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Abstract 

Electromagnetic quantum vacuum of QED empowered with Planck energy density is a model 

which comprehensively describes origin of energy, mass, gravity and antigravity. Photon is 

an excitation of quantum vacuum and has energy and so according to mass-energy 

equivalence principle corresponding kinetic mass. Massive particle is also an excitation of 

quantum vacuum. A given particle diminishes Planck energy density of quantum vacuum, 

which generates inertial mass and gravitational mass. 
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1. Introduction 

In Energy-Mass-Gravity Theory (EMG Theory) electromagnetic dynamic quantum 

vacuum (DQV) intended as a super-fluid medium consisting of an enormous amount of 

processes of creation/annihilation of particles-antiparticles is the fundamental background 

which determines a unifying view of energy, mass and gravity. The DQV energy as 

fundamental energy of the universe cannot be created and cannot be destroyed. DQV is 

unified system governing the processes taking place in the micro and the macro world. DQV 

is dynamic in the sense that presence of a given stellar object or elementary particle (or 

interaction) reduces the amount of the quantum vacuum energy with respect to the Planck 

energy density 
3133

/1063298.4 mJEP ⋅≈ρ . The appearance of material objects and 

subatomic particles correspond to changes of the quantum vacuum energy density and thus 

can be considered as the excited states of the same DQV. In other words, energy and matter 

can be seen as different forms of DQV energy. Every particle is made out of DQV energy [1]. 

Magnetic field can be seen as a wave of quantum vacuum on surface XY, electric field 

can be seen as a wave of quantum vacuum on surface XZ. A photon is a wave of quantum 

vacuum in XYZ. Fields are composed of waves of quantum vacuum. Physical fields are not 

different entities with respect to quantum vacuum: fields are themselves physical properties 



of the quantum vacuum in the sense that are excitations of quantum vacuum determined by 

vibrations of opportune regions corresponding to appropriate fluctuations of the quantum 

vacuum energy density. Electric and magnetic fields are two different kinds of polarization of 

the DQV produced by the frequencies associated with the motion of the virtual particles of 

the creation/annihilation processes. As a consequence of the evolution of the 

creation/annihilation processes, namely the motion of the virtual particles-antiparticles 

generated in these processes, different modes of the fundamental DQV are generated, 

where each mode corresponds to an independent oscillation defined by the frequency 

produced by a specific process of creation/annihilation of quanta associated with 

elementary fluctuations of the DQV.  

Our vision is that progress of physics requires respect to the physics heritage. 

Quantum electrodynamics QED belongs to the heritage of physics. In QED velocity of light is 

defined by quantum vacuum permittivity and permeability which is described by 
00

1

εµ
=c . 

This means that quantum vacuum is a concrete medium which exist in entire universe. 

Planck metrics also belongs to the heritage of physics. Accordingly to the Planck metrics 

every Planck volume PV of space has an amount of Planck energy 
2c

m
E P

P = . We put 

together QED and Planck metrics and we get a new model where quantum vacuum of QED 

becomes a concrete physical medium as a fundamental arena of the universe. Because of its 

dynamic physical properties we name it “dynamic quantum vacuum” (DQV). In DQV time is 

merely a mathematical parameter of particles and massive bodies motion in DQV where is 

only and always NOW [1]. 

 

2. Variable energy density of DQV is origin of energy, mass and gravity  

 

Mass-energy equivalence principle expressed in formalism 
2

cmE ⋅=  belongs to the 

heritage of physic and is fully respected in our model of DQV where energy, mass and gravity 

have all origin in variable energy density of DQV. We name this model “Energy-Mass-

Gravity” Theory (EMG Theory). In mass-energy equivalence formalism E  means energy DQV 

in form of waves of DQV, namely, photons; m  means amount of energy of DQV which is 

incorporated in massive particles and massive bodies. Energy E  and mass m  are expressing  

amount of DQV energy which is incorporated in photons, massive particles and massive 

bodies. In EMG Theory photon is a wave of dynamic quantum vacuum DQV as shown in 

figure (1) below:  

 



 

 

Figure 1: Photon energy E  and variable energy density of DQV 

 

Photon as a wave of quantum vacuum has energy E  as an amount of energy of quantum 

vacuum. In quantum physics we have known formalisms (1) and (2) below. Formalism (1) 

describes energy of particle with or massive body mass m . Formalism (2) describes energy 

of photon. According to the recent research photons inside quantum nonlinear medium 

travel as massive particles with strong mutual attraction[2]. This means that photons have 

mass. By equating (1) and (2) we can get equation (3): 

 

2
cmE ⋅=     (1), 

ν⋅= hE      (2), 

ν⋅=⋅ hcm
2

    (3), 

 

where h  is Planck constant and ν  is frequency of the photon as a wave of quantum 

vacuum. In respect with [2] we can get out of equation (3) a new equation (4) for photon 

mass, where m is defining amount of DQV energy which forms photon:  

 

2
c

h
m

ν⋅
=      (4).  

 

Einstein opinion was:  “followed from the special theory of relativity that mass and energy 

are both different manifestations of the same thing”. In EMG Theory energy E and mass m  

are all excitations of DQV; they are made out of the same “stuff” which is energy of DQV. 

Mass of the photon gives us solution for problem of mass gap ∆  which is the 

minimal change of photon mass which is associated with the Planck postulate that the 

energy of oscillators in a black body is quantized, and is given by following equation: 

 

ν⋅⋅= hnE    (5), 

 

where  n  is an integer (1, 2, 3, ...),  h  is Planck's constant, and ν  is the frequency of the 



oscillator.  Mass gap ∆ is actually “energy gap” of photon which is defined by minimal 

possible change of photon energy E  and its mass m  which is governed by Planck constant 

h . There is no other constant in the universe which would govern minimal possible change 

of photon energy E  and its mass m  apart from Planck constant h .  

 The amount of DQV energy which is incorporated in “one prakilogram” )1( kg in Paris 

is the measure for all masses of different material objects. This prakilogram in Paris kg1 is 

defined with its gravitational mass gm  which is one kilopond )1( kp , which is Nkp 8.91 = In 

EMG Theory origin of gravitational mass  gm  is in outer quantum vacuum pressure. A given 

massive body with mass m  and volume V diminishes Planck energy density of DQV in its 

centre according to the following formalism:  

V

cm
EPqvE

2⋅
−= ρρ   (6). 

Out of that formalism we can get formalism for mass m of a given particle:  

 

     
2
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V
m
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=

ρρ
  (7)   [3]. 

 

Formula which shows the whole relation between energy, mass and variable energy density 

of quantum vacuum regarding a given massive particle is following:  

 

VEcmE qvEPEqv ⋅−=∆=⋅= )(
2 ρρ    (8). 

 

Diminished area of DQV in which exist given object with mass m  and the object itself we 

cannot approach as separate phenomena. They are intrinsically together. In Special 

Relativity relativistic mass is expressed in following equation:  

 

0
mm ⋅= γ         (9),  

 

where γ  is Lorentz factor and 0
m  is mass. In EMG Theory particle which moves with a given 

high velocity v  in quantum vacuum will incorporate energy of DQV in its relativistic mass 

which will additionally diminish energy density of DQV accordingly to the following equation: 

 

V
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γ

ρρ       (10),  

 

where 0
m  is amount of energy of quantum vacuum which builds a given particle. 

 



 

When we have composition of two or more massive particles or massive bodies outer DQV 

pressure generates gravitational force as we can see on figure (1) below: we have two 

objects or massive particles with mass of  1
m  and mass 2

m  and with volumes 1
V  and 2

V  

on the distance r . Outer DQV pressure which is gravitational force  gF   on these two 

objects we can calculate with formalism below:  
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Figure 2: Gravity force of outer DQV pressure 

 

Formalism (11) can be written also as following:  

 

2

21

r

Gmm
Fg

⋅⋅
=            (12),  

 

or for smaller masses on the Earth surface as following:  

 

gmFg ⋅=
1            (13),  

 

where g  is gravitational acceleration.  

gF  on prakilogram is N8.9 which is one kilopond kp1 . Gravitational mass im of prakilogram 

is kp1 . Outer quantum vacuum pressure of DQV on prakilogram mass kg1  on the Earth 

surface is one kilopond kp1 . We are expressing value of a given mass m  on the Earth 

surface with value of its gravitational mass gm :  

 

gmm ≡         (14).  

 

Imagine you are in a spaceship which is on the ramp close to the Paris. You take the 

prakilogram in the spaceship and you measure it on the precise balance. The weight of the 



prakilogram is exactly one kilopond. Then you travel with the spaceship far away from the 

Earth where gravity is extremely low. Weight of the prakilogram is zero, balance and 

prakilogram are both floating inside of the spaceship. Then you put motors on and you start 

accelerating spaceship. The prakilogram will start gaining weight, the relativistic mass of the 

spaceship will start increasing, the energy density of DQV in which is the spaceship will start 

diminishing. When energy density of DQV will reach exactly to the value of energy density of 

DQV on the Earth surface than prakilogram will have weight exactly one kilopond kp1 . This 

example is demonstration of equality between inertial mass and gravitational mass which 

both have origin in outer DQV pressure.  Equality of inertial mass im  and gravitational mass 

gm belongs to the heritage of physics. We show in this paper they have same origin which in 

respect to the equation (14) allows us to write following equation:  

 

iggi mmmm ≡→=         (15), 

 

which means that the fundamental symmetry of the universe is a symmetry between given 

mass m  and diminished energy density of DQV which is origin of inertial-gravitational mass 

igm .  

In few generations it is possible we will move on Mars where gravitational 

acceleration is 
2

8.3
−= msg . Our prakilogram on the Mars surface will have inertial-

gravitational mass Nmig 8.3= . This shows clearly we have to distinguish between mass m  

of proton as an amount of quantum vacuum energy which is incorporated in photon and 

photon inertial (rest) mass. Massive particles proton and neutron are “structures” made up 

of quarks and gluons which also have their appropriate energy and correspondent mass 

according to equation (1). Quarks and gluons are interconnected and twisted so that they 

form “a structure” of quantum vacuum which diminishes energy density of DQV inside the 

proton according to the formalism (6). Pressure of outer quantum vacuum of the Earth 

towards the lover energy density of DQV  inside the proton is generating proton’s inertial-

gravitational mass igm , as we can see on the figure (2) above. 

On micro and macro level is valid that a given physical object with mass m  exists 

inside the area of diminished energy density of DQV. When an object is rotating the area of 

diminished energy density of DQV is rotating too. This is so called “dragging effect” of 

quantum vacuum which causes precession of the planets. We calculate precession with our 

model and got exactly the same results as Einstein in his General Relativity. Because of 

dragging effect duration of photon motion from the point A to the point B on the Earth 

surface will be longer when photon will move in the direction opposite to Earth rotation. 

This is known as Sagnac effect. Article “Dynamic Quantum Vacuum and “Relativity” is 

accepted for publication and will be published in 2016 [4]. 

In today physics mass m  which is amount of DQV energy which builds a given 



particle is mostly expressed 

kgceV
362

10783.1/1
−⋅= . Accordingly to 

the sum of all energies of all different particles which are building proton and 

 

 

In EMG Theory pressure of outer 

origin to Casimir effect as you c

 

 

Figure 3. Outer quantum vacuum pressure is origin of Casimir effect

 

3. Coupling of Mass and Gravity in EMG Theory and in Higgs mechanism

 

In EMG Theory gravitational 

vacuum pressure as shown in figure 3

curvature of space in General Theory of Relativity

density of DQV [5].  

We know in physics that energy of 2 up

cover about 1% of proton mass

energy of gluons which are binding 

gluons which represents a serious weakness of the Higgs mechanism, because binding 

energy of gluons represents 99% of proton mas

mechanism coupling of mass 

that these results, although encouraging, are provisional and there is some way to go before 

it’s seen whether a theory of gravity based on SU(2, 2) can reproduce the phenomenological 

success of General Relativity“ 

In EMG Theory we distinguish clearly between mass 

mass igm . Inertial-gravitational mass  

and not for other subatomic p

is mostly expressed in terms of energy, namely, with an electronvolt 

Accordingly to EMG Theory mass m  of proton 

different particles which are building proton and 

∑
=

=
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i

i

c

E
m

1

2      (16).  

ressure of outer DQV on two plates which are close together 

origin to Casimir effect as you can see in the figure (3) below:  

 

. Outer quantum vacuum pressure is origin of Casimir effect

Mass and Gravity in EMG Theory and in Higgs mechanism

gravitational force depends on mass m  which caus

um pressure as shown in figure 3.  Variable energy density of DQV corresponds to the 

urvature of space in General Theory of Relativity.  More space is curved, lower is energy 

We know in physics that energy of 2 upper quarks and 1 down quark is big enough to 

mass m . The rest of proton’s mass has origin in other quarks and 

uons which are binding quarks [6]. Higgs field does not interact with photo

which represents a serious weakness of the Higgs mechanism, because binding 

energy of gluons represents 99% of proton mass m . Recent article shows in Higgs 

mechanism coupling of mass m and gravity is not fully clear yet: “It is important to stress 

that these results, although encouraging, are provisional and there is some way to go before 

it’s seen whether a theory of gravity based on SU(2, 2) can reproduce the phenomenological 

 [7].  

n EMG Theory we distinguish clearly between mass m and inertial

gravitational mass  igm  is characteristic only for protons and neutrons 

and not for other subatomic particles as electrons, photons, quarks, gluons and others. This 

electronvolt eV where 

of proton and neutron is 

different particles which are building proton and neutron.  

on two plates which are close together gives 

. Outer quantum vacuum pressure is origin of Casimir effect 

Mass and Gravity in EMG Theory and in Higgs mechanism 

which causes outer quantum 

Variable energy density of DQV corresponds to the 

More space is curved, lower is energy 

per quarks and 1 down quark is big enough to 

. The rest of proton’s mass has origin in other quarks and 

]. Higgs field does not interact with photons and 

which represents a serious weakness of the Higgs mechanism, because binding 

Recent article shows in Higgs 

It is important to stress 

that these results, although encouraging, are provisional and there is some way to go before 

it’s seen whether a theory of gravity based on SU(2, 2) can reproduce the phenomenological 

and inertial-gravitational 

is characteristic only for protons and neutrons 

articles as electrons, photons, quarks, gluons and others. This 



particles have energy E  and correspondent mass m , but as a single elements are 

diminishing energy density of DQV only as a waves of DQV (see figure 1), so they do not have 

inertial-gravitational mass igm . Might be that’s why hypothetical Higgs field which should 

give inertial mass to the particles does not interact with photons and gluons. EMG Theory 

resolves the origin of inertial mass much more in details and more generally than Higgs 

mechanism and beside that fully incorporates gravity and antigravity. In EMG Theory 

photons have no inertial-gravitational mass, however they interact with gravity. When 

photon is pulling out of strong gravity its frequency is diminishing. We call that “gravitational 

red shift” [8]. Diminishing of frequency also diminishes photon energy  E  and its mass m .  

Idea that Higgs boson had existed in the universe immediately after Big Bang is 

questionable, because universe exists in Einstein’s NOW [1].  Linear time with past-present-

future is only a mathematical model through which we experience flow of changes which run 

in NOW. Einstein opinion was “….there is something essential about the NOW which is just 

outside the realm of science. People like us, who believe in physics, know that the distinction 

between the past, present and future is only a stubbornly persistent illusion.” In EMG Theory 

time is a mathematical parameter of changes which run in dynamic quantum vacuum where 

is always NOW. This means that cosmic microwave background radiation CMB cannot have 

origin in some remote “temporal past”. CMB signal has origin and is a direct proof of dynamic 

quantum vacuum existence [1]. 

 

4. Antigravity 

 

EMG Theory incorporates antigravity. When we develop technology which will be 

able to increase energy density of quantum vacuum, such a device will move into direction 

of higher energy density of quantum vacuum which means away of stellar objects [4]. A 

device which will be able to increase or decrease energy density of quantum vacuum will be 

used for interstellar travel.  

 

 

 

Figure 4: Antigravity s based on artificially  

increased energy density of quantum vacuum  

 



Quantum vacuum is in today physics considered as a kind of super-fluid. We know for fluids 

that we can squeeze them and increase their density. We have a heuristic model for 

antigravity in the figure below: 

 

Figure 5. Antigravity device  

 

Rotating horns are coated with a layer of a substance having a high density such as gold or 

osmium. They suck inside of horns quantum vacuum energy, which density at the bottom of 

horns is increasing. Increased area of quantum vacuum has tendency to move into a 

direction of higher energy density of quantum vacuum, means away from stellar objects.  

 

5. Conclusions  

Energy, mass and gravity have all origin in electromagnetic dynamic quantum 

vacuum. A given mass m  is diminishing Planck energy density inside the particle which 

generates outer quantum vacuum pressure and consequently generates inertial-

gravitational mass. Today physics is desperately searching for particles which would carry 

inertial mass and gravitational mass. Higgs boson does not interact with photons and gluons 

and represents a partial solution for origin of inertial mass. Graviton was not discovered yet, 

its existence is doubtful. Solution for inertial mass and gravitational mass is not in new 

particles, it is elsewhere, namely, in dynamics between given particle and diminished energy 

density of quantum vacuum caused by the presence of a given particle. 
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