Journal of Modern Physics, 2014, 5, 1839-1847 .0:0 Scientific
Published Online November 2014 in SciRes. http://www.scirp.org/journal/imp ‘0::0 Research
http://dx.doi.org/10.4236/jmp.2014.517180

On Motion, Its Relativity and the
Equivalence Principle

Gabriel Barcelo

Advanced Dynamics S.A., Madrid, Spain

Email: gabarce@iies.es

Received 31 August 2014; revised 26 September 2014; accepted 18 October 2014

Copyright © 2014 by author and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The Equivalence Principle put forward by Albert Einstein is currently undergoing comprehensive
revision to determine its degree of accuracy. Notwithstanding, this principle refers to a very spe-
cific circumstance, as free-fall; thus in our opinion it cannot be generalised to any other move-
ment in space. This paper refers to the dynamic hypotheses of moving rigid bodies and a particu-
lar, structured theory that would establish how such bodies behave when subject to different ac-
tions that oblige them to make successive, non-coaxial spins. With respect to bodies subject to ac-
celeration by rotation, we understand that there are indications to identify the prior dynamic
state of the moving object and that examples of a violation of the aforementioned Equivalence
Principle can be deduced thereof. Based on the findings of this paper and the theory put forward
herein, we suggest that an observer can identify the prior situation of absolute rest or absolute
non-rotation of a body, thus leading to the conclusion that movement does not necessarily have to
be a relative concept. The foregoing leads us to propose that the Equivalence Principle is fully va-
lid for the situation put forward by Albert Einstein, but cannot be generalised to any dynamic situ-
ation.
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1. The Equivalence Principle

When Albert Einstein stated that, “We (...) assume the complete physical equivalence of a gravitational field and
a corresponding acceleration of the reference system” [1], he was putting forward the Equivalence Principle, the
grounds for his General Theory of Relativity and for the new concepts that he introduced into physics with re-
spect to movement and space-time.

According to the original Equivalence Principle, as described by Einstein himself, the free-fall of a body in
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space subject to a gravitational field is physically equivalent to inertial movement. Many conclusions concerning
body movement and mass can be deduced from this principle.

Indeed, numerous experiments and tests have been carried out to verify the Equivalence Principle, including
testing the equivalence between gravitational mass and inertial mass.

There are several ongoing experiments using satellites to test the Equivalence Principle from space. For ex-
ample: Satellite Test of the Equivalence Principle (STEP), GALILEO GALILEI and Micro-satellite pour
I’Observation du Principe d’Equivalence (MICROSCOPE).

STEP is being carried out by Stanford University and an international team of collaborators. It will be capable
of detecting any slight deviation from the Equivalence Principle at the level of 1 part in 10

The French programme, MICROSCOPE, will have two pairs of test masses and will be capable of detecting
any violation of the Equivalence Principle with a sensitivity of 1 part in 10™°. According to the initial programme,
it is estimated that its findings will not be known or used until 2018.

The Italian experiment, GALILEO GALILEI, is of similar design, although it only uses one pair of test
masses. To improve the accuracy of the experiment, the satellite will be turning on its central axis at a speed of 2
revolutions per second. The experiment should be capable of achieving a sensitivity of 1 part in 10*.

These experiments aim to test the universality of free-fall and to define the degree to which the Equivalence
Principle and, where appropriate, General Relativity, are accurate.

Nevertheless, we believe that it is now possible to find new fields of research into the Equivalence Principle
and possible violations of it. However, we do not know whether other authors have made similar contributions
to those we are proposing in this paper.

2. Research Project

I have always been greatly interested in the behaviour of rotating bodies, and specifically in the case of a rigid
body undergoing different, non-coaxial spins.

The dynamic systems in the universe are in constant motion, but also in constant dynamic equilibrium,
free-fall being an exceptional and unusual phenomenon. We cannot but be struck by the dynamic harmony of
the cosmos, which continues to maintain its apparent stability over time. At the very heart of this dynamic equi-
librium there is a fact that stands out and is repeated and reiterated over time: celestial bodies are not only in or-
bit, they also have intrinsic rotation. It was speculations about this aporia or puzzle, together with the conjec-
tures of Prof. Miguel A. Catalan [2] (see Figure 1), that led us to research this area.

Our initial speculations and conjectures:

A. Dynamic behaviour of rigid solid bodies in non-inertial systems:
e dynamic equilibrium: universe in constant dynamic balance;

e orbiting coexists with intrinsic rotation.

B. Prof. Miguel A. Catalan’s conjectures.

Over the last thirty years, we have conducted research with the aim of understanding the behaviour of rigid
bodies that are experiencing simultaneous non-coaxial spins. This research has led us to propose new hypotheses

Figure 1. Miguel A. Catalan Safiudo, spectroscopist (Zarago-
za; 1894 - Madrid; 1957).
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in the area of field theory to explain the dynamic behaviour of bodies that are subject to acceleration by non-
coaxial spins.
Our initial aims in this project were:

to analyze non-inertial systems;

to research rotating bodies;

to study the behaviour of rigid bodies experiencing simultaneous non-coaxial spins;

to study inertial reactions: multiple rotations.
In studying the rotational dynamics of bodies, we have had to define exact terms for specific physical con-
cepts. Accordingly, in this paper we refer to bodies endowed with Intrinsic Angular Momentum [3], in Constant
Rotation, in which the Rotational Inertia generates Dynamic Interactions caused by a Coupling [4] or the
non-discriminating algebraic addition of velocities. The concept of the Intrinsic Rotation of a body is equivalent
to that of spin in quantum mechanics. All of these concepts have been developed in previous texts [5].

“We define the inertial reactions shown in matter when it is subjected to accelerations to be Dynamic Interac-
tions (DI). These are shown in nature at all scales of magnitude. Any physical system and boundary conditions
can be represented by a Lie group. The phase space of this dynamic is 8-dimensional and is described in a qua-
ternionic Kahler variety of symplectic geometry. This would have two types of fields simultaneously: one cor-
responding to the actual forces applied, and the other corresponding to inertial forces due to the Dynamic Inte-
ractions (DI) generated” [6]. Our findings led us to propose the Theory of Dynamic Interactions (TDI), which
can be consulted on several websites [7] and in several texts [8]. These sources explain how this theory has
far-reaching effects on the basic principles of dynamics, not to mention cosmology [9], astrophysics [10], atomic
physics and technology [11].

At the end of the 19th century, M. E. Jouffret had already begun to analyze the dynamic reactions caused in a
particle of a rigid body when it is subjected to successive non-coaxial torques [12]. M. Hirn stated that a non-
homogeneous velocity distribution was generated in such situations [13].

In our studies, we have come to the conclusion that the dynamic behaviour of a rigid body moving in space is
determined by the dynamic fields that are generated in it. In the case of simple rotation, the velocity field gener-
ated is isotropic. However, if the body is subjected to an additional rotation that is not coaxial with the first one,
a new anisotropic velocity field is generated, as stated above. Figure 2 shows the velocity fields that are gener-
ated at the edge of a disc that is subject to rotation (homogeneous distribution) and those generated when it is
subjected to two successive torques that are not coaxial (hon-homogeneous distribution).

The fields of speeds determine the behaviour of the body
FIELD OF SPEEDS
HOMOGENEOUS ANISOTROPIC

Disc with axial symmetry Disc after adding a non-coaxial rotation to the
in own rotation own rotation

Constant tangential speed Caused Additional to the prior constant tangential speed
by the rotation there now is a variable speed depending on the

position of the particle

V,=0-5-cos@

Figure 2. Comparative analysis of the velocity fields generated in rotation and by subjecting
the body to two successive non-coaxial torques.
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These non-homogeneous fields generated in the moving object are what cause its change of path, since they
cause it to change the direction of its translational speed. Figure 3 shows the velocity fields and accelerations of
a body subjected to two successive torques, each applied to a different perpendicular axis.

Based on these studies, it is possible to both conceive of and structure a new rotational dynamics for non-in-
ertial systems. This new rotational dynamics could answer important problems in physics that are as yet unre-
solved, or have hitherto been wrongly interpreted.

Based on these principles, we have created a rotational dynamics in which the translation velocity field is
coupled, or vectorially added, to the anisotropic velocity field of the velocities generated by the second moment,
remaining constant and independent of the inertial rotation velocity field, due to the Rotational Inertia. This way
of understanding the dynamic behaviour of rotating bodies differs from the one that has been traditionally ac-
cepted in classical mechanics since Poinsot [14], which only allows for the coupling together of the movements
caused by equivalent external moments.

In our proposal, we apply the criterion of superimposing movements through the non-discriminating coupling
of velocity fields on each of the points on the moving body’s mass, instead of the Poinsot criterion. According to
our hypothesis, the translation velocity fields are algebraically added to the velocity fields generated by the
second torques and, instead of a new rotation, the result is a movement in which the centre of mass of the mov-
ing body is orbiting while, at the same time, maintaining its initial intrinsic rotation. The path of the body’s cen-
tre of mass therefore changes, without any external force being applied in that direction.

Certain axioms and laws of behaviour [15] for these hypotheses have been deduced from the principles of the
conservation of total mass, total energy and the amount of movement.

An equation for non-differential movement has been deduced from this theory, according to which the trans-
lational velocity of the centre of mass of a body which is subjected to accelerations caused by successive,
non-coaxial torques, is determined by a rotation in space of the initial translational velocity. This initial transla-
tional velocity of the moving body’s centre of mass is defined by the matrix W, as can be seen in Figure 4.

The proposed hypotheses and axioms not only fully explain the initial aporia or puzzle inherent in the fact that
bodies in the observable universe both rotate and orbit, but also provide explanations of the behaviour of celes-
tial bodies in general, not to mention the flight of the boomerang [16].

Videos have been created [17] that present this theory. Moreover, we have conducted several experiments
which confirm it, and videos of these experiments can also be viewed [18]. Based on documents we have pub-
lished in journals and conferences, other experiments have also been carried out by independent researchers [19]
who are not connected to our team. These other experiments can also be viewed on the Internet [20].

RATIONAL DEDUCTION
In the assumptions of simultaneous non-coaxial rotations
the rigid body experiences non-homogeneous fields

Non-homogeneous speed Non-homogeneous
fields acceleration fields

Figure 3. The velocity fields and accelerations that are generated in a body subjected to two
successive non-coaxial torques are not homogeneous.
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Figure 2. The rotational operator ¥ transforms, through one rotation «, the
speed vector Vg into the speed vector v, both always situated on an identical
plane, in this example on the XY plane

Figure 4. Movement equation.

3. The Relativity of Motion

Absolute space is a concept that was described by Newton [21] in order to give his laws of dynamics universal
validity. This concept made it possible to conceive of a universal reference system that could be applied to any
movement, and, at the time, it seemed to be logically indisputable.

However, nearly two hundred years later, the analysis and innovations contributed by Ernst Mach [22] to the
field of mechanics and, specifically, his analysis of the nature of the inertia of bodies, led scientists to abandon
the abstract concept of absolute space. Absolute space and time were, for Mach, concepts based on anthropo-
morphic assumptions that lacked sufficient scientific foundation, and were tantamount to considering the Earth
to be the centre of the universe.

Since Einstein, movement has been understood to be a relativistic concept, a function of the observer’s refer-
ence system. Different observers can use different reference systems. Therefore, in relating the observations
made by different observers to each other, the movement of each reference system in relation to the other sys-
tems must be taken into account.

Clearly, if the concept of movement is relative, so is the concept of the absence of movement, i.e. the concept
of rest. Based on these premises, conventional present-day physics believes that it is not possible to determine
the absolute dynamic state of a body, given that this is always understood to be defined solely by its relative
frame of reference.

Absolute Rotation

The rotation of a body that is rotating independently of any external reference, i.e. is in absolute rotation, has
long been debated, and this will be analysed in this paper on the basis of the dynamic theory we have proposed.
This analysis is conducted quite outside, and separately from, any possible controversy as to the existence of
absolute time and space.

This absolute rotation is a question that interested Newton, who suggested several tests for detecting a body’s
possible intrinsic rotation. For example, in the case of a bucket filled with water, the geometry of the liquid sur-
face, according to Newton, would enable us to determine whether it was the bucket or the observer that was ro-
tating. If the bucket were rotating on its axis, the centrifugal force would have modified the supposedly flat sur-
face of the water. The tension of a string joining two spheres that are rotating around their centre of mass can
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also be used to infer this rotation, once again on the basis of the effect of centrifugal force. An object’s geome-
trical distribution was another argument often resorted to, using the Earth itself as a reference: its rotation could
be detected if it were flat at the poles and bulged at its equator. This rotation could also be inferred from the
shape caused by the secular equilibrium between gravitational attraction and the centrifugal force.

4. Logical Deductions from the Theory of Dynamic Interactions

Having given this brief historical analysis of the relativity of movement, we would like to suggest that, on the
basis of the Theory of Dynamic Interactions (TDI) we are proposing, an observer could identify the dynamic
state of a body in space, whatever the reference systems used. In fact, that is the conclusion we have reached.
Moreover, it is possible to determine the following: the nature of the movement of a body in space; whether the
system we are observing is subject to acceleration caused by a gravitational field or not; and whether or not we
are observing a non-inertial, accelerated system.

We propose to conduct certain thought experiments to substantiate these claims. Let us suppose that we are
observing a rigid body that has intrinsic rotation in space with respect to the observer. Even though the observer
remains in a stationary position with respect to the moving body being observed, he will not, in principle, be
able to know its absolute dynamic state.

However, we can subject that moving body to a torque that would cause it to spin on a different axis. In this
case, in accordance with the hypotheses being proposed, certain dynamic reactions could occur, and the observer
may perceive one of two new situations:

o the rigid body acquires a new intrinsic rotation that coexists with the existing non-coaxial one, but does not
change its relative position in space; or
o the path of the body changes in relation to the observer, and it does not acquire any new intrinsic rotation.

In the first case, the observer can infer that the observed body does not move in space—i.e. it has zero intrin-
sic translational speed.

In the second case, the observer may conclude that the observed body has translational speed, and therefore,
that both are moving in space. In addition, if the moment remains constant and the body launches into a closed
orbital path, the observer can even infer that the translational speed is constant (Figure 5). Moreover, if the body
enters a spiral path, the observer can infer that its own translational movement is accelerated (Figure 6). Indeed,

Mass center trajectory

Figure 5. TDI path of the centre of mass of a moving object with intrinsic rota-
tion that is simultaneously subjected to an external moment that is not coaxial
with its intrinsic angular momentum. This path was obtained via computer si-
mulation for the hypothetical case that both the applied moment and the trans-
lational linear speed of the moving object are constant. Simulation conditions:

tangential speed 5 m/s.
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Mass center trajectory

Figure 6. Path of the centre of mass of a moving object, in the hypothetical
case that the applied moment is constant, but the translational linear speed of
the moving object is changing. This was obtained via computer simulation,
based on the mathematical model of dynamic interactions. Tangential speed
changes according to S = 5 + 0.2*t (m/s). Constant torque, always perpendi-
cular to the tangential speed vector.

it is even true that he is able to distinguish whether the body was decelerating or accelerating, depending on
whether the trajectory of the body observed is in an inward or outward spiral [23].

This logical example shows us that it is possible to identify the prior dynamic state of a body in space, and
state whether it was moving or immobile, regardless of the systems of reference.

We can also analyse the rotational state of a moving object that is under observation, regardless of whether or
not we can perceive its possible intrinsic rotation. We can subject the said body to successive non-coaxial tor-
ques, and if it changes its path when the first torque is applied, we can logically deduce that the body had prior
intrinsic rotation, as well as translational speed. If the change of path occurs after the second, non-coaxial torque
is applied, the body initially had no intrinsic rotation, but it did have translational speed. It was in a state of ab-
solute zero rotation. Lastly, if, in this second case, the body does not change its path with respect to the observer,
this means that initially it did not have either intrinsic rotation or initial speed: the body was at absolute rest.

It can be seen how, by means of these thought experiments, it is possible to identify the dynamic state of a
body being observed, regardless of its systems of reference.

This procedure of logical deduction will also enable us to determine whether the body is subject to accelera-
tion as a result of a gravitational field, or is a non-inertial, accelerated system. In the former case, the body’s ac-
celeration will be constant as it moves towards the attracting mass. In the latter case, applying successive
non-coaxial torques will cause the moving body to follow a spiral course.

Clearly, for our proposal about the concept of absolute rotation to be scientifically significant, the necessary
experiments should be carried out to verify our logical deductions from the thought experiments. According to
our reasoning, we could identify whether an object is stationary or rotating on its own axis, or if it is the fact that
the observer is moving that leads us to this possible deduction, thus overcoming the conceptual barrier represented
by the relativity of motion.

We also suggest that the dynamic tests and experiments to check the validity of the Equivalence Principle
should be conducted in a general, natural setting and not in the specific case of free-fall. Indeed, it is possible
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that in those other settings we may find a significant exception to the Equivalence Principle.

5. Conclusions

We have analysed the physical phenomenon of a rigid body that is subject to multiple rotations around different
axes, and deduced the laws governing its behaviour and their mathematical expression, which is a rotation ma-
trix.

Classical mechanics made it possible to create a mathematical model of an inertial, physical world, and pro-
vided satisfactory results. However, with respect to rotational dynamics, it fails to give us a suitable structured
conceptual context, since it demands the use of analogies or references to specific dynamic effects, such as that
of the gyroscope.

Relativity represented a major advance in our understanding of the dynamics of accelerated bodies. It may,
however, be extended for certain cases, such as that of a body subjected to successive actions that result in non-
coaxial spins.

In such cases, we suggest a clearly structured rotational dynamics, based on conservation principles and well-
defined axioms, such as those put forward in the Theory of Dynamic Interactions.

The logical deductions proposed are based on the hypotheses of the theory being put forward, which in turn is
founded on the coupling of the fields of the translational velocities at each point on the moving object, whether
these fields are caused by translational movements, or are generated by the action of forces that are non-coaxial
with the moving body’s pre-existing intrinsic rotation.

In our opinion, applying field theory makes it possible to discover new areas of research into rotational dy-
namics. These new criteria involving the coupling of fields of velocities at points in rotationally accelerated sys-
tems have been confirmed by experiments and also simulated by means of a mathematical model.

We believe that these results suggest new horizons for rotational dynamics and new keys to understanding the
harmony of the universe. This is a universe made up not only of forces, but also of their moments, which, when
they act constantly on rotating rigid bodies that also have constant translational speed result in movement in a
closed orbit. This is therefore a system in movement, albeit one in a constant state of equilibrium.

Indeed, is this not the equilibrium of the cosmos and the behaviour of the celestial mechanics that we observe?

We consequently believe that the mathematical model we are proposing is of clear importance. Moreover, we
believe that a model is necessary in order to understand the dynamics of rotating bodies, and specifically, if we
are to understand the dynamics of the cosmos, with bodies in orbit and with constantly recurring movements that
make it possible for systems that are in centuries-long dynamic equilibrium and not in steady, limitless expan-
sion. We further believe that this new theory of dynamics will afford us a greater understanding of the universe
and the matter of which it is made. We have seen how, in the cases of bodies subjected to accelerations by rota-
tion, it is possible to find ways of identifying the moving object’s previous state, and that from these, violations
of the Equivalence Principle can be deduced.

An observer can identify the dynamic state of a body in space and even whether or not it was previously in a
state of absolute rest or absolute absence of rotation, and this leads us to the conclusion that movement does not
necessarily have to be a relative concept. We have come to this conclusion by means of logical abstraction,
whereby an observer can identify the dynamic state of the moving object under observation by its responses, but
we believe that this logical deduction can be experimentally validated, and will thus confirm the true nature of
the movement of matter.

We also propose that the Equivalence Principle is fully valid for the situation put forward by Albert Einstein,
but cannot be generalised to all other cases of moving bodies.

We suggest a detailed and in-depth study made of the hypotheses we are putting forward, and we seek to have
the requisite experiments conducted to confirm them. This would require experiments to be performed on mod-
els in orbit having intrinsic rotation.
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