cg

Z
� (x � x1)r�A2d

3x : (3.17)

Substituting (3.15) into (3.17), we get

U12 = � 4�b1b2
c2g

Z
� (x� x1) � (x� x2)d

3x (3.18)

= � 4�b1b2
c2g

� (x1 � x2) : (3.19)

Expression (3.19) implies, that two dilatation cen-
ters (3.15) interact with each other only if they are in
a direct contact. The sign of (3.18), or (3.19), indicates
that this is the attraction.

Take notice that solenoidal and potential �elds are
orthogonal to each other in the sense of (3.1). Indeed,
using (3.8), (1.8) and (1.9), we �nd thatZ

jg �Ard
3x =

Z
rG �Ard

3x =

= �
Z

Gr�Ard
3x = 0 ; (3.20)

Z
jr �Agd

3x =

Z
r�R �Agd

3x =

=

Z
R � r�Agd

3x = 0 : (3.21)
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4. Gravitation

We consider dilatation centers distributed with the vol-
ume density bp (x). Then equation (3.15) becomes

cgr �Ag = 4�bp (x) : (4.1)

The interaction energy of the two clusters, or clouds,
of dilatation centers can be found substituting delta-
functions in (3.18) by the reduced densities p (x) of the
distributions. This gives

U12 = � 4�b1b2
c2g

Z
p1 (x) p2 (x)d

3x : (4.2)

Consider a weak source at x� , which emits dilata-
tion centers with a su�ciently high linear velocity �g .
Such a source will create a quick-formed stationary dis-
tribution of the point dilatation with the reduced den-
sity

p (x) =
g

4��g (x � x�) 2
; (4.3)

where g is a universal constant.
Substituting (4.3) into (4.2), we �nd the interaction

energy for two sources of the point dilatation

U12 = � g2b1b2
4�c2g�

2
g

Z
d3x

(x � x1)
2 (x� x2)

2 =

= � �2g2

4c2g�2g

b1b2
jx1 � x2j : (4.4)

We will assume that each particle is a weak source
of the point dilatation (3.15) or a scattering center in
a dynamic sea of the point dilatation, the strength b
of the source being proportional to the particle's mass.
Then relation (4.4) will be a model of the Newton's law
of gravitation.

Notice that in the model thus constructed we must
distinguish the speed �g , with which the gravitation-
al interaction is transmitted, and the speed cg of the
longitudinal wave. The latter can be interpreted as the
gravitational wave.

Thus, gravitation enters into the general structure
of Maxwell's equations. A gravitating center is formally
modeled by a potential component of the current having
the form

jg = � gb

4��g
r 1

(x � x�)2
: (4.5)

And the gravitational interaction is calculated by
means of the general relation (3.16), where the longitu-
dinal component Ag of the vector potential is found
substituting (4.5) into the longitudinal part (2.9) of
Maxwell's equations.

5. Conclusion

Maxwell's equations (1.1)-(1.3) describe both electro-
magnetic and gravitational �elds. The transverse part
of the vector potential belongs to magnetism, and lon-
gitudinal one is concerned with gravitation. Transverse
�elds propagate with the speed of light. The Coulomb
gauge (3.7) indicates that longitudinal waves propa-
gate in e�ect instantaneously, comparing with trans-
verse waves. Choosing properly expressions for the cur-
rent density, magnetic and gravitational interactions
can be modeled. An elementary agent of the gravi-
tational interaction corresponds to the dilaton, which
is a delta-function singularity (3.15) of the �eld of the
divergence of the vector potential . The sources of lon-
gitudinal and transverse �elds do not interact with each
other. This signi�es that gravitation can not be detect-
ed with the aid of light.

In the end it should be noted that some of the
questions considered here and in [1] were recently ap-
proached in [5].
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Based on the model of Expansive Nondecelerative Universe, the aim of the present contribution is to contribute to
the theoretical rationalization of some experiments, in particular of those performed by Podkletnov and de Aquino
and devoted to the gravitational mass cessation, to o�er a mechanistic explanation of the Solar corona heating, and
to propose an experiment to verify the explanation of the heating in the Earth conditions.

1. Introduction

Among the problems of current physics, issues concern-
ing gravity are still ranked in \top ten". Theoretical
approaches focused on elaboration of a theory of quan-
tum gravitation unifying all four (or more?) fundamen-
tal forces are in progress, successful completion of the
theory seems to be, however, far beyond the horizon.
Simultaneously with theoretical attempts (for a gener-
al survey, see [1]), experiments aimed at inuencing the
gravitational mass by other forces have been developed
and tentatively explained [2-8]. The gravity has pene-
trated also into chemistry as manifested by space-craft
experiments (preparation of compounds, alloys or mix-
tures that, due to the gravitational force acting at the
Earth, cannot be prepared in the Earth conditions) as
well as by a newly elaborated rationalization of some
quantum chemical e�ects [9-10].

A carefull inspection of the contributions devoted
to experiments involving gravitational e�ects [2-7] may
lead the reader to a conclusion on the necessity to intro-
duce a theoretical approach di�erent of those applied in
the original papers. It concerns, namely, an approach
based on the general theory of relativity and bene�ting
from the ability to localize and quantify the gravita-
tional energy. The Expansive Nondecelerative Universe
(ENU) model [8,11-13] satis�es the above requirements.
The purpose of the present contribution is to contribute
to the rationalization of some experiments, in particular
of those performed by Podkletnov [2-4] and de Aquino
[5-7], to o�er a mechanistic explanation of the Solar
corona heating, and to propose an experiment enabling

1e-mail: sukenik@minv.sk
2e-mail: sima@chtf.stuba.sk

to verify the explanation in the Earth conditions.

2. Podkletnov's phenomenon

In the papers by Podkletnov [2-4] a detection of an
anomalous force originating at a high-voltage discharge
directed from a superconductive emitter to a target
electrode is described. The e�ect has been attributed
to forces of gravitational nature. At the Podkletnov's
experiments, the following conditions were applied: the
discharge time was 10�5 to 10�4 s, the current peak
value at the discharge was of the order 104 A, the volt-
age varied from 500 kV to 2 MV, the interelectrode
distance ranged from 15 cm to 2 m, the total charge of
the emitter was about 0.1 C, and the discharge energy
approached 105 J. The formed gravitational impulse
propagated as a coherent beam in the same direction
as the discharge. It penetrates through di�erent me-
dia, apparently without any energy loss and caused a
deection of a 10 - 50 g pendulum. The energy of the
deection was independent on the pendulum material
and mass, and depended on the voltage only.

One of the possible explanations of the Podkletnov's
phenomenon was o�ered in [8]. At the Podkletnov's
experiments, a mean intensity of the electrostatic �eld
was

E �= 2:5� 106 V m�1; (1)

which corresponds to a mean energy density

"e �= 27 J m�3: (2)

As shown in [8], energy density of gravitational �eld at



Electromagnetic Inuence on Gravitational Mass... { Theory, Experiments, and Mechanism of the Solar Corona Heating119

the Earth surface is

j"gj = Rc4

8�G
=

3m(Earth)c
2

4�ar2(Earth)
= 24:29 J m�3; (3)

where R is the scalar curvature, a is the gauge factor,
m(Earth) and r(Earth) are the Earth mass and radius,
respectively. Based on (2) and (3) it follows

"e �= "g: (4)

The Earth gravitational �eld interferes with the
electrostatic �eld created in the Podkletnov's equip-
ment which leads to a local cessation of the gravitation-
al �eld. The corresponding deviation from the vertical
direction of the gravity causes the observed pendulum
deection. In [8] it was proved that the deection in
vertical direction, hv is described by

hv �= Q

g
; (5)

where g is the Earth surface gravitational acceleration
(9.80665 m s�2) and Q is the total charge of the emit-
ter.

3. Solar corona

The temperature pro�le of the Sun and its surround-
ings belongs still to the enigmas of physics. At the core
of the Sun, the temperature reaches about 15 million K
which is understandable since energy is created in the
Sun. Passing from the core to the surface the tempera-
ture decreases and at the Sun's surface it is about 5,500
K. Next part (outside of the chromosphere) is corona.
There is no source of energy, its temperature, however,
is extremely high (about 1 million K [14]). The ques-
tion is, what mechanism is applied at the corona heat-
ing, preserving thus its temperature? This part o�ers
a possible explanation.

The mean magnetic �eld intensity at the Sun's sur-
face is [15]

�H �= 102 A m�1 (6)

and during some processes the intensity may increase
in sunspots up to

Hmax
�= 105 A m�1: (7)

A magnetic �eld intensity with a density identical to
the gravitational energy density on the Sun's surface is
the critical density Hcrit reaching

Hcrit
�= 4� 104 A m�1; (8)

which corresponds to the critical magnetic induction

Bcrit
�= 5� 10�2 T: (9)

Interference of the gravitational and magnetic �elds
can lead to origination of a gravitational impulse that

can increase the kinetic energy of the particles forming
the Solar corona, i.e. its temperature. The mechanism
of the corona "heating" may be, therefore, similar to
that of the Podkletnov's phenomena. The di�erence is
that instead of pendulum and electrostatic discharge,
rather plasma particles and magnetic impulses are in
action, i.e.

3m(Sun)c
2

4�ar2(Sun)
=

B2
crit

2�o
: (10)

At the Podkletnov's experiments, along with a high
voltage, also a discharge must be created. Similarly, the
Sun's magnetic �eld with Bcrit must inuence on the
particles (electrons) and induce their precession with
the frequency

!e =
Bcrite

me
; (11)

where me is the electron mass. In order no avoid damp-
ing, the mentioned precession must equal to the plasma
frequency !pl [16] in a given region

!e = !pl =

�
e2ne(Sun)
"ome

�1=2

; (12)

where ne(Sun) denotes a concentration of the electrons
with a given precession frequency in a space.

In order the Podkletnov's phenomenon may occur,
a region with the concentration of the plasma electrons
of ne(Sun) must be just near the Sun surface where
at Bcrit given by (9) the electrons will have identical
precession and plasma frequencies. Based on (3){(5) it
follows

ne(Sun) =
3m(Sun)

2�mear2(Sun)

�= 1016 m�3: (13)

Experimental observation of the Sun and its envi-
ronment has brought an evidence that such a region
(the boundary of chromosphere and corona) really ex-
ists. Thus, just in this region, conditions for the corona
heating by the Podkletnov's phenomenon are satis�ed
(as a matter of fact, there is no other place where they
might exist).

4. A model experiment

The above conclusions on the conditions required to
heat the Solar corona may be experimentally veri�ed
in a laboratory. Here, such an experiment is suggested.
The gravitational energy density at the Earth surface
(24.29 J m�3 [8]) equals to magnetic �eld density when

Hcrit(Earth) = 7:000� 103 A m�1 (14)

or

Bcrit(Earth) = 8:796� 10�3 T: (15)
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Applying (13) to the conditions at the Earth surface
leads to the value of concentration of electrons in the
plasma with identical the plasma and electron preces-
sion frequencies

ne(Earth) �= 5:5� 1014 m�3: (16)

Such a concentration of free electrons is present in
a sample of hydrogen containing 3:9 � 1021 hydrogen
atoms in a cubic meter when being at the temperature
of 3000 K. This sample is exposed to a pulsing mag-
netic �eld with Bcrit given by (15). In the direction of
the magnetic poles, a second sample of hydrogen (room
temperature, concentration about 1020 in a cubic me-
ter) will be placed next to the �rst sample. After some
time of magnetic �eld pulsing, the temperature of the
second sample should increase. The temperature of the
control samples placed in other directions should be
preserved.

5. Rationalization of experiments
performed by de Aquino

Stemming from the special relativity theory and classi-
cal physics, de Aquino [17] discussed relations between
the inertial and gravitational masses. Using a very
detailed and precise mathematical treatment he mani-
fested that in the absence of electromagnetic �eld, the
masses are identical. In the presence of such a �eld, the
gravitational mass may be reduced or even nulli�ed.

In his experiment [5], de Aquino worked with dics-
shaped organic luminescent material. According to
quantum statistical mechanics, an average number of
photons forming the photon gas inside a luminescent
material is given as

�N(h�) =
�
exp(�e=�(h�)) � 1

��1
; (17)

where �e and �(h�) are the Compton wavelength of the
electron,

�e = 2:42� 10�12 m (18)

qand a mean wavelength of a photon emitted or ab-
sorbed by a luminescent material, respectively.

In the experiment, a material emitting blue light
with

�(h�) = 461 nm (19)

was used. The radiation output of the material is ex-
pressed as

P(h�) = �N(h�)h�
2 =

hc2

�2(h�)
�
exp((�e=�(h�)) � 1

� : (20)
Based on (18){(7) it can be calculated that for the ra-
diation of 461 nm wavelength

P(h�) �= 56 W: (21)

The ENU model provides a general relation [18] for the
gravitational output of a body with the mass m

jPgj = d

dt

Z
Rc4

8�G
dV =

mc2

tc
; (22)

where the present cosmological time calculated by the
ENU model is [12]

tc = 4:296� 1017 s: (23)

A general condition for the interference of the elec-
tromagnetic and gravitational �elds may be expressed
as

P(h�) = jPgj : (24)

Stemming from (7){(9), the ENU provides a total mass
of the electroluminescent disc

m(disc;calc)
�= 267 kg: (25)

In the de Aquino's experiment [5] the discs of a mass

m(disc;exp)
�= 264 kg (26)

were used. Thus, the ENU based calculated and exper-
imental masses coincide.

If both approaches are consistent, equation (8) can
be exploited to calculate a more precise value of the
cosmological time and such a calculation leads to

tc = 4:169� 1017] s = 1:32� 1010 years: (27)

At the same time, the above rationalization leads
to a conclusion on a time dependence of the vacuum
permittivity "o and permeability �o .

In the Podkletnov's experiments, the electromag-
netic �eld interferes with the Earth gravitational �eld.
In case of the experiments carried out by de Aquino, the
electromagnetic �eld interferes with the gravitational
�eld of a body.

Relation (9) is applicable also for the experiment [5]
with radiation of extra-low frequency (ELF) acting on
a ferromagnetic material. It this case it must hold

�RaI
2 =

mFec2

tc
; (28)

where Ra is the antenna impedance (116 m
), I is the
current (130 A), mFe is the mass of iron powder (29
kg). In such a case the absorption coe�cient is

� = 3:17� 10�3: (29)

For the iron powder used at the experiment, conduc-
tivity gradient � = 10 S m�1 , � = 75�o and for the
frequency 60 Hz, the skin layer thickness is

� =

�
2

!��

�0:5
�= 2:43 m: (30)

The thickness of the iron powder then must be

d = �� �= 8 mm; (31)
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which is in an excellent agreement with the experimen-
tal value.

The above mentioned ideas may be applied also in
the �eld of thermodynamics. In the centre of stars (e.g.
the Sun) the gravitational and radiation energies must
be balanced, i.e.����� 3m(Sun)c

2

4�ar2g(Sun)

����� =
4�SBT 4

(Sun)

c
; (32)

where rg(Sun) is the gravitational radius of the Sun
(�= 3� 103 m), �SB is the Stefan-Boltzmann constant
(5:67� 10�8 kg s�3 K�4), T(Sun) is the temperature
in the centre of the Sun. Relation (12) leads to

T(Sun) �= 1:5� 107 K; (33)

which is identical (within the degree of accuracy of
its estimation) to that published in various literature
sources [e.g. 19].

In one of the latest de Aquino's contributions [20],
changes in the gravitational mass of a body due to its
interaction with electromagnetic radiation of very low
frequency are described and measured. The used anten-
na was a half-wave dipole encapsulated in an iron sphere
(made from 99.95% iron, � = 5000�o , � = 1:03�107 S
m�1). The antenna impedance was 8:29�10�6 
 and
the 9.9 mHz radiation emitted by the antenna was com-
pletely absorbed by the iron along a critical thickness
0.110 m.

De Aquino mathematically predicted a dependence
of the iron sphere gravitational mass on current, and
experimentally proved that the total mass of the iron
sphere (inertial mass of 60.5 kg) is nulli�ed just at the
current of 8.51 A.

To rationalize this experiment case, instead of com-
parison of the outputs expressed by equation (9) rather
energies are to be related. The reason is a relatively
long time of radiation passage (about 16 s) through the
iron layer.

The gravitational energy density associated with a
60.5 kg iron sphere with a 0.110 m radius is

j"gj = 3mFec2

4�a�2
: (34)

An amount of the gravitational energy in the sphere is

jEgj = mFec2�

a
: (35)

At interference of the gravitational and electromagnetic
�elds of iron sphere, each iron atom absorbs the energy
h� and thus the total electromagnetic energy in the
iron sphere will be

E(h�) =
mFe

m(atom)
h�; (36)

where m(atom) is the mass of an iron atom. Identity of
(14) and (15) leads to

h� =
m(atom)c

2�

a
: (37)

Relation (37) is valid when the gauge factor

a = 1:399� 1026 m; (38)

which is in excellent agreement with its value calculated
using the ENU model [12]. This value corresponds to
the cosmological time

tc = 1:48� 1010 years: (39)

In this way, the de Aquino experiments and the
ENU model provide an interval of the cosmological time

tc = (1:32� 1:48)� 1010 years: (40)

In case of more experimental data available, the cos-
mological time can be calculated more precisely.

The above conclusions can be taken as a challenge
both for those planning and performing experiments
and those elaborating theoretical approaches. The giv-
en data manifest a mutual coherence of the Podklet-
nov's, de Aquino's and ours approaches. In addition,
they bring a clear evidence of the necessity to exploit
the general theory of relativity so as to understand and
rationalize experiments devoted to gravitational mass
changes.
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Explanations of dependence on distance both for the w -factor of an absolute magnitude Type Ia Supernovae curve,
and for till now not explained s -factor are given on the basis of the o�ered hypothesis about inequality of light's
speed in vacuum and supremum of the interaction speed of a matter.

1. Introduction

In \The Field Theory" by Landauh, Lifshits in the
paragraph \Speed of interaction distribution" it is told:
\Speed of interaction distribution is a universal con-
stant. This constant speed is, as it will be shown fur-
ther, the speed of light traveling in emptiness simulta-
neously... Association of the relativity principle with
�niteness of the interaction speed refers to as the rela-
tivity principle of Einstein".

It is appeared in experiments that speed of light
in vacuum and a constant of interaction speed (in
Lorentz's transformations) are close. The measure-
ment accuracy of the speed of light (in experiments
with long-basic interferometers and Cherenkov radia-
tion) makes up some decimeters per second, that is
10�9 c.

It is necessary to note that in those experiments on-
ly the speed of distribution of an electromagnetic inter-
action was checked. Other kinds of matter interaction
were not checked. Therefore for generalization of all
kinds of interaction speeds it is necessary to consider
supremum of interaction speed.

Let's designate through \cL" a value of supremum
to distinguish it from \c" - value of the speed of light.

Einstein has acted very superbly, having postulated
a constancy of light's speed. Because both the proof
to this, and the contradiction to this it is practical-
ly impossible to �nd. The Postulation of a light's
speed constancy is known: \Speed of light in vacu-
um in all inertial systems of reference (ISR) is identi-
cal and does not depend on speed of a source and the
receiver of light". As to presenceof the theoretical
proof of that that the constant \c" in the equations
of Lorentz's transformation is speed of light, such proof
simply is not exist! It would be interesting to discover,
why Maxwell, knowing nothing about a constancy of
light's speed in vacuum, put in his equations a value of

1e-mail: redshift0@narod.ru

speed of an electromagnetic wave in emptiness (or in
ether) as a constant.

2. The formulation of a postulate

Einstein has allocated light by his postulate into a sep-
arate category of the phenomena, having idealized ma-
terial object - a photon. To return light in a bosom of
material particles, it is necessary and enough to count
that the top limit of interaction speed of the matter is a
constant. That the speed of interaction cannot be in�-
nite, it was clear for a long time. It is clear also, that the
supremum of speeds of interaction even on its physical
sense �ts much more for a role of constant value, which
is independent of speed of a source and the observer,
than speed of any carrier of concrete interplay.

The o�ered formulation of a postulate sounds so:

The supremum speed of interaction of the
matter does not depend on speed of the observ-
er of these interactions and speed of sources of
observable interactions, and is a constant in all
inertial systems of reference.

In comparison with the existing formulation there
was only a replacement of the term \light" by term
\interaction").

In this case there will be true both a constancy of
a four-dimensional interval, and Lorentz's transforma-
tion, both the formula of the sum of speeds, and special
and general theories of a relativity (TR).

Whether it is possible to agree with such formula-
tion of the postulate?

In fact if to count speed of light equals to these
supremum (as now it is considered, and it is an addi-
tional postulate) so all is reduced to that TR that we
have and we investigate already almost 100 years. Lan-
dauh and Lifshits act so, uniting two postulates under
the name \a principle of a relativity of Einstein".
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3. Consideration of the postulate
under condition c < cL

Why does it is impossible to consider that speed of
light is less by a few nanometers per second than the
supremum?

Below it is o�ered to consider a variant of discrep-
ancy c and cL .

Clearly, that speed of light now is not a constant.
In di�erent ISR speed of light becomes various. Un-
der the formula of the speeds sum a speed of the pho-
ton radiated by the moving source becomes more in
a direction of a source velocity, and it becomes less -
in an opposite direction. If speed of a source to as-
pire to light's speed, then speed of photons which leav-
ing \back" will decrease approximately under the law
c2 = cL (1� 2 (cL � c1)/(cL � v)) , where v is speed of
a source, c1 is speed of light in ISR of the source, c2 is
speed of light in ISR of the receiver. We have not \seen"
such change of light's speed, for example, for speed of
a source v < 0:9cL if (1� c1/cL) would be less than
5 � 10�11. Hence, for real speeds of sources we shall not
see change of light's speed, especially if photons move
\forward".

Conclusions from GR and TR remain completely
true regarding, not concerning distribution of light. But
also in the rest it is possible to specify such changes
in formulas, which basically will bring only in replace-
ment of a part of designations c on cL . In partic-
ular, formula of Doppler law now will be so: f =

f0 �
h
1� (v/cL)

2
i1/2/[1�(v�cosa)/c]

.

Maxwell Equations will be stay invariant relative to
any ISR, as in fact a value of light speed \c" is not a
constant in them now, but a variable equal to speed of
light in considered ISR.

But cannot be:
- Zero mass of rest;
- In�nity in energy and mass of particles at approach

speed of light (not cL ).

4. Consequence from the hypothesis

Whether speed of light that has come to us from far
(z > 1) galaxies was measured sometime? I'm sure that
it was not measured, as search of the light speed change
is unpromising business (as shown higher). But a pro-
cesses of di�erent duration we can observe as conse-
quence of the light speed change, though we do not
know their explanation.

Recently found out an expansion phenomenon (w -
factor) of a light curve for absolute magnitude of Type
Ia Supernovae would be considered as the brightest
proof of the universe expansion if it was not accom-
panied by the not explained stretch-factor (s-factor)
[1].

The environment of a Supernovae scatters in all par-
ties with huge speed. Therefore speed of the photons
ying in our direction, is di�erent. We shall designate
average speed of a photon from the distant source as c ,
and a range of speeds [c� �; c+ �]. We shall consider
that distribution of photons density on speed is de�ned
by some average function F (v; c; �).

Let's assume that value c does not depend neither
on time, nor from length of a wave; and distance R
from a source up to the receiver during supervision is
changing insigni�cantly (much less than R). Let n is
the general number of the photons accepted in unit of
time (depends on an epoch of reception t0 ). Let time t
(an epoch of radiation) and t0 are de�ned in ISR of the
receiver, and t0 = t+R/c . N is the general number of
photons, radiated in unit of time that then will get in
the receiver; N depends on time of radiation t (t = 0
corresponds to the peak radiation moment).

Then

n (t0) =

Z
N (t+R/v �R/c)F (v; c; �) dv

The size of shift R/v � R/c = (R/c) (c/v � 1) is
measured in day and means an epoch concerning time
t from which there come photons to the receiver at the
moment of time t0 . Accordingly, the further Super-
novae is situated, the more an epoch exist photons will
come from.

On the contrary, for very close Supernova the value
of shift will be practically equal 0 for any speed v , that
is, simple conformity between epoch of radiation and
reception is established. Accordingly, the further Su-
pernovae is situated, the more an epoch exist photons
will come to from one epoch of radiation.

5. Conclusions

All this results to that:
1. The width of a light curve increases proportional-

ly to distance both for all spectrum, and for a separate
range (w -factor).

2. The peak of accepted radiation (absolute lumi-
nosity) decreases proportionally to distance both for all
spectrum, and for a separate range (s-factor), and the
factor of proportionality depends on absolute luminos-
ity in this range (the formula (2) in NKP2002).

3. Color B � V at peak B -band is proportion-
al to distance and it is a consequence of the formula
(2) as a subtraction of luminosities (the formula (3) in
NKP2002).

4. As result of these reasons it is possible to estimate
value cL , assuming, that the maximal speed vmax =
2c
��
1 + c2

�
c2L
�
and that the width of a light curve

makes up 60 day for a Supernovae that situated on
distance R = 3 � 109 l.y.:

2 (R/c) (1� c/vmax) = 60 day
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Whence c = cL
�
1� 3 � 10�11� .

5. In passing it is found out, why in the �rst days
after explosion the width of a spectrum for far Super-
novae is less, than for a close one, even without taking
into account the w -factor.

6. One more capability for check of this hypothesis
is concluded in an estimation of speed and size of jets
from active galaxies. Size of a leaving jet should be less
(or would be closer to a core) than size of jet approach-
ing to us. And in an incipient state - the leaving jet
can be not seen at all.

Though I like this hypothesis, I am compelled to tell,
that there is one more opportunity of an explanation
w� and s-factors - a hypothesis about di�erence of
real speed of light from speed of light in vacuum owing
to optical density of the intergalactic environment.

But, probably, e�ects w� and s-factors turn out
because of total inuence of these reasons.
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Misconceptions have recently been found in the de�nition of a partial derivative (in the case of the presence of
both explicit and implicit dependencies of the function subjected to di�erentiation) in the classical analysis. We
investigate the possible inuence of this discovery on quantum mechanics and the classical/quantum �eld theory.
Surprisingly, some commutators of operators of space-time 4-coordinates do not equal to zero. Thus, we provide the
bases for new-fashioned noncommutative �eld theory.

To the best of my knowledge, the assumption that
the operators of coordinates do not commute [x̂�; x̂�]�
6= 0 has been made by H. Snyder [1]. The Lorentz
symmetry thus may be broken. Much interest has re-
cently been attracted to this idea [2, 3] in the context
of \brane theories".

Moreover, the famous Feynman-Dyson proof of
Maxwell equations [4] contains intrinsically the non-
commutativity of velocities [ _xi(t); _xj(t)]� 6= 0 that
also may be considered as a contradiction with the
well-accepted theories.

On the other hand, it was recently discovered that
the concept of partial derivative is not well de�ned in
the case of both explicit and implicit dependence of
the corresponding function, which the derivatives act
upon [5, 7] (see also the discussion in [6]). The well-
known example of such a situation is the �eld of an
accelerated charge [8].3

Let us study the case when we deal with explicite
and implicite dependencies f(p; E(p)). It is well

1To be presented at the 7a Reuni�on Nacional de F��sica y
Matematica, ESFM IPN, D.F., M�exico, May 13{17, 2002.

2e-mail: valeri@ahobon.reduaz.mx
3First, Landau and Lifshitz wrote that the functions depended

on t0 and only through t0+R(t0)=c = t they depended implicitly
on x; y; z; t . However, later (in calculating the formula (63.7))
they used the explicit dependence of R on the space coordinates
of the observation point too. Chubykalo and Vlayev claimed that
the time derivative and curl do not commute in their case. Jack-
son, in fact, disagreed with their claim on the basis of the de�ni-
tions (\the equations representingFaraday's law and the absence
of magnetic charges ... are satis�ed automatically"; see his In-
troduction in [6b]). But, he agrees with [8] that one should �nd
\a contribution to the spatial partial derivative for �xed time t
from explicit spatial coordinate dependence (of the observation
point)." �Skovrlj and Ivezi�c [6c] calls this partial derivative as
`complete partial derivative'; Chubykalo and Vlayev [6a], as `to-
tal derivative with respect to a given variable'; the terminology
suggested by Brownstein [7] is `the whole-partial derivative'.

known that the energy in the relativism is connected
with the 3-momentum as E = �

p
p2 +m2 ; the unit

system c = ~ = 1 is used. In other words, we must
choose the 3-dimensional hyperboloid from the entire
Minkowski space and the energy is not an independent
quantity anymore. Let us calculate the commutator of
the whole derivative @̂=@̂E and @̂=@̂pi .4 In the general
case one has

@̂f(p; E(p))

@̂pi
� @f(p; E(p))

@pi
+
@f(p; E(p))

@E

@E

@pi
: (1)

Applying this rule, we surprisingly �nd

[
@̂

@̂pi
;
@̂

@̂E
]�f(p; E(p)) =

=
@̂

@̂pi

@f

@E
� @

@E
(
@f

@pi
+

@f

@E

@E

@pi
) =

=
@2f

@E@pi
+

@2f

@E2

@E

@pi
� @2f

@pi@E
�

� @2f

@E2

@E

@pi
� @f

@E

@

@E
(
@E

@pi
) : (2)

So, if E = �
p
m2 + p2 and one uses the generally-

accepted representation form of @E=@pi = pi=E , one
has that the expression (2) appears to be equal to

(pi=E2)@f(p;E(p))@E . Within the choice of the normaliza-
tion the coe�cient is the longitudinal electric �eld in
the helicity basis (the electric/magnetic �elds can be

4In order to make distinction between di�erentiating the ex-
plicit function and that which contains both explicit and implicit
dependencies, the `whole partial derivative' may be denoted as
@̂ .
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derived from the 4-potentials which have been present-
ed in [9]). On the other hand, the commutator

[
@̂

@̂pi
;
@̂

@̂pj
]�f(p; E(p)) =

=
1

jEj3
@f(p; E(p))

@E
[pi; pj]� : (3)

This may be considered to be zero unless we would
trust to the genious Feynman. He postulated that the
velocity (or, of course, the 3-momentum) commutator
is equal to [pi; pj] � i~�ijkBk , i.e., to the magnetic
�eld.5

Furthermore, since the energy derivative corre-
sponds to the operator of time and the i-component
momentum derivative, to x̂i , we put forward the fol-
lowing anzatz in the momentum representation:

[x̂�; x̂�]� = !(p; E(p))F��
jj

@

@E
; (4)

with some weight function ! being di�erent for di�er-
ent choices of the antisymmetric tensor spin basis.

In the modern literature, the idea of the broken
Lorentz invariance by this method concurrs with the
idea of the fundamental length, �rst introduced by V.
G. Kadyshevsky [10] on the basis of old papers by M.
Markov. Both ideas and corresponding theories are ex-
tensively discussed, e.g. [11]. In my opinion, the main
question is: what is the space scale, when the relativity
theory becomes incorrect.

Conclusions

We found that the commutator of two derivatives may
be not equal to zero. As a consequence, for instance, the
question arises, if the derivative @̂2f=@̂p� @̂p� is equal to
the derivative @̂2f=@̂p�@̂p� in all cases?6 The presented
consideration permits us to provide some bases for non-
commutative �eld theories and induces us to look for
further development of the classical analysis in order
to provide a rigorous mathematical basis for operations
with functions which have both explicit and implicit
dependencies.
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tives do not commute [ @̂
@̂x�

; @̂
@̂x�

]� 6= 0.
6The same question can be put forward when we have dif-

ferentiation with respect to the coordinates too, that may have
impact on the correct calculations of the problem of accelerated
charge in classical electrodynamics.

where this idea has arisen, for discussions. Old pa-
pers (cited here) and old discussions with their authors
helped me to realize new trends in modern physics.

References

[1] H. Snyder, Phys. Rev. 71, 38 (1947); ibid. 72, 68
(1947).

[2] S. Doplicher et al., Phys. Lett. B331, 39 (1994); S.
Majid and H. Ruegg, Phys. Lett. B334, 348 (1994);
J. Lukierski, H. Ruegg and W. J. Zakrzewski, Ann.
Phys. 243, 90 (1995); N. Seiberg and E. Witten, JHEP
9909, 032 (1999), hep-th/9908142; I. F. Riad and
M. M. Sheikh-Jabbari, JHEP 08, 045 (2000), hep-
th/0008132; M. M. Sheikh-Jabbari, Phys. Rev. Lett.
84, 5265 (2000), hep-th/0001167; J. Madore et al., Eur.
Phys. J. C16, 161 (2000).

[3] S. I. Kruglov, hep-th/0110059 [To be published in a
special issue of "Ann. Fond. Broglie" on Contemporary
Electrodynamics]; B. G. Sidharth, physics/0110040 [To
be published in a special issue of "Ann. Fond. Broglie"
on Contemporary Electrodynamics].

[4] F. Dyson, Am. J. Phys. 58, 209 (1990). S. Tanimura,
Ann. Phys. 220, 229 (1992); M. Land, N. Shnerb and
L. Horwitz, hep-th/9308003.

[5] A. E. Chubykalo and R. Smirnov-Rueda, Mod. Phys.
Lett. A12, 1 (1997), hep-th/9608038; A. E. Chubykalo
and R. Alvarado, Hadronic J. [To be published].

[6] A. E. Chubykalo and S. Vlayev, Int. J. Mod. Phys.
A14, 3789 (1999); J. D. Jackson, hep-ph/0203076, L.
�Skovrlj and T. Ivezi�c, hep-ph/0203116.

[7] K. R. Brownstein, Am. J. Phys. 67, 639 (1999).

[8] L. D. Landau and E. M. Lifshitz, The Classical Theory
of Fields. 4th revised English ed. [Translated from the
6th Russian edition] (Pergamon Press, 1979). 402p.,
x63

[9] M. Jacob and G. C. Wick, Ann. Phys. 7, 404 (1959);
H. M. Ruck and W. Greiner, J. Phys. G: Nucl. Phys.
3, 657 (1977).

[10] V. G. Kadyshevsky, Nucl. Phys. B141, 477 (1978); V.
G. Kadyshevsky, M. D. Mateev, R. M. Mir-Kasimov
and I. P. Volobuev, Theor. Math. Phys. 40, 800 (1979)
[Teor. Mat. Fiz. 40, 363 (1979)]; V. G. Kadyshevsky
and M. D. Mateev, Phys. Lett. B106, 139 (1981); V.
G. Kadyshevsky and M. D. Mateev, Nuovo Cim. A87,
324 (1985); A. D. Donkov, R. M. Ibadov, V. G. Kady-
shevsky, M. D. Mateev and M. V. Chizhov, ibid. 87,
350 (1985); ibid. 87, 373 (1985). See also the old work:
V. G. Kadyshevsky, R. M. Mir-Kasimov and N. B.
Skachkov, Yad. Fiz. 9, 212 (1969). See also references to
the old works of M. Markov in the above-cited papers.

[11] A. Kempf, G. Mangano and R. B. Mann, Phys.
Rev. D52, 1108 (1995); G. Amelino-Camelia, Na-
ture 408, 661 (2000); gr-qc/0012051; hep-th/0012238;
gr-qc/0106004; J. Kowalski-Glikman, hep-th/0102098;
G. Amelino-Camelia and M. Arzano, hep-th/0105120;
N. R. Bruno, G. Amelino-Camelia and J. Kowalski-
Glikman, hep-th/0107039.



Spacetime &Substance, Vol. 3 (2002), No. 3 (13), pp. 127{128
c 2002 Research and Technological Institute of Transcription, Translation and Replication, JSC

TO QUANTIZE OR NOT TO QUANTIZE GRAVITY?

Afsar Abbas1

Institute of Physics, Bhubaneswar-751005, India

Received June 17, 2002

It is shown here that the Standard Model (SM) of particle physics supports the view that gravity need not be
quantized. It is shown that the SM gives a consistent description of the origin of the Universe. It is suggested that
the Universe came into existence when the SM symmetry was broken spontaneously. This brings out a complete
and consistent model of the physical Universe in the framework of a \semiclassical quantum gravity" theory.

To quantize or not to quantize gravity, is one of the
outstanding questions facing physics today. Though
there is still no compelling empirical evidence support-
ing quantization, the current theoretical prejudice is
strongly in favour of the latter possibilty. Here it shall
however be shown that the most succesful model of par-
ticle physics, the so-called Standard Model (SM), sup-
ports the former view and infact gives a consistent and
complete basis for the \semiclassical quantum gravity"
idea of Rosenfeld [1].

As the Universe expands, it is predicted that it un-
dergoes a series of phase transitions [2] during which the
appropriate symmetry breakes down in various stages
until it reaches the stage of the SM symmetry SU (3)c

 SU (2)L 
 U (1)Y . After t � 10�10 seconds (at
T � 102 GeV) the SM phase transition to SU (3)c 

U (1)em through the Higgs Mechanism takes place.

The SM has been well studied in the laboratory. It
is the best tested model of particle physics [3]. It was
however believed earlier that a weaknesses of the SM
was that the electric charge was not quantized in it.
However, it was as late as 1990 that this was shown to
be wrong. Against all expectations, the electric charge
was shown to be fully and consistently quantized in the
SM [4].

It was shown by the author [4,5] that in SM SU (NC )

 SU (2)L � U (1)Y for NC = 3, spontaneous symme-
try breaking by a Higgs isospin doublet of weak hy-
percharge Y� , the isospin -1/2 component develops the
vacuum expectation value < � >0 . This �xes `b' in the
electric charge de�nition Q = T3 + bY to give

Q = T3 +
1

2Y�
Y; (1)

where Y is the hypercharge for doublets and singlets
for a single generation. For each generation renormal-
izability through triangular anomaly cancellation and
the requirement of the identity of L- and R-handed

1e-mail: afsar@iopb.res.in

charges in U (1)em one �nds that all unknown hyper-
charges are proportional to Y� . Hence correct charges
(for NC = 3) fall through as below [4-8]

Q(u) =
1

2
(1 +

1

NC
); (2)

Q(d) =
1

2
(�1 + 1

NC
); (3)

Q(e) = �1; (4)

Q(�) = 0: (5)

Hence the electric charge is quantized in SM. The
complete structure of the SM as is, is required to obtain
this result on very general grounds.

Clearly the U (1)em symmetry which arose due to
spontaneous symmetry breaking due to a Higgs doublet
in the SM symmetry will be lost above TSMc whence
SU (2)L 
 U (1)em symmetry would be restored. As is
obvious, above TSMc all the fermions and gauge bosons
becomes massless. Here I point out a new phenomenon
arising from the restoring of the full SM symmetry .

Note that to start with the parameter b and Y in the
de�nition of electric charge were completely unknown.
We could lay a handle on 'b' entirely on the basis of the
presence of spontaneous symmetry breaking and on en-
suring that photon was massless b = 1

2Y�
. Above TSMc

where the SM symmetry is restored there is no sponta-
neous symmetry breaking and hence the parameter b is
completely undetermined. Together 'bY' could be any
arbitrary number whatsoever even an irrational num-
ber. Within the framework of this model above TSMc
we just cannot de�ne electric charges at all. Hence the
electric charge loses any physical meaning all together.
There is no such thing as charge anymore. The pho-
ton (which was a linear combination of W 0 and B�

after spontaneous symmetry breaking ), with it's de�n-
ing vector characterteristic, does not exist either. So
the conclusion is that there is no electrodynamics above
TSMc . Maxwells equations of electrodynamics show
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that light is an electromagnetic phenomenon. Hence
above the SM phase transition there was no light and
no Maxwells equations. And surprisingly we are led to
conclude that there was no velocity of light c as well.
One knows that the velocity of light c is given as

c2 =
1

�0�0
; (6)

where �0 and �0 are permittivity and permeability of
the free space. These electromagnetic properties dis-
appear along with the electric charge and hence the
velocity of light also disappears above the SM phase
transition.

The premise on which the theory of relativity is
based is that c, the velocity of light is always the same,
no matter from which frame of reference it is measured.
Of fundamental signi�cance is the invariant interval

s2 = (ct)2 � x2 � y2 � z2: (7)

Here the constant c provides us with a means of
de�ning time in terms of spatial separation and vice
versa through l = ct . this enables one to visualize
time as the fourth dimension. Hence time gets de�ned
due to the constant c. Therefore when there were no
c as in the early Universe ,there was no time as well.
As the special theory of relativity depends upon c and
time, above the SM breaking scale there was no special
theory of relativity. As the General Theory of relativity
also requires the concept of a physical space-time, it
collapses too above the SM breaking scale. Hence the
whole physical Universe collapses above this scale.

Therefore it was hypothesized that the Universe
came into existence when the SM symmetry was bro-
ken spontaneously [11]. Before it there was no 'time',
no 'light', no maximum velocity like 'c', no gravity or
space-time structure on which objective physical laws
as we know it could exist [11].

In short we �nd that the SM of particle physics is
not only good to explain all known facts, it is also ca-
pable of giving a natural and consistent description of
the origin of the Universe [11].

So matter (which is quantizd) and the space-time
(and so gravity) are bound together holistically. In this
picture one cannot talk of matter without spacetime
and neither can we talk of space-time without matter.
They are two sides of the same coin and hence the Ein-
stein's equation as per the SM should read as follows:

G�� = 8�Gh�jT��j�i: (8)

This is the \semiclassical quantum gravity" ap-
proach of Rosenfeld [1]. However here � represents the
complete matter degrees of freedom incorporated in the
SM in terms of the three generations of matter particles
plus the gauge particle of the SM (no other spurious
model is needed [9,10]). Gravity, a property of the

spacetime arises as a result of the quantum mechanical
SM phase transtion and is not quantized. Hence as per
the SM origin of the Universe scenario presented here
we get a complete and consistent picture of the origin
and the existence of space-time and matter. The two
are inseparably connected.

It seems that the reason that inspite of rigourous
e�orts we have not seen graviton so far is because as
shown here it does not exist. This need not shock some
modern adherents of quantization of gravity as many a
scientists have been warning against an urge to quantize
gravity. Long ago Rosenfeld [1] had pointed out that
empirical evidence and not logic forces us to quantize
�elds. He said that in the absence of such evidence the
temptation to quantize �elds must be resisted [1]. In-
deed this is what the SM of particle physics is telling us.
And this is within the framework of the most success-
ful model of particle physics. Not only can the SM of
particle physics provide a good description of all known
particles, it also has the capacity to give a consistent
picture of the origin of the Universe and also of settling
the issue of whether to quantize gravity or not.
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A physical consequence of a well - known Fermi's theorem: no motion of masses can generate gravitational waves.

1. Fermi's geometrical theorem [1] as generalized by
Eisenhart [2] a�rms: For a manifold endowed with a
symmetric connection it is possible to choose a coor-
dinate system with respect to which the components
�ijk(= �ikj) of the connection are zero at all points of a
curve (or of a portion of it).
For a Riemann - Einstein spacetime this means that
there exists a coordinate system (z) with respect to
which the �rst derivatives of the components hjk(z),
(j; k = 0; 1; 2; 3) of the metric tensor are zero at all
points of a curve (or of a portion of it), in particular at
all points of a time - like world line.

2. Let us now consider a continuous medium (for in-
stance, a perfect uid) characterized by a certain mass
tensor Tjk , (j; k = 0; 1; 2; 3), and let gik(x) be the so-
lutions of Einstein equations

Rjk � 1

2
gjkR = ��Tjk (1)

corresponding to a generic motion of our medium with
respect to a given reference system x � (x0; x1; x2; x3).
Let us suppose to follow the motion of a given mass
element describing a certain world line L . If we refer
this motion - from the initial time on - to Fermi's coor-
dinates z � (z0; z1; z2; z3), the components hjk(z) of
the metric tensor will be equal to some constants for
all points of line L . This means that the gravitation-
al �eld on L has been obliterated. Consequently, no
gravitational wave has been sent forth. Now, line L is
quite generic, and therefore no motion of the continu-
ous medium can give origin to a gravitational radiation.
The absence of a \mechanism" apt to generate gravi-
tational waves can be proved also by other arguments
([3], [4], [5], [6]). In paper [5] I have emphasized, in
particular, that any particle of an incoherent \cloud of
dust", characterized by a mass tensor

T jk = �
dxj

ds

dxk

ds
; (j; k = 0; 1; 2; 3); (2)

1e-mail: angelo.loinger@mi.infn.it

(where � is the invariant mass density), describes a
geodesic line: accordingly, it cannot emit gravitational
waves. A simple application: the gravitational motions
of the members of solar system.

In paper [6] I have given a very simple argument
according to which no motion (gravitational or non -
gravitational) of a mass point can produce gravitation-
al waves. (The restriction of all the above arguments to
the motions of point masses is clearly inessential from
the conceptual point of view). Of course, the above re-
sults destroy the current conviction of the real existence
of the gravitational waves [7].

\E sar�a mia colpa se cos�� �e?"

Machiavelli
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Interpreting gravity as the e�ect of the emission of quanta of negative mass we prove that any gravitational mass
increases linearly with cosmological time. The preservation of Einstein's �eld equations as derived from the Action
Principle forces the speed of light to decrease with cosmological time, a result consistent with the conservation of
momentum. We then prove that Mach's Principle has the same form as the Equivalence Principle and therefore is
included in these �eld equations.
PACS numbers 04 04.60.-m

1. Introduction

Relativity is a �eld of wide interest for the specialist as
well as the general public. Recent work on the possibili-
ty of a time varying speed of light raises many questions
on the validity of Einstein's Relativity Theory. Here we
prove that there is a way to have a time varying speed
of light that keeps intact Einstein's Special and Gen-
eral relativity. The point is that this time variation
comes from the interpretation of gravity as a result of
the emission of quanta, an interpretation very di�erent
from the classical geometrical one attributed to Gen-
eral Relativity. But General Relativity and Quantum
Mechanics must meet in some way and here we present
a theory in this direction. Emission of gravity quan-
ta imply that the gravitational masses increase linearly
with cosmological time. On the other hand we know
that Mach's ideas were the source of inspiration foe
Einstein in his work on relativity. Many arguments for
and against the idea that his relativity includes Mach's
Principle have been produced. Here we also prove that
this Principle is certainly included when allowance is
made for the masses to grow with cosmological time in
a way that we call a Mass Boom. And the correspond-
ing decrease in the speed of light is unavoidable if one
wants to keep the conservation of momentum, the most
unviolated principle in Nature.

1e-mail: aalfonso@euita.upm.es

2. A theory of time varying
\constants"

The scienti�c literature contains many articles related
to quantum gravity. We have found a quantum of grav-
ity mg [1] given by

mg =
~
c2t

; (1)

where � is Planck's constant, c the speed of light and
t the age of the Universe. One way to justify (1) is as
follows: to deal with an unlocalized quantum �eld of
gravity we need a quantum of gravity with momentum
mgc and an uncertainty in position of the order of the
size of the seeable Universe ct, i.e.

mgc � ct � ~ (2)

and this is what we found [1]. The emission of such
a quantum of gravity (with negative energy) from a
fundamental particle of mass m gives a rate of change
of mass as

dm

dt
� m

�
; (3)

where � is the time it takes light to travel the size
of the particle, the Compton wavelength �=mc . Then
from (1) and (3) we get

dm

dt
� ~

c2t
� mc2

~
� m

t
: (4)

Integrating the above we get a time dependence for
the mass m :

m = At; (5)
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where A is a constant. This is what we called the Mass
Boom as presented elsewhere [2]. Any mass in the Uni-
verse that manifest gravity must emit gravity quanta
and increase its mass linearly with time. And Gener-
al Relativity must hold even under this view that is
far from the classical geometrical one. To substantiate
this assertion let us �nd the conditions for the validity
of Einsteins equations of General Relativity under the
new approach of time-varying \constants". One can
apply the principle of stationary action to the total ac-
tion I (including a purely gravitational term IG , [3])
as follows:

I = IG + IM ;

I = � c3

16�G

Z
R (x) (g (x))1=2 d4x+ IM (6)

while the action for a material free particle of mass m
is

Im = �mc

Z
ds: (7)

We can think of time-varying \constants" (G; c;m)
keeping General Relativity's equations intact if one
keeps constant the coe�cients in front of the integrals
in (6) and (7), i.e.

c3

G
= const (mass� rate);

mc = const (momentum): (8)

Hence the Mass Boom giving a linear relation of
mass with cosmological time in (5) implies a speed of
light c decreasing with time as 1=t , as well as a gravita-
tional constant G decreasing with time. The constancy
of mc is a manifestation of the newtonean condition of
conservation of momentum. Hence any speed v will
vary in the same way as c and the ratio v=c will be
constant, thus keeping safe Special Relativity. Now,
any experiment in the solar system trying to measure
time variations in G will give a null result: orbital dy-
namics gives

v2 =
GM

r
;

mvr = const; (9)

where M is the central body and m the orbiting one
in a near circular orbit. Hence combining one has

GMm2r = const; (10)

which is the relation applied in the ranging experi-
ments. The conditions for preserving General Relativi-
ty in (8) imply

GMm2 = const;
r = const:

(11)

as observed. No time variations will be observed with
these experiments.

Finally, interpreting Mach's Principle by saying that
the rest energy og any mass m is given by its gravita-
tional potential with respect to the rest of the Universe
of mass Mu i.e.

GMum

ct
= mc2 (12)

that is equivalent to

GMu

c3
= t (13)

implies from (8) in a certain system of units

G
c3 = const;
Mu = t:

(14)

These relations preserve General Relativity that
therefore is consistent with a Mass Boom and a de-
creasing speed of light. This theory includes Mach's
Principle in the for we have stated it. In fact this
principle is a form of Einstein's Equivalence Princi-
ple, the basis for General Relativity: if the ratio v=c
must be constant to get the General Relativity predic-
tions intact, then using the gravitational orbital speed
v2 = GM=r one has the condition

GM

ct
� 1
c2

= const; (15)

which is Mach's Principle as stated in (12).
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Each of electrically charged particles testi�es in favor of the existence of a kind of the magnetically charged monopar-
ticle. As a consequence, only the corresponding mononeutrinos answer for quantization of the electric charges of
all the neutrinos. Therefore, to understand the nature of matter at the fundamental level one must use the elec-
tromagnetic �eld as the �eld of the uni�ed system of the photon and monophoton where the electric and magnetic
forces of the nature are united. Some logical and laboratory con�rmations of the availability of compound structure
of gauge invariance have been listed which say also about the connection between the states of elementary particles
and monoparticles.

A study of the behavior of electrons and their neu-
trinos in a nucleus Coulomb �eld shows clearly that be-
tween the mass of a particle and its charge there exists
a sharp dependence [1]. For the light Dirac neutrino
(� = �e) it has the form [2]

eE� = �3eGF (mE
� )

2

4�2
p
2

; e = jej: (1)

Here mE
� and eE� are the neutrino electric rest mass

and charge.
Such an intimate connection saying about the gravi-

tational structure of a Coulomb interaction and reects
the fact that the mass and charge of a particle corre-
spond to the most diverse form of the same regularity
of the nature of this �eld [2, 3].

On the other hand, it is known that in the frame-
work of the hypothesis of �eld mass based on the clas-
sical theory of an extensive electron [4], a particle all
the mass is purely electric. However, according to such
a point of view, the charge distribution of the neutrino
will not be steady.

Our conclusion is that each of existing types of
charges come forwards in the system as the source
of a kind of the inertial mass [5]. Herewith all the
mass of the neutrino coincides with its united rest mass
mU
� which includes in self the electric mE

� ; weak mW
� ;

strong mS
� and some other components:

mU
� = mE

� +mW
� +mS

� + :::: (2)

Such a compound structure giving the possibility to
directly look at the nature of matter is observed as a

1e-mail: rasulkhozha@suninp.tashkent.su

consequence of the availability of the united charge eU�
in neutrino equal to its all the charge [5]:

eU� = eE� + eW� + eS� + :::; (3)

where the indices E; W and S correspond to the elec-
tric, weak and strong parts of charge.

Thus, it follows that if the neutrino possesses a
Dirac mass then all possible components of this mass es-
tablish the intraneutrino interratio between the forces
of the electric and unelectric nature. Therefore, the
charge distribution of the neutrino must be steady [6].

The purpose of the present article is to elucidate
what the above - mentioned duality of matter say about
structures of electromagnetic �eld, gauge invariance
and charge quantization law.

In the framework of the loop phenomena, the neu-
trino must be electrically neutral at the conservation of
gauge invariance [7]. It appears that here on the basis
of (1) one can will decide a question about the equality
of the neutrino electric mass to zero.

But if mE
� = 0; the neutrino is strictly Majorana

particle [5]. At the same time the existence of massive
Dirac neutrinos is by no means excluded experimental-
ly. Insofar as their neutrality in the loop approximation
is concerned, it reects just a latent regularity of gener-
al picture of gauge invariance which requires the study
of the structure of electromagnetic �eld.

At �rst sight it appears that a connection between
eE� and mE

� is incompatible with charge quantization.
Such a regularity, however, takes place owing to the
magnetic monopoles. It is also known that the stan-
dard SU (2)L 
 U (1) theory, by itself, does not require
[8] that the magnetic monopoles be exist in the form
as was suggested by Dirac [9]. Therefore, from point of
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view of a massive four - component neutrino, it should
be expected that each of electrically charged particles
testi�es in favor of the existence of a kind of a <monopar-
ticle> namely a particle having the magnetic mass and
charge. Then it is possible, for example, only the corre-
sponding mononeutrinos are responsible for quantiza-
tion of the electric charges of all the neutrinos.

There exists a range of other phenomena, in which
a fundamental part is said of monoparticles. One of
such systems may serve as the source of electromagnetic
�eld. But unlike earlier known, it must not be usual
gauge boson. The point is that the same photon does
not lead to the appearance of electromagnetic �eld. It
possesses the electric mass [10] and charge [11].

From point of view of a Dirac neutrino, this gauge
state will indicate to the existence of the monophoton
with the magnetic mass and charge. In other words, the
photon E and monophoton H must be source of the
electric ~E and magnetic ~H �elds respectively. Under
shuch circumstances the electromagnetic �eld (~E; ~H)
appears as the �eld of the uni�ed system of the photon
and monophoton (E ; H) where the electric ~FE and

magnetic ~FH forces of the nature are united.

To elucidate the compound structure of its gauge
invariance one must apply once more to the question
whether the same particle has simultaneously both elec-
tric and magnetic charges. There exist, however, many
uncertainties both in the nature and in the behavior
of these types of charges. Nevertheless, if we assume
[12] that the possibility of the existence of such Dirac
fermions is not excluded, the neutrino interaction with
an electromagnetic �eld of emission arises at the ex-
pense of exchange simultaneously both by the photon
and by the monophoton. The latter would lead us to
the implication that the invariance of these types of
gauge bosons concerning C, P and T, and also their
combinations CP and CPT are not di�erent.

Finally, insofar as the appearance of magnetic �eld
in usual laboratory conditions is concerned, to this one
must apply as to one of the available experimental da-
ta con�rming the existence of monoparticles and saying
that any electrically charged particle can be convert-
ed into the corresponding monoparticle and vice versa.
Of course, these transitions and many other aspects of
compound structure of each of existing types of charges
and masses open of principle possibilities for creation
at the fundamental level of truly physical theories of
naturally united gauge �elds.
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Any non-zero component of charge implies the existence of a kind of the inertial mass. Therefore, each of existing
types of the dipole moments must arise as a consequence of the availability of a kind of charge. From their point of
view, the elastic scattering of completely longitudinal and transversal polarized neutrinos (antineutrinos) by spinless
nuclei is discussed taking into account the united rest mass and charge, and also the magnetic, anapole and electric
dipole moments of incoming fermions with neutral currents. Interconversions of neutrinos of the di�erent components
have been investigated, at which a particle chiral invariance is violated at the expense of the ip of its spin. This
becomes possible owing to an intimate connection between these phenomena and character of the structure of a
Dirac mass. Analysis of the studied processes cross sections assumed that both masses and charges of longitudinal
and transversal neutrinos are strictly unidentical.

1. Introduction

In studying the nature of elementary particles such
characteristics as the mass and charge play a large role.
At the same time it is well known that according to the
hypothesis of �eld mass based on the classical theory
of an extensive electron [1], a particle all the mass is
purely electric. Such a structure, however, meets with
many problems. One of them states that the charge
distribution of the electron is not steady.

My investigation of the interaction of electrons and
their neutrinos with �eld of emission shows clearly [2, 3]
that if the neutrino corresponds to the electron (� =
�e); its full electric charge efull� and magnetic moment
�full� appear owing to the Coulomb mass mE

� and be-
have as [4]

efull� = �3eGFm2
�

4�2
p
2
; e = jej; (1)

�full� =
3eGFm�

8�2
p
2
; m� = mE

� : (2)

This picture reects the fact that each of available
types of charges say in favor of the availability of a
kind of the inertial mass. Thereby the possiblity of the
existence of the united rest mass mU

� and charge eU� for
the neutrino equal respectively to its all the mass and
charge is not excluded. One can de�ne their structures
in the form [5]

mU
� = mE

� +mW
� +mS

� + :::; (3)
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eU� = eE� + eW� + eS� + :::: (4)

Here the indices E; W and S correspond to the elec-
tric, weak and strong components of the neutrino mass
and charge. They constitute herewith the harmony of
forces of the di�erent nature. Therefore, the charges
distributions of light leptons must be steady [6].

Such a stability of matter saying about the com-
pound structure of charge quantization law [7] and tes-
ti�es of that any non - zero component of the electric
charge implies the existence of a kind of the dipole mo-
ment. In other words, the Dirac F1�(q2) and the Pauli
F2�(q2) form factors contain the statical as well as the
dynamical components [6]:

Fi�(q
2) = fi�(0) + Ai�(~q2) + :::; (5)

where fi�(0) give the normal size of charge and mo-

ment, Ai�(~q2) characterize the momentum dependence
of leptonic current vector parts. The terms fi�(0) and

Ai�(~q2) are responsible for the �rst and the second Born
approximations. In these circumstances, the form fac-
tors F1�(q2) and F2�(q2) at q2 = 0 de�ne the full static
values of the neutrino electric charge and moment:

F1�(0) = efull� = enorm� + eanom� + :::; (6)

F2�(0) = �full� = �norm� + �anom� + :::: (7)

Of course the electric mass and charge of a Dirac
neutrino correspond to the most diverse form of the
same regularity of its Coulomb nature. By this reason
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we conclude that the neutrino electric mass mE
� in-

cludes in self as well as the normal mnorm
� and anoma-

lous manom
� components [4]:

mE
� = mnorm

� +manom
� + :::: (8)

However, it is known [8, 9] that the neutrino inter-
action with virtual photon is described by the vertex
operator

��(p; p
0) = u(p0; s0)[�F1�(q

2)� i���q�F2�(q
2)+

+5�G1�(q
2) � i5���q�G2�(q

2)]u(p; s): (9)

Here ��� = [�; �]=2; q = p � p0; p(s) and p0(s0)
denote the four - momentum (helicity) of the neutrino
before and after emission, G1�(q2) and G2�(q2) are the
leptonic current axial - vector parts.

Analysis of electroweak processes on nuclei assumed
[10] that F2� and G2� must have the same size. There-
fore, without loss of generality, we may write

Gi�(q
2) = gi�(0) + �i�(~q2) + :::; (10)

where g1�(0) and g2�(0) are the normal components
of a particle anapole [11] and electric dipole moments.

The functions �i�(~q2) characterize the anomalous be-
havior of axial - vector form factors.

According to the correspondence principle, each
term in (10) as well as in (5), corresponds to the de�-
nite approximation. This sight to the interaction axial
- vector nature quality explains the fact that G1�(0)
and G2�(0) give the full static size of a Dirac particle
anapole and electric dipole moments:

G1�(0) = afull� = anorm� + aanom� + :::; (11)

G2�(0) = dfull� = dnorm� + danom� + :::: (12)

Of them afull
� also can be measured experimentally

[12]. For dfull� as well as for efull� and �full� there exist
laboratory and cosmological restrictions [13, 14].

The purpose of the present work is to discuss the
problem of the neutrino latent mass investigating its
interaction with �eld of electroweak emission in the po-
larization type dependence. First of all we consider
the elastic scattering of longitudinal polarized massive
Dirac neutrinos by nuclei of the electric (Z) and weak
(ZW ) charges

�L;R(�R;L) + A(Z;ZW )
;Z0

! �0(�0) +A(Z;ZW ) (13)

at the account of their earlier known and new proper-
ties. Next, all they will be reanalysed for the transversal
case of incoming particles polarizations. In conclusion
we present some implications implied from these con-
siderations.

2. Interaction of Longitudinal
Polarized Neutrinos with Field of a
Nucleus

From our earlier developments, we �nd that the matrix
elements of elastic scattering of an arbitrary polarized
neutrinos on the nucleus electric and weak charges in
the �rst Born approximation must have the following
structures:

ME
fi =

4��

q2E
u(p0E ; s

0)[�f1�(0)� i���q
�
Ef2�(0)+

+5�g1�(0) � i5���q
�
Eg2�(0)]u(pE; s)J


� (qE); (14)

MW
fi =

GFp
2
u(p0W ; s0)�(gV� + 5gA� )x

xu(pW ; s)JZ
0

� (qW ): (15)

Here � = �L;R = �eL;R; qE = pE�p0E ; qW = pW �p0W ;
pE(pW ) and p0E(p

0
W ) imply the four - momentum of

the neutrino before and after the electric (weak) emis-
sion, Jx� are the nuclear charged (x = ) and neutral
(x = Z0) currents [15], gV� and gA� denote the cor-
responding constants of purely weak interaction vector
and axial - vector components.

As seen from (14) and (15), in the case of exchange
by the photon, only the Coulomb mass is responsible
for the electric scattering. Insofar as mW

� is concerned,
it leads to the corresponding weak interaction.

It appears that here on the basis of the standard
de�nition

d�EW (s; s0)

d

=

1

16�2
jME

fi +MW
fi j2 (16)

one can will establish an explicit form of the studied
processes cross sections. It is not excluded, however,
that any Dirac particle possesses simultaneously both
electric and weak masses. In other words, the neutrino
interaction with �eld of emission explained by the elec-
troweak interference arises at the expense of exchange
simultaneously both by the photon and by the weak
boson. From this point of view, the interference be-
tween the interactions (14) and (15) can be expressed
as follows:

2ReME
fiM

�W
fi =

8��GFp
2q2EW

Re�EW �0EW [�f1�(0)�

�i���q�EWf2�(0) + 5�g1�(0)�
�i5���q�EWg2�(0)]�(gV� + 5gA� )x

xJ� (qEW )JZ
0

� (qEW ): (17)

Here and further it is necessary to keep in mind that

qEW = pEW � p0EW ; mEW
� = mE

� +mW
� ;
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�EW = u(pEW ; s)u(pEW ; s);

�0EW = u(p0EW ; s0)u(p0EW ; s0):

According to these data, the general form of the
cross section of the process (13) at the account of lon-
gitudinal polarizations of both incoming and outgoing
fermions is written in the form

d�V;AEW (�; s; s0) = d�V;AE (�; s; s0)+

+d�V;AI (�; s; s0) + d�V;AW (�; s; s0); (18)

where the contribution of purely electric mass has the
size

d�V;AE (�; s; s0)

d

=

1

2
��o (1 � �2E)

�1f(1 + ss0)[f1�+

+2�cs
q
1� �2Eg1�]f1�+

+�2E(1� ss0)[f21� + 4(mE
� )

2(1� ��2E )2f22� ]tg
2 �

2
�

�8s(EE
� )

2(1� ss0)(1� �2E)
3=2f2�g2�tg

2 �

2
+

+(1 � �2E)[(1 + ss0)g21�+

+4(EE
� )

2(1� ss0)g22�tg
2 �

2
]gF 2

E(q
2
E): (19)

The second term characterize the interference of the
electric and weak interactions as a consequence of the
availability of the united electroweak rest mass of in-
coming particles:

d�V;AI (�; s; s0)

d

=

1

2
���o (1� �2EW )�1gV�f(1 + ss0)[1�

��csgA�
gV�

q
1� �2EW ][f1� + �cs

q
1� �2EW g1�]+

+�2EW (1� ss0)f1�tg
2 �

2
gFEW (q2EW ): (20)

The corresponding cross section for the process go-
ing at the expense of the neutrino purely weak rest mass
behaves as

d�V;AW (�; s; s0)

d

=

G2
F (E

W
� )2

16�2
fg2V� [(1 + ss0)cos2

�

2
+

+�2W (1� ss0)sin2
�

2
] + g2A� (1� ss0)(1� �2W )cos2

�

2
�

�2�csgV�gA� (1 + ss0)
q
1� �2W cos2

�

2
gF 2

W (q2W ): (21)

Here we must have in view of that

��o =
�2cos2 �2

4(EE
� )2(1� �2E)sin

4 �
2

; � =
q2E
q2EW

GF

2�
p
2�

;

�E =
mE
�

EE
�

; �EW =
mEW
�

EEW
�

; �W =
mW
�

EW
�

;

FE(q
2
E) = ZFc(q

2
E); FEW (q2EW ) = ZZWF 2

c (q
2
EW );

FW (q2W ) = ZWFc(q
2
W ); A = Z +N;

ZW =
1

2
f�(0)V (Z+N )+�

(1)
V (Z�N )g; MT =

1

2
(Z�N );

where � is the polar angle, EE
� ; E

EW
� and EW

� are the
neutrinos energies at the elastic electric, electroweak
and weak scattering, Fc(q2E); Fc(q

2
EW ) and Fc(q2W ) de-

note the charge (Fc(0) = 1) form factors of a nucleus
in these three processes, MT is the projection of its

isospin T; and constants �
(0)
V and �

(1)
V correspond to

the isoscalar and isovector components of the nuclear
vector neutral current.

The indices V and A imply the simultaneous pres-
ence of both vector and axial - vector parts of charged
and neutral leptonic currents. Therefore, any of the ex-
pressions (19) - (21) for the neutrino (�c = +1) and the
antineutrino (�c = �1) is di�erent which becomes pos-
sible owing to the interference of the interaction vector
and axial - vector components.

The terms (1 + ss0) and (1 � ss0) characterize the
scattering with conservation (s0 = s) and change (s0 =
�s) of helicities of incoming left (s = �1) - and right
(s = +1) - polarized particles. Under such circum-
stances the value of the cross section (18) conveniently
replace by the summed size

d�V;AEW (�; s) = d�V;AEW (�; s0 = s)+

+d�V;AEW (�; s0 = �s): (22)

The compound structures of both terms of (22) tes-
tify of that the neutrino charge f1� leads to the scatter-
ing either with or without ip of its spin. The anapole
g1� does not change a particle helicity. In contrast to
this, the vector f2� and axial - vector g2� moments are
responsible only for the ip of the neutrino spin. Of
course, our formulas can also con�rm the fact that the
helicity of the neutrino of large energy (E� � m�) is
not changed.

However, as known, the right - handed neutrino
meets with the problem which states that does not ex-
ist a chiral symmetry characterized a massive particle.
Therefore, it appears that the neutrinos have no nei-
ther the electric, weak nor any other mass. But this
is not quite so. The point is that at the conservation
of helicity a particle chirality is not changed even if it
possesses a non - zero rest mass. In other words, the
longitudinal neutrino chirality can be violated at the
expense of mass, charge, magnetic and electric dipole
moments, because they lead to the ip of its spin.

In the absence of one of currents V or A any of
(19) - (21) not only for the particles and the antiparti-
cles but also for the left - and right - handed neutrinos
coincides. Such an equality takes place as well as in the
low energies limits of the corresponding processes.
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3. Transversal Polarized Neutrinos
Scattering by Nuclei of Electroweak
Charges

Owing to an intimate connection between the mass of
a particle and its physical nature, any massive neu-
trino has the longitudinal as well as the transversal
polarization. Here an important circumstance is the
fact that the same neutrino must not be simultaneous-
ly both longitudinal and transversal fermions. There
exists, however, the possibility that the longitudinal po-
larized neutrinos in the elastic scattering on a nucleus
can be converted into the transversal polarized and vice
versa [16].

Returning to (14) - (17), for the transversal case of
the neutrino polarization we establish the compound
structure of the cross section of the process (13) which
one can present as follows:

d�V;AEW (�; '; s; s0) = d�V;AE (�; '; s; s0)+

+d�V;AI (�; '; s; s0) + d�V;AW (�; '; s; s0): (23)

Here to the contribution of purely electric mass answers
the expression

d�V;AE (�; '; s; s0)

d

=

1

2
��o (1� �2E)

�1f((1+

+ss0)�T cos
2'

2
+ (1� ss0)��T sin

2'

2
)f21�+

+�2E((1 + ss0)T sin
2'

2
�

�(1 � ss0)�T cos
2'

2
)[f21�+

+4(mE
� )

2(1� ��2E )2f22�]tg
2 �

2
+

+2�cs�E

q
1� �2E((1 + ss0)sin2

'

2
�

�(1 � ss0)cos2
'

2
)�T f1�g1�tg

�

2
+

+(1 � �2E)((1 + ss0)��T sin
2'

2
+

+(1 � ss0)�Tcos
2'

2
)g21�+

+4(EE
� )

2(1� �2E)((1 + ss0)�T cos
2'

2
�

�(1 � ss0)T sin
2'

2
)g22�tg

2 �

2
gF 2

E(q
2
E): (24)

The cross section of the interference process orig-
inated at the expense of the united electroweak rest

mass of incoming transversal polarized neutrinos has
the following structure:

d�V;AI (�; '; s; s0)

d

=

1

2
���o (1� �2EW )�1gV�f((1+

+ss0)�T cos
2'

2
+ +(1� ss0)��T sin

2'

2
)f1�+

+�2EW [((1 + ss0)T sin
2'

2
� (1� ss0)�T cos

2'

2
)tg

�

2
+

+�cs
gA�
gV�

��1EW

q
1� �2EW ((1 + ss0)sin2

'

2
�

�(1 � ss0)cos2
'

2
)�T ]f1�tg

�

2
�

��cs�EW
q
1� �2EW [((1 + ss0)sin2

'

2
�

�(1 � ss0)cos2
'

2
)�T tg

�

2
+

+�cs
gA�
gV�

��1EW

q
1� �2EW ((1 + ss0)��T sin

2'

2
+

+(1 � ss0)�Tcos
2'

2
)]g1�gFEW (q2EW ): (25)

The contribution explained by the transversal po-
larized neutrinos purely weak rest mass is written in
the form

d�V;AW (�; '; s; s0)

d

=

G2
F (E

W
� )2

16�2
fg2V� [((1+

+ss0)�T cos
2'

2
+ (1� ss0)��T sin

2'

2
)ctg2

�

2
+

+�2W ((1 + ss0)T sin
2'

2
� (1� ss0)�T cos

2'

2
)]sin2

�

2
+

+g2A� (1� �2W )((1 + ss0)��T sin
2'

2
+

+(1 � ss0)�Tcos
2'

2
)cos2

�

2
�

�2�csgV�gA��W
q
1� �2W ((1 + ss0)sin2

'

2
�

�(1 � ss0)cos2
'

2
)�T sin

�

2
cos

�

2
gF 2

W (q2W ); (26)

where it has been accepted that

�T = 1� 2(1� 4sin2
'

2
)sin2

'

2
;

��T = 1 + 2(1� 4sin2
'

2
)cos2

'

2
;

T = 1 + 2cos2
'

2
; �T = 1� 2cos2

'

2
:

Here ' is the azimuthal angle.
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As well as in (18), each term in (23) contains the
contributions of vector and axial - vector interactions,
and also the contributions of their interference between
themselves owing to which, the neutrino and the an-
tineutrino scattering cross sections are di�erent.

Furthermore, if taken into account the availability
of the multiplier (1 + ss0) and (1� ss0) in (24) - (26),
we can present (23) in the form

d�V;AEW (�; '; s) = d�V;AEW (�; '; s0 = s)+

+d�V;AEW (�; '; s0 = �s): (27)

An explicit expressions for both terms of (27) have
the most diverse structures. From their point of view,
in the case of the neutrino transversal polarization, the
processes with or without change of incoming particles
helicities must go as a consequence not only of charge
but also of any dipole moment. It is of course not
excluded that the ip of the transversal neutrino spin
which arises at the expense of mass, charge, magnetic,
anapole and electric dipole moments can explain the
possible violation of its chirality.

The absence of one of currents V or A implies that
each of (24) - (26) for the neutrino and the antineutrino
as well as for the left - and right - handed particles is
not di�erent. Such a coincidence takes place even in
the low energies limits of the corresponding types of
interactions.

4. Conclusion

In conformity with laws of the nature of a massive neu-
trino, the presence of any type charge implies the exis-
tence of a kind of the inertial mass [5]. Such a duality of
matter saying about the steadity of charge distribution
of the neutrino and testi�es of that each of all possible
types of the dipole moments arises as a consequence of
the availability of a kind of charge [6]. Therefore, to
reanalyse these features and discuss their some impli-
cations we have established the compound structures of
the di�erential cross sections described the elastic scat-
tering of completely longitudinal and transversal polar-
ized neutrinos (antineutrinos) by spinless nuclei taking
into account the united rest mass and charge, and also
the magnetic, anapole and electric dipole moments of
incoming fermions with neutral currents.

They state that if neutrinos are of longitudinal po-
larized, their charge answers to the elastic scattering
either with or without ip of the spin. The anapole is
responsible only for the conservation of a particle he-
licity. Unlike this, both magnetic and electric dipole
moments lead to the interconversions of neutrinos of
the di�erent components. However, in the transversal
case of the neutrino polarization, each of these process-
es can originate through the interactions of charge as
well as of any dipole moment with �eld of emission.

The exitence of interconversions �L $ �R and
�R $ �L is incompatible with chiral invariance. These
transitions, however, take place owing to the rest mass
dependence of the behavior of the neutrino. At our
sight, this connection implies that a particle chirality
is violated at the expense of the ip of its helicity.

In the case of the neutrino both longitudinl and
transversal polarizations, the process (13) is described
by the three di�erential cross sections corresponding to
the electric, weak and the united electroweak parts of
mass and charge. These cross sections can be de�ned
simultaneously for the same energy, if herewith all the
three momentum transfer have the space - like size.

One of the beautiful new features of our formulas
is the indication to the existence of the di�erent low
energies limits for the same particle regardless of po-
larization type. They of course in the slow neutrino
scattering by nuclei behave as

EE
� ! mE

� ; EEW
� ! mEW

� ; EW
� ! mW

� : (28)

At these values the cross sections (22) and (27)
describing respectively the processes with longitudinal
and transversal fermions are not di�erent:

d�V;AEW (�; s) = d�V;AEW (�; '; s): (29)

For an arbitrary energy such a situation takes place
when be present either vector or axial - vector interac-
tions:

d�VEW (�; s) = d�VEW (�; '; s); (30)

d�AEW (�; s) = d�AEW (�; '; s): (31)

But all the three equalities (29) - (31) there exist
only at the condition that a particle rest mass does not
depend on the type of polarization.

Thus, if it turns out that at the availability of a non
- zero mass the longitudinal polarized neutrino must be
converted into the transversal polarized and vice ver-
sa, this will indicate to the existence of fundamental
di�erences in the masses as well as in the charges of
longitudinal and transversal neutrinos.

Comparing (19) with (24), it is easy to observe the
contribution of sf1�g1� which is absent at the elastic
scattering of longitudinal neutrinos on nuclei but arises
as a result of their transversal polarization. The term
sf2�g2� available in the longitudinal case of the neu-
trino polarization does not appear at the transversal
particles interaction. We can, therefore, conclude that
the invariance of vector and axial - vector types of elec-
troweak currents of longitudinal and transversal neutri-
nos concerning C, P and T, and also their combinations
CP and CPT are di�erent.

Finally, insofar as the spin polarization type depen-
dence of the behavior of massive Majorana neutrinos
is concerned, this question together with some aspects
of the geometrical nature of the inertial mass will be
treatmented in one of our further articles.
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This paper deals with a crucial issue left open by Einstein in his famous 1905 paper in Annalen der Physik.

1. Homopolar Induction. Historical
Scenario

\The most curious electrodynamics experiments are
those where a continuous rotation takes place, called
unipolar experiments". H. Poincar�e [1].

\It is known that Maxwell's electrodynamics-as usu-
ally understood at the present time- when applied to
moving movies, leads to asymmetries which do not ap-
pear to be inherent in the phenomena... Moreover,
questions as to the seat of electrodynamic electromotive
forces (unipolar machines) have no point". A. Einstein
[2].

\The systen of power about the magnet must not be
considered as necessarily rotating with the magnet, any
more than the rays of light which emanate from the sun
are suppossed to revolve with the sun". Michael Faraday
[3].

\This is at variance with our transformation laws
for linear motion, and it is an indication that the abso-
lute rotational motion of the disk... can in principle be
detected". W.K.H. Panofsky [4,5].

\For nearly a century after its discovery... the
unipolar generator was a conundrum for the theory of
electromagnetism... The most vexatious question con-
cerned the 'seat' of the electromotive force". D.F. Bart-
lett [3].

\The whole problem ba�ed the greattest electrody-
namicists of the 19th century". A. Miller [6].

\A warping of space which is attributted to the rota-
tion of distant masses of the universe... shows that an
'extra current' appears and modi�es the electromagnetic
tensor equations", L.I. Schi� [6].

\Rotating circuits and magnets are 'hazardous' for
Special Relativity". D. Webster [7].

\Kennard makes no consideration about inductions
on the galvanometer. This means that he does not con-
sider the galvanometer as a part of the seat of induc-
tion". A.K.T. Assis [8].

1e-mail: gual@ieee.org
1e-mail: fundacionjuliopalacios@usa.net

Figure 1: Faraday's Setup Magnet, Disk and Closing Wire

The essential features of the Unipolar electromag-
netic phenomena (name coined by Weber, nowadays
known as Homopolar phenomena) are shown in Fig. 1,
which sketches the Faraday disk, the �rst conceived
unipolar engine. A conducting disk, free to rotate in
the neighborhood of a permanent magnet, is attached
to a shaft. A closing wire provides a conducting path
between two arbitrary points on the disk. Such device
exhibits a reversible behaviour:

First case

Injecting direct current (dc) from an external source
into the closing wire, its interaction with the magnetic
�eld produces a ponderomotive Laplace force [9] dF =
I (dl � B) responsible for the disk rotation in a motor
con�guration.

With the disk spun by an external source of me-
chanical energy, each moving charge is acted on by the
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Lorentz force F = q (v � B) , and an electromotive force
emf appears in the bulk of the disk, in a generator con-
�guration.

Second case
A seemingly curious fact occurs when the magnet is

attached to the disk. In both the above con�gurations
the system behaves as well as if the magnet were at rest.
Two rival theories, a relativistic and an absolutistic one,
are customarily applied to describe unipolar phenome-
na:

Relativistic view.
A generator con�guration makes sense only by the

motion of the magnet relative to the conductor: the
disk itself in the �rst case, the closing wire in the sec-
ond one. In a motor con�guration, what matters is the
possibility of relative motion between the magnet an the
conductor: the disk in the �rst case, the closing wire in
the second one.

Absolutistic view.
A generator con�guration is enabled only because

of the absolute motion of the conductor: the disk in
both the �rst and second cases. Here absolute means
\relative to a frame where the preponderance of the
mass of the universe is at rest" [4,5] .For the present
purposes, the lab frame acts as an acceptable absolute-
motion reference [10,11]. From an absolutistic view,
the magnet's rotation with @B/@t = 0 in each point
of the surrounding space is unable to produce an emf
on nearby conductors [12]. The rotation observed in a
motor con�guration is attributed in this framework the
the magnet \dragging" e�ect by the conductor, with
the closing wire acting as a \passive" circuit element.

Experimentation performed on the original Faraday
setup is not availabe to rule out none of the two above
interpretations [3]. A remarkable experimental paper
stressing the true relativistic nature of homopolar in-
duction was recently published by A. Kelly [13].

2. A modi�ed Faraday disk

Fig. 2 shows the asymmetrical rotor, a modi�ed version
of the original Faraday disk, in which a region of the
magnet- the singularity from here on- was removed in
order to achieve a B-�eld inversion [14,15,16,17]. Out-
going (ingoing) B vectors are represented by the � (
)
symbol. The magnet is embedded in a wood cylinder
anchored to a vertical shaft terminated in sharp points
at both ends. While the lower one lays on a hard-
polished surface, the upper one is centered by a conical
bearing enabling its almost frictionless rotation. The
inner and outer mercury collector rings allow to close a
circuit through the closing wire. Mounted on a bearing
centered with the shaft is a radial probe wire, whose
ends are in contact with the collector rings. The probe
is free to rotate about the shaft.

Fig. 3 shows the asymmetrical rotor as applied to

Figure 2: Layout of the Asymmetrical Rotor Applied to
the Experiments

Figure 3: Asymmetrical Rotor Layout as Applied to Ex-
periment 2
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generation experiments. Here the magnet was embed-
ded in a teon disk and was dynamically balanced ac-
counting for the missing mass. The inner and outer
copper collector rings enable the instrument's connec-
tion closing wire, terminated in carbon-electrode sliding
contacts.

3. Experimental

Along the last decade a long series of experiments were
performed on unipolar induction, some of them with
the aid of the asymmetrical rotor [14,15,16,17,18,19].
Since most of them has been described with much de-
tail [14,15,16,17], we restrict ourselves here to report
only two of the whole series. Many of the these experi-
ments were successfully repeated around the world last
months [20,21,22,23,24,25,26,27,28,29].

MOTOR CONFIGURATION
a) Rotor anchored to the lab, probe free to rotate

above the magnet's downward magnetic �eld region:
As expected by both, relativists and absolutists, a net
probe clockwise rotation took place when ingoing dc
was injected. Here the force F =

R
probe

I (dl �B) is

responsible for the observed rotation.
b) Probe anchored to the rotor above the magnet's

downward magnetic �eld region, both free to co-rotate.
Contrarily to the absolutistic expectation, a net rotor
counterclockwise rotation took place when ingoing
dc was injected. This sole experiment su�ces to de�ni-
tively reject the \dragging" hypothesis.

GENERATOR CONFIGURATION
a) Probe located on the rotor in the magnet's up-

ward magnetic-�eld region. The rotor in clockwise ro-
tation. A voltage (Vi � Vo)uw > 0, between the inner
and outer ring, was measured. Within the absolutistic
framework, the above voltage is generated in the bulk
of the probe due to the Lorentz force, which integrated
along it gives an emf =

R
probe

(v �B) :dr . As it is ob-

vious, the here involved velocity is the probe's absolute
one, since magnet's rotation (provided @B/@t = 0 at
each point in the space) is irrelevant within an abso-
lutistic framework [3,4,6,12].

From a relativistic viewpoint, the seat of the voltage
is located on the closing wire, which is at relative mo-
tion with the magnet. Again, Lorentz force is respon-
sible for the measured emf 0 =

R
closing�wire

(v0 �B) :dl ,

wherein v0 labels the velocity at which the considered
closing-wire element moves with respect to the magnet.
The fundamental theorem divB = 0, plus some ele-
mentary symmetry considerations [19] allow us to probe
that emf 0 = emf . Briey speaking, the emf devel-
opped on the closing wire at rest in the lab with magnet
and probe rotating clockwise, is identical to the emf
generated on the clockwise-rotating probe with magnet

and closing wire stationary in the lab. The above anal-
ysis justi�es, for the �rst time, conceptually wrong cal-
culations performed by absolutists when dealing with
magnet-probe sets co-rotating in the lab.

b) Probe located on the rotor in the magnet's down-
ward magnetic-�eld region. The rotor in clockwise
rotation. Again, and contrarily to absolutists expec-
tations, a voltage (Vi � Vo)dw > 0 was measured, as
well as in the �rst case. This sole experiment su�ces
to de�nitively reject the absolutistic claims.

4. Dogma versus Experiment

The author of this paper was, in the past, an enthusi-
astic advocate of the absolutistic paradigm concerning
unipolar induction [31,32]. The above due to debat-
able philosophical reasons and, mainly, to his own ig-
norance of the powerful machinery underlying Weber's
electrodynamics, a true relativistic doctrine also avail-
able in the realm of Mechanics [10,11,33]. But dogma
are words, and laboratory experiments are real and,
sometimes, we are compeled to change old paradigms.

5. Concluding Remarks

The reported experiments show - beyond any reason-
able doubt - that a probe wire, when moving attached
to the magnet, only plays a passive role (to provide
a current path) in the whole phenomenom. Both the
ponderomotive and electromotive observed e�ects are
in such a case due to the magnet motion relative to the
closing wire.

The key of the succes of the reported experiments
lies in the topological features of the magnet's singu-
larity. The short-range �eld reversion region allows the
inversion of the ponderomotive and electromotive ef-
fects on the probe, leaving the actions on the closing
wire insensitive to that B-�eld reversion. This very
relevant fact was exhaustively checked with the aid of
speci�c experiments [14,15].

Is indeed the Third Newton Law the crucial piece
which allows us to rule out the absolutisitic view on
homopolar phenomena in a motor con�guration. In
fact, the whole action can be splitted in two elementary
interactions:

Magnet-Probe interaction:
The magnet produces a counterclockwise torque on

the probe, and the probe exerts an equal but opposite
torque on the magnet.

Magnet-closing wire interaction:
The magnet exerts a clockwise torque on the closing

wire, and the wire an equal but opposite torque on the
magnet. With the probe attached to the magnet, there
is no chance for relative motion between them. Con-
sequently, due to the action-reaction cancellation e�ect
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Figure 4: Rotational Torques Acting on the Rotor and on
the Closing-Circuit Wire

in this case, rotation is forbidden. Conversely, with the
closing wire mechanically decoupled from the magnet,
relative motion of the latter is permitted. The torque
exerted by the closing wire on the magnet is responsible
for the observed rotation (Fig. 4).

After 170 years of controversy and bewilderment,
we know that-as far as induction is concerned a wire
clockwise rotation upon a stationary magnet is equiv-
alent to a magnet counterclockwise rotation with the
wire stationary in the lab (Fig. 5). The above state-
ment, contrary to the customary belief [34], is the main
outcome of our pioneering work �rst advanced in Ape-
iron [14] and in Spacetime & Substance Journal

The new experimental evidence puts the end point

Figure 5: Homopolar induction only depends on the motion
of Magnet relative to Disk

to some claims concerning homopolar engines with an
e�ciency greater than unity [35] and opens the way for
further experimental and theoretical search. Particu-
larly, Jehle's electron model deserves to be thoroughly
reviewed [3,16].
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