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It is demonstrated that gravitational and inertial masses are rrelated by an
eledromagnetic fador. Some theoretical consequences of the rrelation are: incorporation of
Mach's principle into Gravitation Theory; new relativistic expression for the mass ; the
generalization of Newton's oond law for the motion; the deduction of the differential
equation for entropy diredly from the Gravitation Theory. Another fundamental
consequence of the mentioned correlation isthat , in spedfic ultra-high energy conditions, the
gravitational and eledromagnetic fields can be described by the same Hamiltonian , i.e., in
these circumstances, they are unified ! Such conditions can have occurred inclusive in the
Initial Universe, before the first spontaneous breging of symmetry.
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INTRODUCTION

Several experiments*%3*>® have been carried out since Newton to try
to establish a crrelation between gravitational massmy and inertial mass m.
However, only recently has it been discovered that a particle’s gravitational
mass deaeases with the increasing temperature and that only in absolute zeo
(T=0 K) are gravitational massand inertial massequivalent’.

The purpose of this work is to show that the old suspicion of a
correlation between gravitation and eledromagnetism is true. Initialy, using
formal techniques let us $rowing that there is an adimensional eledromagnetic
faador which relates gravitational to inertial mass Afterwards, we will see
fundamental consequences of this correlation, such as, the generalisation of
Newton's oond law for the motion, the deduction of the differential equation
for entropy (second law of Thermodynamics), and the paossibility of the
eledromagnetic control of the gravitational mass In addition, we will seethat ,
in specific conditions of ultra-high energy, the gravitational field can be
described by the same Hamiltonian  which allows to describe the
eledromagnetic field. Such conditions can have occurred in the initial Universe,
before the first spontaneous breaking of symmetry.

1. CORRELATION

Using elementary arguments from Quantum Mechanics, J.F.
Donoghue and B.R. Holstein’, have shown that the renormalized mass for
temperature T =0 isexpresed by m=m+dm, where dm, is the temperature-
independent mass $ift. In addition, for T > 0, massrenormalization leads to the
following expressions for  inertial and gravitational masses, respectively:
m=m+ dm, + dmg ; My =m+ dm, — dmg, where dmg is the temperature-
dependent mass #ift.
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The expresson of dmg obtained by Donoghue and Holstein refers
solely to thermal radiation. It is then imperative to oliain the generalised
expresson for any type of eledromagnetic radiation.

The dedromagnetic wave eguations in an absorbing medium,

PE+cfue[l+ o/wsi]E =0 and OPH+ofugl+o/wesilH =0  (1.01)
express the fad that eledromagnetic fields of cyclic frequency w , w=2Tf,
propagate in a medium with eledromagnetic charaderistics, ¢, yuand g, at speed

v =c{veu[(1+(o/we)d) 2+1]} " (1.02)

If an eledromagnetic radiation with velocity v strikes a particle ( or
Is emitted from a particle) of rest inertial mass m , and U is the
eledromagnetic energy absorbed (or emitted) by the particle, then, aceording to
Maxwell’s prediction, a momentum g=U/v is transferred to it.

Mass $ift dmg | dependent on the external eledromagnetic energy,
equals the inertial mass $ift dependent on the increment of energy in the
particle. Since in this case the inertial mass $ift does not depend on the
particle’ svelocity V , i.e., it isrelated only to the momentum q absorbed, it can

be obtained by making p = 0 in variation AH=H’-H= c [g*+(mc)] "% myc?

from the particle’s inertial Hamiltonian.Consequently, the expresson of dmg is
written as:

2 O

0
Mg =AH/ ¢ = E\/1+E1U—JLSF(1/1+(a/w£)2 +1)§ ~1Hn (1.03)
H H

omc’

Comparing now the expressonof m and my; we have m@E=m-20ms .
By replacing dmg in this eguation, given by equation above, we obtain the
expresson d the arrelation ketween gravitationd massandinertial massi.e.,

omc’

We see that only in the dsence of eledromagnetic radiation on the
particle (U=0) is the gravitational massequivalent to the inertial mass

Note that the eledromagnetic charaderistics, € ,u and o do not refer
to the particle, but to the outside medium around the particle in which the
incident radiation is propagating. For an atom inside abody , the incident
radiation on this atom will be propagating inside the body , and consequently ,
O0=0Obody » €=Ebadys U=Mbody - SO , If W0 << Ohoay/E body » €FUAELION above reduces to :

U 2 U
m, =m ‘ZE\/HD J \/%(W/H(a/ws)z +1)§ —1Emi (1.04)
: ]

Al Bu [cu ooy | .
m, =m, - 20/1+0— . [— =0 -1, (1.05)

m,c At 0
= 8



where my istheinertial massof the dom.

Thus we see that, atoms (or moleaules ) can have their
gravitational masses strongy reduced by means of extra-low frequency (ELF)
radiation.

For the particular case of U =¢ [, w>>0 /¢ and U<< mc® the
expresson (1.04) is reduced to:

my= [1- (UmM)?]m (1.06)

In the case of thermal radiation, it is common to relate the energy of
photons to temperature, through the  relation, <hv>KkT where
k=1.38 x10%JK is the Boltzmann's constant. Thus, in this case, the energy
absorbed by the particle will be U=n<hv>~nkT, and equation above may be
rewritten as:

my=[1-— (nkT/mcz)z] m (1.07)

If wetake T~ 300K, and m asthe dedron mass we will have:
(nkT/mcz)2E2.5x10'15n2. For n [J0.1 , a value is obtained is agreement with

that obtained by Donoghue and Holstein, in this case. That is, 2/3 To(T/m)? O
3x107,

2. FUNDAMENTAL CONSEQUENCES

As we know, Lagrange’'s function (or lagrangean) for a particle is
expressd by L= —yc[1- VA2, where ¢ charaderises the given particle. In
Classical Medhanics, every particle is charaderised by its mass so that it was
established that (/=mc .However, as a mnsequence of new expression of the
gravitational mass we can easily seethat my charaderises the particles in a
more general way than my , thus, we should make ¢=myC .

The (=) sign in Lagrange's function comes from the fad that (, in

adion integral S= —(fds , was considered as always positive and, thus, the
(-) sign was introduced because the aforesaid integral preceaded by the (+) sign
could not have a minimum; precaeded by the (=) sign, it manifestly has a
minimum along a world-line.

Nevertheless with the new expresson of ¢ , we see that it may
asume paositive and negative values, since gravitational mass as oppased to
inertial mass may be negative. Consequently, the adion for afreeparticleis:

S= —|L,U|J’:ds: — my| CJ’:ds, (2.01)
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and the Lagrangean,

L = ~[my[c®V1-Vc* . (2.02
It follows from equation above , that:
p=aL/ov = omoV [1- V2] (2.03)
My
F = dp/dt = om0 [1- V¥c2 ]~ dvidt (2.04)

or dp/dt = oy (1- V¥Icd) 72 dvidt

Note that equation (2.04) , in the @sence of external eledromagnetic
fields on the particle (U = 0), and V<<c, reducesto F=ma (Newton’'s 2nd
Law).

From mentioned equation , we deduce the new expresson for the
inertial forces, i.e. ,

F=0OMgOa (2.05)
where
Mg=omy 1V 7 (2.06)

Isthe new relativistic expresson for the mass

According to the new expresson for the inertial forces, we see that
these forces have origin in the gravitational interadion between the body and the
other masses of the Universe, just as Mach's principle predicts. Hence
mentioned expression incorporates the Madv's principle into Gravitation
Theory, and furthermore reveals that a body’s inertial effeds can be reduced
and even annuled if its gravitational mass may be reduced o annuled,
respedively.

The new relativistic expresson for the mass $ow that, a particle
with null gravitational mass isn't subjed to relativistic effeds , becaise under
these circumstances its gravitational mass doesn't incresse with increasing
velocity .i.e., it stays null independently of the particle's velocity. This means
that , a particle with null gravitational mass, can reat and even surpass the
light speed . It becomes a particle with momentum p =[MgLV = 0 and energy
E =0M,c®= 0 .There is nathing of stranger with this particle type . In fad ,
we know that they appea in a natural way, in General Relativity , as lutions
that predict the existence of "ghost" neutrinos®. This neutrinos are so cdled ,
becaise with momentum null and energy null , they cannot be deteded. But
even so , they can be present because still exists a wave function describing its
presence.

The fad that a non-inertial reference frame is equivalent to a cetain
gravitational field (modern version of equivalence principle ) presuppaosed
m=m, because the inertial forces was expressed by Fi=ma , while the
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equivalent gravitational forces , by Fg=mga,. So, to satisfy the
equivalencea=a4 , Fi=F4 it wasnecessary that m=my

Now, due to the new expresgon of the inertial forces, i,e., F=0myOa,
we can easly verify that the equivalencea = a4, Fi= Fy is slf-evident, it
no longer being necessary that my=m. In other words, although preserving the
modern version of the eguivalence principle (also known as the strong
equivalence principle), the primitive @nception of the eguivalence principle
(also cdled the weak equivalence principle) , where the ejuivalence of the
gravitational and inertial masses was fundamental, is eliminated.

Therefore, oncethe validity of the eguivalence principle is reaffirmed,
the equations of the General Relativity Theory will obviously be preserved.

We define the particle’s energy E to be ° |, E=p.V-L. Thus, by
substituting the equations (2.02) and (2.03) of L and p inthisexpresson,
we obtain:

Imy e 20
V1-V7c? (207

This equation introduce the @ncept of Gravitational Energy, E,,

addition to the well-known concept of Inertial Energy, E;. It istherefore useful
to introduce the arrelation g, /g =|m,|/m to oktain from Eq.(2.07) the well-

E=E, =

known expresson of E, i.e., E =mcz/\/1—V2/cz, which for v <<c can be
written in the following form E =mc?+ %mv? where we obtain the clasdcal

expresson for the Kinetics Energy of the particle.
By squaring the expressons for p and E and comparing them, we
find the foll owing relationship between energy and momentum of a particle:
E*/c® =p’+m’c’ (2.08)
Thisequation in the form E=c[p™+(mc)]”® is the particle's
gravitational Hamiltonian . It is the expresson of particle’ sinternal energy.
Here, when we say “particle” we ae not saying “elementary”. So
these aquations are equally valid for all complex bodies (constituted of several
particles); thisway, my will be the total mass and V the velocity of the body.
Therefore, in the cae of a particles s/stem, at rest (p = 0), within
vacuum (i, =¢& =1, 0 =0 ), where the external eledromagnetic energy U is
only thermal (and U<< mc® ),theinternal energy E of the system is reduced to:

2]
E=myc’= 20m, &7 = [, HLHT 2.09
me’ =(m - )cEDCDmE (209
If we onsider the expresson of dmz and also m= m+ dmy+ dmg, it is
possble to rewrite this equation in the following form:

E=mc*= (mcz)—Ta(%Cz) (2.10)
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whence we reaognise the inertial Hamiltonian which, as we know, is identified
with the free eergy (F) of the system,

H=F (2.11)
So, the expression for E can be rewritten in the following form:
e-r-1%& 2.12)
ar

This is a well-known equation of Thermodynamics. On the other hand,
remembering dQ=01+0E (1st principle of Thermodynamics) and F=E-TS
(Helmholtz function), we can easily obtain from expresgon for E, for aisolated
system 0t =0, that

oQ=T0S. (2.13
Thisis the well-known Entropy Differential Equation.

3. UNIFICATION
The T expression of the energy-momentum tensor for a particle
is, aswe know, given by T* = pc’u,u* where p isthe particle’s gravitational
mass density. So, my Is fundamental for describing the gravitational
field poduced by the particle, becaise once known T, we can

derive the gravitational field equation by means: R‘=2&(T*-15/T).

As was dated previously, a particle’s gravitational mass can be
expressed in the following form:

m, =m ~26m, =m ~2(H'~H)/c* = fn +2/(p/0)* +m*E-2H' /e (3.01)

Thus, we can say that starting point for describing the gravitational field is,
basically the Hamiltonian H’ , given by:

H' = H +dm,c? = ¢y p? +nfc? +amyc?. (3.02

Particularly, in the cae of elementary particles in the vacuum ,we can place
&=l=1land 0=0 inexpressonof dmg (eg.1.03), sowe have:

dm,c? = {\/1+ (U /mc?)? —1}mic2 (3.03

If U>>mc? then dmyc® = U and the expression for H' will be given by:

H'=g3a= U (3.04

The @sorbed eledromagnetic energy, U , depends on the particle’s
interadion with the eledromagnetic field. The properties of the particle ae
defined, with resped to its interadion with the eledromagnetic field, for only
just one parameter: the particle’'s eledric charge, Q .On the other hand, the
properties of the field in and of itself are dharaderized by the potential , ¢ ,of
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the field. So, absorbed eledromagnetic energy , U, depends only on Q and
¢.The product Q¢ has the dimensions of energy, so that we can write U=Q¢
once any proportionality fador can be included in the ¢ expression. So, the
expresson for H' beaomes equal to the well-known Hamiltonian,

= mcz +
H Ve 2 Q¢ (3.05
fora diarge Q inan eledromagnetic field.

From this equation its possble obtain a complete description of the
eledromagnetic field, becaise starting from this Hamiltonian we can write the

Hamilton-Jacobi equation that allows us to establish the equations of motion
for a dharge in an eledromagnetic field. The Hamilton-Jaobi equation, as we
know, constitutes the starting point of a general method of integrating the
eguations of motion .

Then, we onclude that, when U>>mc?, the gravitational field can
be described starting from the same Hamiltonian ,which allows description of
the eledromagnetic field. This is equivalent to saying that in these
circumstances, the gravitational and eledromagnetic fields are unified !

In the GUTS, the Initial Universe was smplified for just two types of
fundamental particles: the boson and the fermion. However, bosons and
fermions are unified in Supergravity: one can be transformed into another , just
as quarks can be transformed into leptons in the GUTs. Thus, in the period
where gravitation and eledromagnetism were unified. (which would have
occurred from time zeo upto a aitical time t, 0 10%s after Big-Bang ) , the
Universe should have been extremely simple — with just one particle type
(protoparticle) .

The temperature T of the Universe in the 10*3s< t < 10%%s period can
be cdculated by means of the well-known expresson'® TOLO?(t/10%%)™*?2
Everything indicates that, T 010%K ((110°GeV) inthet, instant ( when the
first spontaneous breaking of symmetry occurred ).

In the O-t, period, the dedromagnetic energy absorbed by the
protoparticles was U [Jn< hv> = nkT>>myc”. (M, is the protoparticle’s
inertial mass and n , as we have seen , is a particle-dependent absorption
coefficient) .This means that the gravitationd and eledromagretic fields
unification condtion (U>>mc?) was sttisfied in the aforementioned period, and
consequently the gravitational and eledromagnetic interadions were themselves
unifi ed.
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APPENDIX A
Here we examine apossble experimental test for equation(1.04).Let us consider
the gparatus in figure 1. The Transformer has the foll owing charaderistics:
* Frequency : 60 Hz
* Power: 11.5kVA
* Number of turnsof coil : ny =12, n, =2
e Coil 1: copper wire6 AWG
o Coil 2: % inch diameter copper rod (with insulation paint).
« Core aea: 5024 cm’; @=10 inch (Steel).
e Maximuminput voltage : V™™ =220V
e Input impedance: Z; =4.2Q
o Output impedance: Z, < 1mQ ( ELF antenna impedance: 116 mQ )
« Maximum output voltage with coupled antenna : 34.8V
« Maximum output current with coupled antenna : 300A

In the system-G the annealed pueiron has an eledric conductivity
0 =1.03x10" S/m, magnetic permeability 1 = 2500Qu *,thickness 0.6 mm ( to
absorb the ELF radiation produced by the aitenna).The iron powder which
encgpsulates the ELF antenna has o, =10 S/m ;i = 75U 12 The antenna
physical length is zp = 12 m, seeFig.1c.The power radiated hy the antenna can
be cdculated by the well-known general expression ,for zy << A:
P=(lowz)*/ 3mev® {[1+ (o/we )* ] + 1}
where |y is the antenna current amplitude ; w= 21t ; f =60Hz ; £ =&, ;0 =0, and
v is the wave phase velocity in the iron powder ( given by Equation 1.02).
Theradiation efficiency e= P/ P+Ponric isnealy 100%.

The aoms of the anrealed iron absorb an ELF energy U=nP, /f
where n is a particle-dependent absorption coefficient (the maxima n values
occurs, as we know, for the frequencies of the gaom'’ s absorption spedrum ) and
P, is the incident radiation power on the @om ; P,.=DS, where S, is the aom’'s
geometric cross ®dion and D=P/S the radiation power density on the iron
atom ( P isthe power radiated hy the antennaand S isthe annealed iron toroid
aregS=0.374m’ ,seeFig.1h)) . So, we can write:

U=nS (loz)* w/ 3% VvV’ {[1+ (/e )2 1%+ 1} .

Consequently, acording to EqQ.(1.04) , for w<<o/g , the
gravitational masses of these iron atoms, under these wnditions, will be given
by :

Mg =M.~ 2{[1+8x10° (1 G G )(Hp)* (2)* 16°]* ~

Note that the equation above doesn't depend on &, or & .In addition it shows
that the gravitationd masses (my) of the d@oms of the annealed iron toroid can
be nullifi ed for a value |y =130A. Above this critical value the gravitational
masses beame negatives (anti-gravity).
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Fig. 1 —Schematic View of the Experimental Apparatus
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APPENDIX B

It is known that photons have null inertial mass(m = 0) and that
they do not absorb ahers photons (U =0) . So,ifweput m=0 andU =0 in
Eq.(1.04) , theresult is my = 0 .Therefore phaons have null gravitational mass.

Let us consider a point source of radiation with power P
frequency f and radiation density at distance r givenby D = P /4mtr? .Due
to the null gravitational mass of the photons, it must be possble to build a
shield of photons around the source which will impede the exchange of
gravitons between the particles inside the shield and the rest of the Universe.
The shield begins at distance rs from the source where the radiation density is
such that there will be aphaon in oppasition to ead incident graviton . This
critical situation occurswhen D =hf % S, , where §; is the geometric aoss
sedion of the graviton. Thus rs is given by the relation,

rs=(rg/ f)( P2,

We then seethat the ELF radiation are the most appropriate to produce
the shield. It can be eaily shown that, if f<<1mHz, the radiation will traverse
any particle . It is not difficult to seethat in this case, there will be “clouds’ of
photons around the particles inside the shield. Due to the null gravitational mass
of the photons , these “clouds’” will impede the exchange of gravitons between
the particle inside the “cloud” and the rest of the Universe. Thus, we can say that
the gravitational mass of the particle will be null with resped to the Universe,
and that the spacetime inside the shield (out of the particles)becomes flat or
euclidean . It is clea that the spacetime which the particles occupies remains
non-euclidean.

In an euclidean spacetime the maximum speed of propagation of
the interadions is infinite (c- o) because , as we know, the metrics becomes
from Galilei. Therefore, the interadions are instantaneous . Thus, in this gace
time the speed of phaons must be infinite, ssmply because they are the quarta
of the eledromagretic interadion. So, the speed o photons will be infinite
inside the shield.

On the other hand , the new relativistic expresson for mass
Eqg.(2.06) , shows that a particle with null gravitational massisn't submitted to
the increase of relativistic mass , because under these drcumstances its
gravitational massdoesn't increase with increasing \elocity .i.e., it remains null
independently of the particle's velocity. In addition , the gravitational potential
¢ = GMy/r for the particle will be null and, consequently , the acmponent
Joo = —1-2¢/c? of the metric tensor will be eaual to -1 .Thus , we will have
ds? = goo (dxo)? = goolicdt' )? = ¢ (dt' ) where t' isthetime in a dock moving
with the particle, and ds” = c?dt* where t isthe time indicated by a dock at

10
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rest (dx = dy = dz=0). From the cmbination of these two equations we
concludethat t' =t .This means that the particle will be not more submitted
to the relativistic éfeds predicted in Einstein's theory. So, it can read and
even surpassthe speed of light .

We can imagine aspacecaft with paositive gravitational massequal
to (m) kg, and negative gravitational mass ( see System-G in appendix A)
equal to — (m — 0.001) kg . It has a shield of photons , as above mentioned. If
the photons, which produce the shield , radiate from the surface of the
spacecaft , then the spacetime that it occupies remains non-euclidean ,and
consequently , for an observer in this acetime, the total gravitational mass of
the spacecaft, will be | My | = 0.001 kg . Therefore , if its propulsion system
produces F=10N (only) the spacecaft acquires acceeration a=F | My | =
10'm/s ( seeEq.(2.05)).

Furthermore, due to the “cloud” of photons around the spacecaft
its gravitational interadion with the Universe will be null , and therefore, we can
say that its gravitational mass will be null with resped to the Universe.
Consequently, the inertial forces upon the spacecaft will also be null, in
agreement with Eq.2.05 ( Mad' s principle ) .This means that the spacecaft will
lose its inertial properties . In addition, the spacecaft can reach and even
surpass the spead of light because , as we have seen , a particle with null
gravitational masswill be not submitted to therelativistic effeds.

11
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