
 

Adv. Studies Theor. Phys., Vol. 6, 2012, no. 18, 855 - 861 
 
 
 
 
 

 

A Source of the Inertial and Gravitational            
 

Properties of the Matter Objects 
 
 

Vladimír Skalský 
 

Faculty of Material Sciences and Technology of the Slovak                                 
University of Technology, 917 24 Trnava, Slovakia 

vladimir.skalsky@stuba.sk 
 

 
Abstract 

 
From the analysis of the relativistic and quantum-mechanical properties of 
particles it results that the source of inertial and gravitational properties of 
matter objects are the quantum fluctuations of particles in a local space-time 
(field). 

 
Keywords: General relativity and gravitation, Special relativity, Quantum mechanics, 
Theory of quantized fields, Quantum electrodynamics, Electroweak theory, Quantum 
chromodynamics, Quantum theory of gravitation, Theory of everything 
 
 
1  Introduction 
 

At the beginning of 20th century two complementary fundamental physical theories 
originated that describe the physical reality: the Einstein theory of general relativity 
(GR), which describes the macro-world and the quantum mechanics (QM), which 
describes the micro-world. 

At present time we already know reliably that the relativistic macro-world in a final 
result is formed by the quantum-mechanical objects and vice versa, the quantum-
mechanical objects can exists only in a relativistic macro-world. Therefore, the macro-
world and micro-world form a unified actual whole of a relativistic–quantum-
mechanical physical reality (universe) [18, 22, 23, 24].  

The macro-world is described by GR, and its two special partial solutions: the 
Einstein theory of special relativity (SR) and the Newton theory of general gravitation. 

The micro-world is described by QM, more specifically by the quantum field theory 
(QFT).  
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In the nature, we know four basic forces (interactions): electromagnetic, weak 

nuclear, strong nuclear and gravity. 
The electromagnetic interaction explains the electricity, magnetism, and 

electromagnetic waves including light. The electromagnetic interaction is carried by the 
photon.  

The weak nuclear interaction causes the beta decay. The weak interaction is carried 
by three kinds of gauge bosons: W+, W– and Z0.  

The strong nuclear interaction holds quarks together to make hadrons. The strong 
interaction is carried by eight kinds of gluons.  

The gravitational interaction causes the attraction between objects with mass. This 
interaction is the fourth fundamental interaction, which may also be carried by a 
hypothetical boson called the graviton. So far, however, the graviton has not been 
discovered and a mathematically coherent quantum theory of gravitation does not exist. 

The combined theory of the electron, photon, and electromagnetism is called the 
quantum electrodynamics (QED). The electromagnetic interaction and weak interaction 
are unified into the electroweak theory. The theory of quarks, the strong interaction, and 
gluons is called the quantum chromodynamics (QCD). 

In the last decades, intensive efforts are going on at unifying all fundamental 
physical interactions into a unified complex metatheory marked as the theory of 
everything (TOE). 

However, in spite of great effort, there was yet no success in unifying the gravity 
with other interactions. The largest obstacle in attempts at unifying them is the fact that 
GR is a classical deterministic theory which does not contain the Heisenberg 
uncertainty principle (relations) [12]. The QED, electroweak theory and QCD are by 
their nature the quantum theories, which contain the uncertainty relations. Therefore, 
the essential and necessary condition of joining QED, electroweak theory and QCD 
with GR into a unified complex metatheory TOE, is to unify the GR with the 
Heisenberg uncertainty principle.  

At the present time we are in a situation when we have GR which is confirmed by 
observations with the uncertainty 10–14 and QFT which is confirmed with the 
uncertainty 10–11 [11, 13]. However, in all attempts to unify them into some of present 
variants of the quantum theory of gravitation, the results deplorably fail.  

However, in the nature the connection of the micro-world and the macro-world 
works perfectly. 
 
 
2 An analysis of the relativistic and quantum-mechanical properties of the 

particles 
 
The failure of all hitherto existing attempts to create the quantum theory of 

gravitation was probably caused by the introduction of the unfounded additional 
hypothetical assumptions. Therefore, we try to avoid the problems that arise when 
combining GR with QM (more specifically with QFT) so that we look on the 
correlation of the macro-world and the micro-world through the analysis of relativistic  
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and quantum-mechanical properties of particles, without introducing any other 
additional hypothetical assumptions. 

We first look at how a particle⎯located at a large distance from matter 
objects⎯behaves according to the SR (which is a special partial solution of the GR), 
and how it behaves according to the QM. 

When the particle is at rest, then⎯according to SR⎯permanently remains in the 
same place.  

According to QM the particle⎯due to the uncertainty relations⎯permanently 
fluctuates. Should we, however, observe it for a sufficiently long time, we would find 
out that the fluctuations take place around a certain resultant position and have a 
probabilistic, statistical nature. Therefore, although the particle permanently fluctuates 
due to the uncertainty relations, from the long-term point of view it remains at the same 
resultant place, which is identical with the place, at which we observe it from the 
viewpoint of SR. 

For the particle at rest⎯according to SR⎯the principle of inertia is valid. 
Representation of the particle at rest according to SR is different from its representation 
according to QM only in this respect that we in it abstract from its quantum-mechanical 
fluctuations.  

From this fact and the fact that the relativistic macro-world is formed by the 
quantum-mechanical objects it results: The causes of the resultant inertial properties of 
the particle are its quantum-mechanical fluctuations in the local space-time (field). 

Now let us look how the same particle will behave, should we move with respect to 
it by a uniform rectilinear motion. 

Because the motion is relative, we will see the particle moving to us by a uniform 
rectilinear motion.   

From SR viewpoint we find that as the result of the Lorentz transformations, the 
particle has the special-relativistic properties [2].  

Because the motion is relative, also all special-relativistic properties are relative. For 
example, the observer in the inertial coordinate system A observes the special-
relativistic properties in the inertial coordinate system B, moving with respect to him at 
a certain constant velocity. However, the observer in the inertial coordinate system 
B⎯due to the relativity of motion⎯observes them in the inertial coordinate system A.  

The special-relativistic properties observed in the inertial coordinate systems 
moving to each other at the same constant velocities are⎯due to the relativity of 
motion⎯reciprocal, hence one cannot explain them by an interaction mediated by any 
real or hypothetical particles. (This fact is so evident that nobody tried it!) 

According to Einstein, special-relativistic effects can be explained only as a 
consequence of the relative motions of matter objects in a uniform four-dimensional 
space-time (field). 

From the viewpoint of QM we find out that the particle continually fluctuates 
around the statistically resultant position which moves with respect to us uniformly and 
rectilinearly and is identical with particle position observed from the viewpoint of SR. 
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(The above given thought experiments of the particle behaviour according to QM 

and according to SR de facto describe the behaviour of the particle according to QFT, 
which is a combination of QM and SR.) 

Albert Einstein in 1907 remarked that if somebody falls down free fall in a 
gravitational field, he does not feel his own weight because his acceleration 
compensates the action of gravity. Basing on this remark, he performed a famous 
thought experiment with a box (which is now more known as the thought experiment 
with a lift), resulting that in a closed box one cannot distinguish between acceleration 
and the gravity. But if gravity is indistinguishable from acceleration, it can not be 
anything other than acceleration [3].  

Einstein in 1911 on the bases of this thought experiment postulated the principle of 
equivalence of gravity and inertia, according to which the gravitational and inertial 
forces have the same physical nature and the same physical laws are valid for them [4].  

The equivalence principle enabled Einstein to generalise the principle of relativity to 
all coordinate systems and derive the influence of gravitational field on the course of 
phenomena, which he already knew in the case of a gravitational field absence.  

An important role in this case played further Einstein thought experiments with the 
bodies in space-time without the gravitation field.  

Einstein imagined that one from the bodies has the form of a flat disk, which is 
uniformly rotating towards another body. An observer sitting on the rotating disk 
eccentrically feels the centrifugal force, which acts radially from the centre of the disk. 
The centrifugal force is the resultant of inertia of the matter objects, which are 
eccentrically situated on the rotating disk. According to Einstein, the observer⎯on the 
basis of the equivalence principle⎯can consider the rotating disk as a quiet coordinate 
system and the force, which acts on him, can be considered as the action of the 
gravitational field. (But this gravitational field is very curious. Its intensity in the centre 
of the rotating disk is zero and proportionally with the distance from the centre 
increases.) 

If the observer sitting at the rotating disk observed the clocks, which are installed in 
various distances from its centre, he would find that the clocks are going at different 
speeds. If he measured the ratio of the radius and the circumference of the rotating disk 
he would find that the Euclid geometry is not valid on this disk … etc. [9]. 

Einstein on the basis of the equivalence principle and those thought experiments 
concluded that matter objects curve the space-time (create a gravitational field).  

In 1915 Einstein constructed the gravitational field equations, and in 1917 modified 
them [5, 6, 8]. 

In 1938 Albert Einstein with Leopold Infeld and Banesh Hoffmann proved that the 
Einstein field equations describe not only the gravity, but also the motion of matter 
objects in the four-dimensional space-time (field). So they succeeded to overcome the 
separation of the field equations and the laws of motion [10]. 

Einstein field equations describe the gravity and the motion of matter objects, 
but they do not explain them! 

If the inertial properties of matter objects are the consequences of the particles 
quantum fluctuations, and if the Einstein equivalence principle is valid, then the  
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gravitational properties of physical objects can not be anything other than the result of 
the particles quantum fluctuations. 

The Einstein equivalence principle (according to which the gravitational and inertial 
forces have the same physical nature and the same physical laws are valid for them), 
and Heisenberg uncertainty principle (according to which particles fluctuate in the local 
space-time), allow us to generalize the results of the thought experimental observation 
of particles in the space-time geometry of SR, and to the accelerating motion of particles 
in the gravitational field.  

Macro-objects are composed of a large number of particles. The particles⎯due to 
the uncertainty principle⎯permanently fluctuate. The effects of the permanently 
fluctuating particles, which compose macro-objects, compensate each other and⎯on the 
macro-physical level⎯only their resulting motion exhibits itself. Therefore, macro-
objects⎯composed from permanently fluctuating particles⎯have inertial-gravitational 
properties and in the gravitational field move along the Einstein geodetic lines [19].  

If something hampers the resting or free motion of matter macro-object, it responds 
to the given action or obstacle by the force manifesting itself depending on concrete 
conditions as the inertial or gravitational forces [7].  

From the above analysis it results: The inertial and gravitational forces are caused 
by the same source: the quantum fluctuations of particles in a local space-time (field). 

This conclusion explains and specifies the nature of the Einstein equivalence 
principle and uncovers the secret of mathematical and physical connection of GR with 
the Heisenberg uncertainty principle: The Einstein classical deterministic theory of GR 
is connected with the Heisenberg uncertainty principle (and thus also with QED, 
electroweak theory and QCD), in the only one possible way: statistically. 

Between the kinetic energy of a matter object delivered to it from outside and the 
resulting energy of fluctuating particles in gravitational field is a principal difference. 
After braking of the body down, the kinetic energy delivered to the matter object from 
outside vanishes (it transforms to other forms of energy). The gravitational force, 
however, acts permanently, because it is the consequence of permanent quantum 
fluctuations of particles in a local gravitational field. It can be compensated in the only 
one possible way: by free fall. (What was already noticed in 1907 by Einstein, of what 
we all sometimes observe and what are nearly permanently observed by astronauts.)  

From the said it follows unambiguously why all matter objects have both inertial 
and gravitational properties. Why the gravitational action of matter objects manifests 
itself only positively. Why the inertia and the gravity cannot be eliminated and some 
other till now discussed problems. 

Only three fundamental physical interactions are mediated by exchange particles 
(gauge bosons):  

The electromagnetic interactions are mediated by electrically neutral photons with a 
zero rest mass.  

The weak nuclear interactions are mediated by three kinds of gauge bosons: bosons 
W+ and W– with a positive and negative charge and electrically neutral bosons Z0. 

The strong nuclear interactions are mediated by eight kinds of gluons, which 
transfer three kinds of colour charges that are the source of a strong nuclear force. 
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The inertial-gravitational interactions are caused by the quantum fluctuations of 

real and virtual particles. 
Between the effects of electromagnetic, weak nuclear and strong nuclear 

interactions (mediated by exchange particles), and the effects of inertial-gravitational 
interactions (which are due to the quantum fluctuation of all particles), is a principal 
difference. The effects of the interactions mediated by exchange particles (gauge 
bosons) are linear. The effects of inertial-gravitational interactions are nonlinear. 
Therefore: The inertial-gravitational interactions in principle can not be mediated 
by exchange particles! 

 
 

3  Conclusions 
 

From the above analysis of relativistic and quantum-mechanical properties of 
particles it results unambiguously that the source of inertial and gravitational properties 
of matter objects are the quantum fluctuation of all particles in the local space-time 
(field), which are the result of the Heisenberg uncertainty principle. 

The Heisenberg uncertainty principle specifies Born’s interpretation of the 
Schrödinger wave equation [14, 15, 16, 17] as a wave of probability [1] and statistically 
unifies QM and GR into unified and non-contradictory the quantum inertial-
gravitational dynamics (QIGD), while GR and QM retain their autonomy [20, 21]. 

All field theories contain SR, based on the inertia principle. From this fact and the 
Einstein principle equivalence of gravity and inertia it results unambiguously that all 
field theories immanently contain and the gravity principle, too. A concrete 
manifestation of this fact is that all particles with own (rest) or motion energy have 
inertial-gravitational properties. What is unambiguously confirmed by the observations 
of the solar eclipse since 29 May 1919. 
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