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Abstract

The Fundament of the Mass and the new theory and formula of the Variant Mass for a particle in Gravitation is presented at
this research.

Albert Einstein wrote in a research article: “Does the inertia of a body depend on its energy content?” (Ist die Tragheit eines
Korpers von seimen Energienhalt abhangig?): “If a body emits energy E in the form of radiation, its mass decreases by E/
c2. The fact that the energy that leaves from the body is converted into radiation energy makes no difference, so the more
general conclusion is reached that the mass of a body is a measure of the content of its energy ... It is not impossible that with
bodies whose content of energy is highly variable (for example radio salts) the theory can be successfully tested. If the theory
corresponds to the fact, radiation conducts inertia between the bodies that emit and absorb it”. Thus, Maxwell’s theory shows
that electromagnetic waves are radiated (Maxwell Radiation) whenever charges accelerate as for example for the electron.
Then, this electromagnetic radiation (photons) produces decreases in the mass of the electron which is given by the formula
of the Variant Mass for an Accelerated Charged Particle which was demonstrated by me at this research: Variant Mass for an
Accelerated Charged Particle.

For other hand, at the atom, the electron only radiates this energy when it jumps from one orbit to another orbit at the atom.
It is in accordance with the experimental results from the spectral lines of the atom. The difference is that in a gravitational
field the particle or a planet around the sun can take any position at the space and any radius. But, the electron at the atom
only can take restricted positions which are explained by quantum mechanics, and the electrons don’t emit radiation when
they orbit around the nucleus. The discovery formula for the variant mass of the electron at the atom which describe exactly
the variant mass of a charged particle at the atom which emits electromagnetic energy from one stationary level to other was
demonstrated by myself a the research: The Fundament of the Mass: The Variant Mass for the electron at the atom.

Besides, this is true for any type of radiation emitted: electromagnetic or gravitational energy which produce a decrease in the
mass of the body. Therefore, the objective of this research is to demonstrate by theory, experiment and result the discovered

formula which describe exactly the variant mass for a particle which emits gravitational energy. An example of the effect of this
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Gravitational energy emission is the light deflection for the light passing close the Sun (gravitational redshift frequency) and
the Perihelion Precession of Mercury. Thus, the results of the mass formula are of great relevance for Gravitational Interactions.
The results are in accordance with the classic result for the emission of the total gravitational energy (bond total energy) for a
particle orbiting a large Planet or Sun and for a Binary Star. It is in agreement with the experiment result and with the Theory
of General Relativity.

It is also demonstrated and explained the effects of the gravitation in a particle or light and the Perihelion Precession of
Mercury. The formula for the gravitation redshift frequency, the wavelength, the light velocity, time measurement and the
decreasing radius for a particle in a gravitational field are demonstrated. The formula of the light velocity is tested for the
deflection of light passing close to the sun. The formula for time dilation and decrease distance are used to calculate the
Perihelion Precession of Mercury. It is in agreement with the experiment result and with the Theory of General Relativity. The
consequences of this research are amazing and in accordance with the same General Theory of Relativity, Newton Theory and
with profound Insignia in Quantum Mechanics and for the Unification Theory:.

KeyWOI‘dS: Sun; Variant Mass; Variant Frequency; Light

A Particle Orbiting an Almost Static Massive Formula Development of the Total Mass
Planet or Sun and Energy of the Particle In a Gravitational
Field

The mass of the particle is m and the mass of the massive
planet or Sun is M. The particle moves around the planetin a

circular motion with radius R. If the planet moves around the GMi
2dm =L ds + =2 g
Sun, the exact motion is an ellipse as Kepler has established ¢ am i s+ = r
(Figure 1).
2 2 GMm
c’dm=mvdv +v°dm+ dr
r
c’dm-v’dm = mvdv + GMZm dr
r
GMm v?
=m—
r’ r
. GM _
Figure 1: A particle orbiting an almost massive Planet or " v
Sun due the Gravitational Force.
M
The gravitational force between the particle and the _Fdr =vdv
planet gives out the Gravitational Potential Energy. Besides,
the particle emits gravitational energy due the presence of a ) GM ,  GMm GMm
massive planet near the particle. Then, the mass of the particle c’dm _Tdm ST dr+ = dr

decreases due the emission of the gravitational energy.
As result of it, the particle changes a little it’s trajectory
by decreasing a little the distance R with the planet. Then,
the particle starts to move in a circular or elliptical motion

(rotational motion) around the massive planet due the initial oM

velocity of the particle. It is the case of the planetary system d_m:Ldr

moving or orbiting around its massive star. The effect of the m [CZ _GMJ

little change of the trajectory is possible to measure at the r

motion of Mercury (Perihelion Precession).
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the particle in a gravitational field for the classic approach

(c* )
ln(ﬂ] =1111 ——~L | m=m r =0 The formula for the mass given by the Relativity Theory
m, (c? _Gﬂ) [1] is as follows:
[ 1 ZGMJ
GM_ GM _ , T2
m=mn (1_ 2) TzV m:moi
rc M
1-
P rc?
m=m_, /(1 - v—z) mass for a particle in a gravitational field
¢ GM/r<<c?
Am=m_-m

2@y M
B M rc? rc?
Am=m, | 1-,/(1-— | total lost mass of the particle
rc

AR GM
(1— ) ~1+

GM /r<<c? rc* 2rc?
GM
M m=m,| 1-——| (as the classic approach).
m=m |1- 2rc
? 2rc?
GMm mc* =mac2 +E E=mc* —moc2

[

mc?=mc* -
2r

GMm

GMm
E=- 2 (as the classic approach).
Am= moc2 - mc? =( R 2 J as the total mass decreasing of 2r

Figure 2: Am/m_ versus the radius r from the mass development formula (green) and for the mass formula from General
Relativity (blue).

M
1-2
) GM rc’
Am/m =|1-,/1 -—— Development mass formula Am/ m =|1-+—
e 1_GM | General Relativity formula
rc?
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Both formulas for the total mass decreasing of the
particle agree at distances very far from the massive object
and also at distances very near to the massive object with
high accuracy. Then, both models: the Newton Approach
with a gravitational field interaction and the Relativity
Theory with a curvature of the space time are in agreement
at the results for the total mass decreasing of the particle in
a gravitational field.

For the total energy of the particle, it is obtained:
E=mc’-mc’

cM

rc?

E'=moc2 (1— —1] energy for a particle in a

gravitational field
GM /r<<c?

GMm
E=- 5 ¢ (as the classic approach)
r

The total mass energy lost is given by the formula
demonstrated and it is equal in absolute value to the total
bond energy of the system which is emitted as gravitational
energy when the particle goes from one orbit to another orbit
with fewer radiuses. The emission of the total gravitational
energy E produces a lost mass of the particle m=E/c?

IfR<R AE=E, —E, { GM’"J—( GMm

j is negative,
2R, 2R,

it is given out energy which means that the particle losses
mass, the particle increases the kinetic energy and the
velocity but decreases the gravitational potential energy
(more negative). Part of the losses energy (gravitational
energy emission) is given out by decreasing the potential
energy and part by increasing the kinetic energy [2].

If R>R 4E is positive, which means that additional energy
is given to the particle or additional work is done on the system,
the particle decreases the kinetic energy and the velocity but
increases the potential energy (less negative). Part of the
work or additional energy is used to increase the potential
energy and part to diminish the kinetic energy [2].

Binary Stars

If the particle and the planet have comparable and
similar masses, then they start to move around each other
and orbiting around their common barycenter (rotational
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motion) [3,4].
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Figure 3: Binary Stars orbiting around their common
barycenter due the Gravitational Force.

o

It occurs in binary stars for example. Also, they emit
gravitational energy and as a consequence, there is a
decrease in their masses and the distance between them due
this energy emission.

By considering the center of mass in r=0, it is obtained:
m r,=m,r,r=mr,/m,
=T 4T,
r= (m,r,/m )+r,r=(m, +m,)r,/m,
r,=(m,)r/ (m,+m,)
r,=mr /m,
r=r +r,r=r,+ mr,/m,
r=(m, +m,)r /m,
r,=(m,)r/ (m,+m,)

_2 2y = -
K = Zmlv1 V=W, T, W=V /T

m,m v
1772 1
G > _ml_r
r 1
2
mr m
271 2 2 _ 2
== Gr(m +m ="
r 1 2)
2
v m (117 +m
2 _ "1 2 2 _ 1 2)
W' =—r =G > w, —6—3
r rer, r
1 1 mr 1 _mmr
Klz_m1V12:_m16' 221:_6' 1 221
2 2 r 2 r

r,=(m)r/ (m,+m,)
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m,

K = %G i kinetic energy for m,

! r (m +m,))

1 2
K, :Eszz V=W, T, W,=V,/T,

m m V.
G 122=m2 2
r I
2
m1r, m
172 _ 2 1 _ ., 2
= =" Gr(m +m e
r 1 2)
2
v m (m +m
2 _ "2 _ 1 2 _ 1 2)
W, = z_G 2 W, = 3
1‘2 TI'Z r

m1r m m1r
K =lmV2=1sz 12 =lG B
2 rk 2 rk

r,=(mr/ (m,+m,)

1 _ mm, m
K, =—G——%*———— Kinetic energy for m,
2 r (m +m,)

m, and m, have different kinetic energies

1 _mm, m, 1 _mm, m,
K. =K +K,=—G +=G
2 r (m+m,) 2 r (m +m,)
m m,
KT:16‘
2 r
U--¢2
r

Therefore, the total mechanical energy of the system of
the binary stars which is given as emission of gravitational
energy is:

1 mm m m
E=K,+U==G -G
r r
Jo R i
2r

It is the same total energy formula of a particle orbiting
an almost static massive object. Each mass m has equal
angular velocity, equal angular frequency and different
kinetic energy with different linear velocities.

The mass of each star is as follows:

2 2
(1—V—1 G——22 _—yp?

2
c r(m, + m,,

m =m
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2 m 2

A2 G ==,

m,=m,
2 r(m, +m 2

Then, each star has different lost mass given by Am=
m_ c*- m,c? Also, each star has different gravitational energy
emission corresponding to the lost mass of the respective
star. It is possible to obtain the total energy at the classic
approach:

2
Vl 2 2 Vlz
m=m |1-——| E,=mc"-m c"=———m
ol 2 1 1 ol ol
2c
2 2
V2 2 2 VZ
m,=m_(1-—) E,=m,c"-m_c" =——=m
02 2 2 2 02 02
2c 2
m* m m? m
E:El“rEZ:—G 02 ol ol 02

r(m +m,) 2 r(m, +m,) 2

m, mo, :
= —62— as the classic result
r

Case m, =m,=m:

mr =mr,r =r,
Each mass m orbits the same circle of radius r =T,
=TI +T,
r=2r r=2r,r=r/2r,=r/2
For m, it is obtained:

mm v mr, m
G——=m— G—t=v’ G—=v’rz=r/2
r r r 2r
: m 2m
W= =G——=G—
| ren, r
_+ 2
K =—mv,
, 1 m m*
K=—mv'=—mG—=6G—
2 2r 4r

Form,, itis obtained:

mr, m
G—=m—= G—t=v, G—=vr1,71/2
r T, r 2r
: m 2m
W) = =G =G
. rer, r
_1 2
K,=—mv,
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It is possible to obtain the same result, if we replace m =m,
in the formula:
1 _mm m m*
K=-6G—*2—*— K =G— mz=m,=m
2 r (m +m,) 4r

m.m m 2
K=t¢D™ M g g
2 r (m +m,) 4r

2

m
K,=K +K,=26—

4r

2 2

K -c" y-—c™
2r r

Each mass m has equal angular velocity, equal angular
frequency, equal energy emission, equal linear velocity and
equal kinetic energy. Thus, the total mechanical energy of the
system of the binary stars is:

2 2
E=K,+U=62—¢"
2r r

2

E=-—c™

2r

It is possible to obtain the total energy of the system
from the formula:

1 mm, m,
K. =K +K,=—G
2 r (m+m,) 2

l m m, m,

r (m +m,)

mlmZ d
U=-G For m =m,=m and r =r,=r/2 r=r +r,

r
2 2
E=K,+U=262-¢Z_
4r r
2
E=—¢™
2r

The mass of each star is as follows:

v’ m,
m=m_,(1-——) 6—>=v,” m_=m_=m
ol 2 1 ol 02 ()
c 2r
v, m
m,=m,,|(1--=2) 62=v,
c 2r

Then, each star has equal lost mass given by Am= m c?-
mc?. Also, each star has equal gravitational energy emission.
It is possible to obtain for the total energy at the classic
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approach:
v’ v’
m =m [1 —? E =mc*—-m c*=——m,
v’ v’
m,=m, [1 —i E,=my’—m c* = —?moz
m m m m
E=E +E,=—6G—"—"-6G—"—"m_=m_,=m
2r 2 2r 2% %0
m 2
F =—-G—2 as the classic result
2r
Thought Experiment (Gedanken
Experiment)
Thought Experiment 1

Gravitational Red Shift and Effects of the Gravitation
on the time measure, frequency, wavelength and on the
light velocity: A uniform gravitational field g is directed
downward in K, with the photon emitted by an atom A
falling a distance d through this field before it is absorbed
by the detector D [5]. The system K’ is accelerated uniformly
upwards with respect to K with a = g (Figure 4).

-

Figure 4: The system K with the gravitational field g and
with the photon falling a distance d before it is absorbed by
the detector D. The same for the equivalent system K" but
with the acceleration a=g.

When the photon is emitted in the system K’, it has some
velocity u in this system. The velocity of the detector when
the photon reaches is u + at, where t is the photon’s flight
time: tis approximately d/canda=g.

The velocity of the detector absorbing itis u + gd /c. If it
is introduced the unaccelerated reference system K, with
respect to which at the instant of light emission, K ‘ has not
velocity, then D, at the instant of arrival of the radiation at D
has the velocity V_g_a’with respect to K [6]. Indeed, the

c

detector has an approximation velocity with respect to the
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emitter of |, _ gd , independent of u.

c

Therefore the received frequency f “ at the detector is
greater than the emitted one f. It is giving by the formula of
the Doppler effect:

gd<<c?

izl+g—d f'’=f 1+g_d for system K’
f c’ c*

f’;f[1+z) where Vzg—d
c c

It is possible to obtain the same formula with the
equivalence principle for the system K as follows: Let’s
consider that A and D are at rest and there is no Doppler
effect which explains the increase in frequency. But, there is
a gravitational field and this field acts on the photon [5].

Then, it is possible to obtain the same formula with
the equivalence principle for the system K where there is
a gravitational field (A and D are at rest). It is given to the
photon a gravitational mass equal to its inertial mass E/c?.

When falling a distance d, the photon gains an energy
(E/c¥)gd. In quantum theory, the relationship for E is E = hf.
It can be shown that E is proportional to f and that from the
relativistic transformation of energy and momentum. Thus,
it is obtained: Am=E/c?=hf/c?.

The energy of the photon being absorbed at D is its
initial emission energy plus the energy gained by falling from
A. This absorption energy in D is:

E'=E+(E/c?)gd E’:E[1+g—‘2{] E' = hf
c
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higd i;1+g—d

¢t f c?

hf’=hf +

f'= f{l + g—cjj for system K and equal to the system K.
c

Therefore, it is necessary to add to the energy E the
potential energy due the gravity. It probes also that the
increase/decrease of the inertial mass in the accelerated
system K’ corresponds to the increase/decrease of the
gravitational mass in the gravitational system K.

Thus, when light falls in a gravitational field at the
same direction of the gravity acceleration, the light acquires
greater energy and frequency, its wavelength decreases
and it is said to deviate towards the blue. If the emitter
and detector had been reversed and light rises in opposite
direction to the gravity acceleration, it is concluded that the
energy and frequency of the light decrease, its wavelength
increases and it is said to drift towards the red. Thus, if the
photon instead of descending from A to D in the accelerated
system, it ascends from D to A, the formula is:

f’;f[l—g—‘jj light rises in opposite direction to the
c

gravitational field.
The value of the gravitational potential is replaced and

it is obtained: ®
E=FE|1+ —
c

GMm
U=m gd U =- =
R

GMm . GM
“=m @d —=gd=
2 ,@ PR

f=f [1 —%} gravitational redshift for the light
c

where M is the mass of the planet or Sun and R is the
respective radius. The minus sign is because the photon
losses energy to pass near the gravitational field of the Sun or
the Planet. This is known as gravitational red shift, because
light in the visible part of the spectrum will be shifted toward
the red end [5].

By using the variant Mass due the Gravitational Potential
Energy, it is obtained:
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dU=- dW dW =FdR F= —Gl\g—rzn

The gravitational potential energy is equal to the negative
work done by the gravitational force because it is necessary
to gives energy or to do work on the system to separate the
particle m.

c’dm=dU

ctdm :GM—de
RZ

The reference point is arbitrary for the gravitational
potential energy. It is chosen the point where the force is 0
atR =co.

-GM( 1
m=me ¢t [R] (Variant Mass due the Gravitational
Potential Energy)
GMm vi GM
=m— ——-=Vv
R? R R

GM(%JH c? vi<<ctv<<c

—GMl
oy a1y 1am (1,
ct\R) 2 c*\R

wal2f]

For the light, it is necessary to replace mc?=hf:

f'= f[l —%J gravitational redshift for the light
c

It is possible to have the next question due the
gravitational redshift: if there is constant transmission of
light from A to D, how can any other number of periods per
second other than that emitted at A reach D?. The answer
is because we cannot consider f or f ‘ simply as frequencies
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(as the number of periods per second) since we have not
yet determined the time in the system K. What f denotes is
the number of periods per second with reference to the unit
of time of the clock U in A, while f* denotes the number of
periods per second with reference to the identical clock in
D [6].

Nothing forces us to suppose that U-clocks at different
gravitational potentials must be considered to be running at
the same rate. On the contrary, we must certainly define the
time in the gravitational system K in such a way that the
number of wave crests and valleys between A and D is
independent of the absolute value of time. Thus, the two
clocks at A and D measures the time at the same rate. It
means that If we measure the time in D with the clock U, then
we must measure the time in A with a clock running

GM \ times slower than the clock U: GM
1- t,=t,|1-

Rc? Rc?

when compared to U in D and in the same place [1]. Then, the
relation of the both times is as follows:

GM , M
S AA

Then, when we measure by this clock, the frequency of
the light ray in its emission at A is equal to: f(l GM] (less

Rc*

count of number of wave crests and valleys due the time
dilation measures in A), and therefore it is equal to the
frequency f* of the same light ray upon arrival at the detector
D.

Thus, it is necessary to use U clocks of different
constitution to measure time in places of different
gravitational potential. If we want to measure time in a place
that, with respect to the origin of coordinates, has the
gravitational potential @, it is necessary to use a clock that
(when brought to the origin of coordinates) runs [1 GMJ

Rc?

times slower than the clock used to measure time at the
origin of coordinates.

Also, the formula for the decreased distance d of a particle
orbiting a Planet due the gravitational energy emission is as
follows:

2

d':d(l— GMJ
rc
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The wavelength is given by the next formula:

é< ( —GMZJ =A;: increased wavelength due the
Rc

gravitational potential.

The light velocity v'= A'f ~ is obtained by replacing the
respective formulaA”and f“ or V,:i' :
-

2
vi=v |1- M
Rc?

vy, [1 - 2%j light velocity in a gravitational field ®
c

It is also known as the refraction index for the light [1].

Thevariationvelocityisbecausethedifferentgravitational
potential between different places. It is consequence of the
time dilation of the place with gravitational field. The light
has lower velocity in a place with gravitational velocity than
in a place without the gravitational field [6].

This seems to contradict the principle of constancy of the
speed of light. But there is no contradiction, because this
light velocity variation is due the gravitational field. The
light velocity remains constant at the place where there is
the same gravitational potential but with different value in
relation with other location where there is other gravitational

potential.

In resume, in a gravitational field, the light has lower
velocity, lower rates of the clock-time (less time measured)
than the light in a place without gravitational field. Then,
the light passing near the Sun for example experiments
the gravitational redshift when the light is observed the
Earth (less frequency measured, deviation to the red), more
wavelength, because of the time clock measure and the real
lost energy.

Thought Experiment 2

Inertial Mass=Gravitational Mass: It is considered the

following sequences from the previous thought experiment

[6]:

1. The energy E measured in A is emitted in the form of
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radiation from A towards D, where by the result just
obtained, the energy absorbed and measured in D is:

E':E[1 +g—fJ
C

2. An object of mass M is lowered from A to D, doing work
W in the process.

3. The energy E is transferred from D to the object of mass
M while it is in D. The mass M is now M ‘ due to this
addition of the energy.

4. The objectisraised again to A, doing work in this process.

Let the energy E transferred back from the object to A.

vt

The effect of this cycle is simply that D has experienced

the increase in energy Eg_d of the pulse emitted in A and

CZ

that the amount of energy M’gd-Mgd has been transmitted to
the system in the form of mechanical work. By the principle
of energy, we must have:

gd .

Thus, the increase in gravitational mass is equal to E/c?
and equal to the increase in inert mass which is established
by the theory of relativity. This result is in accordance with
the equivalence principle.

Experimental Test

Gravitational Redshift

The predicted fractional change in frequency from the
thought experiment 4.1 is:

CZ f f CZ

f,;f(“ﬂj £ _Af _gd
If we consider the distance d from sea level to the highest
mountain on Earth, its value is approximately only 102, In
1960, Pound and Rebka were able to confirm the prediction
using the Jefferson Tower at Harvard with a height of 22,5 m

[5].
F-f _Af _gd _ (9,8)(22,5)

- - =2,45%107"
f f C (3*108)

Using the Mossbauer Effect (which allows a very sensitive
measurement of frequency variations) with a gamma ray
source and taking great care to control the variables, Pound
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and Rebka observed this gravitational effect on photons and
confirmed the quantitative prediction [5]. Then, Pound and
Snider in a subsequent experiment found the same result
with more accuracy [5].

The result can be generalized to photons emitted from
the surface of stars and observed on Earth. It is assumed that
the gravitational field does not need to be uniform and that
the result depends only on the potential difference between
the source and the observer. The formula for the gravitational
redshif was calculated at the thought experiment 4.1:

F=fl1-M
Rc?

It is possible to explain with the next example: f
represents the number of vibrations of an elemental light
generator measured by a delicate relay in the same place.
This is done on the surface of the Sun where A is located
as the thought experiment 4.1. A portion of the light that is
emitted from the Sun reaches the Earth (detector D) where
we measure the frequency of the light that arrives with
a clock U [5]. The measured frequency in D is given by the
demonstrated formula:

Fefl1-SM ) oM _ oy
Rc? R

In this case, M is the mass of the Sun and R is the radius
of the Sun and @ is the gravitational potential of the Sun.
Thus, the spectral lines of sunlight must be somewhat
redshifted which is the gravitational redshift, compared to
the corresponding spectral lines of terrestrial light sources
by the approximate amount:

r-r _a ~2,11x10°°
f R
This shift of the spectrallines of sunlight can be measured,
but due to other influences (pressure, temperature) that
affect the position of the centers of the spectral lines, it is
difficult to measure this spectral shift [1].

Light Deflection

Einstein calculated that the light from the stars should be
deflected by approximately 1.75 arc seconds when passing
close to the sun. Stars that appear near the Sun can only be
visible in a total solar eclipse. In 1919, the Royal Society of
London organized an expedition to Africa and another to
Brazil to observe an eclipse of the sun. The observations
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showed with great accuracy that the apparent deviation of
the position of the stars near the Sun corresponded to that
predicted by Einstein [7] (Figures 5 & 6).

Figure 5: Light Deflection from the stars when passing
close to the Sun.

Light Deflection by using the velocity formula for the
light
The light velocity is given by the next formula (from 4.1):

1= v [1-2 M
Rc*

M g GM
dV':ZV" dr d—V:ZV” ﬂ ﬂ:V'
cirt dt cirt dt dt
v GM . v GM
=27 g AoV e e~ 9% (photon time)
2.2 ’ 2.2
c'r 4 c'r c
’ GM ’
av’ _,v.eMdz av' oM .
v’ c’r* ¢ v it
dH:ZdV c,05(p
|4

GM R
d0=2——dzcosp cosp=—
c'r r

Figure 6: Light deflection with the components of the

|_velocity and the angles d6 and ¢.
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GMR dz

d49=2 > 2a’z— do=2 o (R*+2%)
cr r C (RZ +ZZ)
GMR += dz
0=2 c? J‘_w ) 5\3/2
(R +z )
oo ZGIIZR z13 Jn/z Rsec’d g
c® R 2 sec® 9
0~ A4GM
Rc?
If we replace the values of the mass and radius of the Sun and
the light velocity, we obtain:

€ =1,75 arc secons of light deflection

Light Deflection by using Relativity Theory
The four dimensional space time ds in flat space according to
spatial relativity is given by the next equation (1), [8]:
ds* =c*dt* —dI’
In this case, light follows straight paths which are expressed
by the relation:
ds*=0

Therefore, we obtain:
2 2 2 d] :
cdt*—dlI*=0 ¢ :E (constant velocity)

But our world is no flat, then it is necessary to do some
corrections due to the curvature of the space time. Therefore,
we consider a spherical distribution of mass M and the four
dimensional space time is given by the next expression (1),

[8]:
ds* =[1—20ﬂchzdt2 —(1 ZGdelz
rc rc

We can solve the equation by using power series [8]:

0= (1—26]?] zdtz—[l ZGM}{/Z

rc rc
[ - ZGM)
2
dl _ rc ZGM)E~ _%f GMD e
cdt 26M rc? rc? r
1+—
rc

2y M My
rc I'C r

(1+
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ar ~1-2M ¢ (%)2 is neglected for M
cdt rc? rc? r
dl =cdt| 1- 26M

rc

If we divide by dt, we obtain:

26M
vi=v |1- > where v =c
rc

By applying the same procedure of before, it is possible to
obtain:

AGM
~ o € =1,75 arc secons of light deflection
c

Perihelion Precession of Mercury

The perihelion or the ellipse of Mercury has a small
rotation and changes a small angle 0 after every turn around
the Sun [1]. A prediction of the Einstein Theory is that the
Perihelion Precession of Mercury must differ of the classic
prediction for about 43 arc seconds by century [6].

Itis possible to obtain by using the formula demonstrated
from 4.1:

d’= a’[l —G—ﬂfj r=a for an elipse
ac

where M is the mass of the Sun, d is the perihelion and c is the
light velocity: M=1,989*10%° kg, d=45926524600 m, c=3*10°
m/s

a: semi major axis of the ellipse=57894348600 m

The formula for the period of every Planet is given by
Keple Law [2]:

i 4r7?
GM

a°T=7598971,805 s for circular motion a=r radius
of the orbit

d=r: perihelion distance d”: the decrease perihelion distance
d'=45926523431 m Ad=d- d'=1169,352684 m

a": the decrease semi mayor axis of the ellipse=a-
Ad=57894347431 m
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T'=7598971,575 s

Because of the different time measured in a gravitational
field, it is used the formula:

GM
t= t'(l _Fj t'=T" t=T"": time in the gravitational field
c

T”=7598971,381 s

The perihelion of Mercury has moved an angle 6":

o= 2r*T"

(1 —%] 0'=6,28319949 Rad

ac*

The factor (1—G—ﬂ/2[) is because the value of
ac

Perimeter of Circunference in a euclidean geometry is 2m,

radius

but it has an increase value due the decrease of the radius
because of the gravitational field.

A0=21-0"

A0=5,1032*107Rad/rev

1 arcsecond=4,84*10° Rad

T, .=0,241 T,  (relation between periods of Mercury and
Earth)

1 century=100 years

By applying the factors of arcsecond, T, and century, it is
obtained:

A0=43,75 arcoseconds/century. This value is in agreement
with prediction of the value of General Relativity Theory of
43 arcseconds.

The value by using General Relativity Theory is obtained by
using the formula [1]:

3.2
Aﬁzﬂ (Rad/Rev) where e=0,2056, r is the
Tzcz(l—ez)

perihelion of Mercury and M_is the mass of the Sun and by
applying the factors of before, it is obtained:

A0=43 arcseconds/century
Conclusions

The mass of the particle after the emission of the
gravitational energy in a gravitational field (particle orbiting
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a Planet or Sun) is:

2
f v Co . .
m=m,,|(1-—) mass for a particle in a gravitational field
c

GM | Am=m_-m: total lost mass of the
Am=m_ |1- || 1-

rc’

particle

It is in agreement with the total mass decreasing of the
particle in a gravitational field for the classic approach:

GMm
2 < J GM /r<<c?

Am=mc* —mc* :[

Also, the mass for the particle in a gravitational field
which uses a Newton Approach agrees with the formula for
the mass from General Relativity at distances very far from
the massive object (Sun for example) and also at distances
very near to the massive object with high accuracy [7]. Then,
both models: the Newton Approach with a gravitational field
interaction and gravitation force and the Relativity Theory
with a curvature of the space time are in agreement at the
results for the mass of the particle in a gravitational field
with high accuracy.

Besides, it is possible to have the next thought
experiment: If a mass M_ is suspended from a spring balance
in the K “ accelerated system with acceleration g, the balance
will indicate the apparent weight M _g due to the inertia of M
(the balance transmits the acceleration to the mass M ) [6]. If
the amount of energy E is transferred to M, the spring
balance, by the law of the inertia of the energy (equivalence

, s
of mass and energy E/c’=m), will indicate Mg+=g-

Exactly, this should happen when the experiment is repeated
in the gravitational system K where the balance transmits
the gravity acceleration of the Earth to the mass M. It
happens also at the light deflection when passing close the
Sun. The light does not have mass but light has energy and as
consequence, it experiments the interaction with the
gravitational field by using a Newton Approach [6].

The total energy for a particle in a gravitational field is
as follows:

E=mc*—m/c’

/ GM
E=m c®|(1- — —1) energy foraparticleinagravitational
rc

field
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GMm
E=- 5 2 (total energy at the classic approach) GM/r<<c?
r

The total mass energy lost is given by the formula
demonstrated and it is equal in absolute value to the total
bond energy of the system (particle orbiting a Planet or Sun)
which is emitted as gravitational energy when the particle
goes from one orbit to another orbit with less radius. The
emission of the total gravitational energy E produces a lost
mass of the particle m=E/c%

For a Binary Star, the formula for the decrease mass is as

follows:
2 2
v m
m =m, (1—#2) G——2—=v}
c r(mo1 +m,),
2 2
v m
my=m,|(1--=) 6 ——2——=v
c r(m, + m,,

Then, each star has different lost mass given by Am=
m_c?- mc?. Also, each star has different gravitational energy
emission corresponding to the lost mass of the respective
star.

The total energy for each particle is as follows:

2 2
2 2 Vi m,, 2
E =mc -m. c” m=m_ ,(1-—) G——""——=v
ol 1 ol 2 r(m +m 1
c ol 02)
Bem,cm e m —m, |(1-Y2) G—o 2
,-m,C oZC 2~ o2 2 r(m +m 2
c ol 02)

Therefore, it is possible to obtain for the total energy at the
classic approach:

2 2
m=m |1-2 E=mc-mct=-"tm
1~ o1 1~ M o1 - 01

2c?
2 2
v v
my=m,|1-—-| E,=myc*—m c*=—2m
02 2 2 2 02 02
2c 2

The total energy of the system is:
m _ mo )
E= —G—"; 2 as the classic result
r

For the light, the formula obtained for the gravitational
redshift frequency, wavelength, time measurement, decrease
distance and light velocity are:

f'= f(l —%j gravitational redshift for the light
c
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where M is the mass of the planet or Sun and R is the
respective radius.

It is possible to obtain this formula by using the variant mass
due the gravitational Potential Energy:

— GZM[%
m=me ©

j (Variant Mass due the Gravitational Potential

Energy)
By replacing for the light mc?=hfand GM/r<<c?, it is obtained:

f'= f(l - %J gravitational redshift for the light
c

The wavelength is given by the next formula:

é< [ —%j =A;: increased wavelength

Rc?
The formula for the time in a gravitational field is:

t'=t/ (1 —%) t: clock time with the gravitational field
c

Also, the formula for the decrease distance d of a particle
orbiting a Planet due the gravitational energy emission is as
follows:

a"=a’[1—G—ﬂfJ decrease distance due the gravitational

rc

energy emission
The light velocity v'= A'f ~ is obtained by replacing the
respective formulasA”and f"or |, 4’:

t

vy, {1 - 2%) light velocity in a gravitational field ®
c

In resume, in a gravitational field, the light has lower
velocity, lower rates of the clock-time (less time measured)
than the light in a place without gravitational field. Then,
the light passing near the Sun for example experiments
the gravitational redshift when the light is observed the
Earth (less frequency measured, deviation to the red), more
wavelength, because of the time clock measured and the real
lost energy.

By using the formula for the light velocity, the value of
the light deflection is: 4GM

0~
Rc?

e =1,75 arc secons of light deflection. It is in agreement with
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the result of the General Relativity Theory. Also, the formula
for time dilation and decrease distance are used to calculate
the Perihelion Precession of Mercury. The result A0=43,75
arcoseconds/century is in agreement with the experiment
result and with the Relativity Theory with high accuracy.

This research is relevant for an unification theory.
Photons and particles are used indistinctly at this research
(for example the formula of the gravitational redshift
frequency for the light is obtained from the formula of the
variant mass due the gravitational potential). Besides,
it is used the energy E=hf for the photon energy at the
demonstration of the gravitational redshift formula (at the
thought experiment 4.1).

It can be concluded from this research that gravitational
and electromagnetic energy are radiation of the same kind
but with different frequency in the spectrum electromagnetic.
This research has profound relation and insignia of the
results for quantum mechanics as for example with the Atom
of Bohr and it constitutes an important step for an unification
theory.

The same process occurs in the atom for the electron
when jump from one orbit. The particle decreases its radio
and the velocity v increases with emission of electromagnetic
energy (photon) at the jump of the electron from one orbit to
another with less radius. Besides, the electron losses mass as
result of this emission. It is established at the article Variant
Mass for an Accelerated Charged Particle [9-12]. It is possible
to appreciate the symmetry of the physics and the nature by
comparing what happen at the atom (microscopic scale) and
at the planetary system or space (macroscopic scale).
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