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Abstract

Quantum gravitational theory, based on the hypothesis of the absolute refer-
ence system, reveals the function of the effects of the gravitational field at the
microscopic and macroscopic scale. The quantum nature of gravitational po-
tential, and the dynamics and kinetic energy of photons and elementary par-
ticles under the influence of the gravitational field are studied, and a quantum
interpretation of gravitational redshift is given. There is also a complete
agreement of this quantum gravitational theory with the existing experimen-
tal data.
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1. Introduction

Quantum gravitational theory based on hypothesis of the absolute reference sys-
tem is fully compatible with quantum mechanics and quantum field theory, for
the following reasons:

1) Quantum gravity based on the hypothesis of the absolute reference system
does not need the possibility of renormalization, since there are no infinities
arising in calculated quantities. There is also no point-particle, since the ele-
mentary particles of matter have a specific structure, consisting of bound pho-
tons.

2) Changes in the operating rate of clocks under the influence of a gravita-
tional field or due to motion at high speeds comparable to the speed of light in
vacuum, based on the hypothesis of an absolute reference system, are not related
to the concept of spacetime, but are related to the influences exerted on the
structural elements of the particles, such as the effect of a gravitational field on

bound photons, as well as Lorentz contraction.
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3) Spacetime is not dynamic as in the general theory of relativity. The space of
the hypothesis of the absolute reference system is a Euclidean space, and there is
the possibility of an unambiguous description of all the cosmic events observed
in the absolute reference system.

The study of inertial systems based on the hypothesis of the absolute reference
system is stated in [1] [2] [3]. In the present work, the quantum nature of the
gravitational field is studied and in addition the effects of the gravitational field
on physical phenomena are studied by supplementing what is already stated in
[4].

Some references related to the general theory of relativity, in which are pre-
sented the principles of this gravitational theory by its author himself, are in
[5]-[10].

2. Quantum Description of the Gravitational Field

Based on the hypothesis of the absolute reference system, the elementary pho-
tonic wave is considered to be an oscillator whose mean value of kinetic energy
is equal to (1/2)hv, where A is Plank’s constant and v is the frequency, and
mean value of dynamic energy is also equal to (I/Z)hv ([2], subsection 3.3.
Harmonic Oscillator). The total energy of a photon is equal to /&v. Also ac-
cording to the section “Introduction to Particle Mechanics” in [1], we have the
relation hv =m,,c*, where m,, isthe photonic mass and cis the speed of light
in vacuum. We must then consider the effect of the gravitational field on a pho-
ton coming from a space in which there is no gravitational field, and then prop-
agates in a gravitational field, that is, on the already disturbed ether.

We consider that outside the gravitational field is a body or a measuring in-
strument, when it is included in the natural reference frame of the celestial body
to which the gravitational field is due, but it is very far from this celestial body,
so that the effect of the gravitational field is considered practically zero. Also, we
denote by m,, , ¢, and v, the mass, velocity and frequency of a photon,
when it is outside the gravitational field, while these physical quantities will be

denoted by m,,, cand v respectively, when the same photon is inside the gra-

h
vitational ﬁe]a’i7

The momentum of the photon, without the presence of a gravitational field,
making use of the clock which is outside the gravitational field, is given by the
relation p, =m, c, ([1] section 4. Introduction to Particle Mechanics).
The corresponding relation for a photon propagating in a gravitational field and

resulting from the use of the aforementioned clock, in vector form, is:
p ph = mphc (1)

where m,, ¢ are functions dependent on the radius r ([4] section 2. Mass
and velocity of a photon in the gravitational field). We consider that the
photon propagates in space with the simultaneous presence of a gravitational
field derived from the spherical body of mass M.

Therefore, the momentum - energy relation of a photon that is a force carrier
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of the gravitational field is:
p12;h
m

=&, (2)
ph

Suppose that in a small volume oV, at a radial distance r, a set of N force
carriers of the gravitational field is an elementary part of the whole spherical
wave of all force carriers of the gravitational field of a celestial spherical body of
mass M. The wavefunction W of this system of N photons of different fre-
quencies will obey the classical differential equation of a spherical electromag-
netic wave. Specifically, the action of the kinetic energy operator!' on the wave-
function W is given by the equation:

‘ph,kin = ? (9t (3)

and gives us the equation of action of the total energy operator on the wavefunc-
tion ¥ of the photon:

Y= jp— (4)

The momentum operator is p,, =—i#V . From Equations (1) and (2) we get

the equation:
2 |
pph - _2€ph (5)
c

from which we get the classical electromagnetic wave equation:

1 &

2
(V ——Za—zj‘l‘(r,l)zo (6)

where the wavefunction W depends on the radial distance r and not on the
vector position r, since this wave is spherical. Under these conditions the ac-
tion of the operator V’ on the wavefunction ¥ is expressed by the equation:

VY = Li 72 8_‘}’
r* or or

so, Equation (6) can take the form:

0? (r‘{’) 1 0° (r‘I’)
_ =0 7
or? &’ o @

The solution of this differential equation, for NV photons, which are force car-

riers in the elementary volume OV, is given by the relation:
_ LS oithran)
W(ri)=13 de (8)
I izl

where 4, for i=1,2,---,N, is constant. The gravitational potential, U(r) , 18
proportional to the time-averaged absolute value of ‘W(r,z), so it is in a form

given by the relation:

'The momentum and kinetic energy operators are described in the literature reference [2], subsec-
tion 2.2, Wave Function of a Free Particle, Equations (2.9) and (2.10).
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U(r)~[¥]=V¥¥ = ©)

AN

where A4 :1IZZI|AI.|2 . If we denote by E the intensity of the gravitational
field (something analogous to the intensity of the electric field in electromagnet-
ism), then this is given by the relation:

E(r)=—VU(r) (10)

On a photon located in the above elementary volume 6V and having mass
m,, a gravitational force is exerted, determined by the equation:
GMm

7

F=m,E=-m,VU =~ g (11)

where #, is the unit radial vector. Therefore, the expression for gravitational

potential, U (r), is:

U(r)=- (12)

We must also summarize the findings of the study regarding the dependence
of the mass and velocity of a photon under the influence of a gravitational field,
as stated in [4] (section 3, Mass and Velocity of a Photon in the Gravitational
Field). This dependence of the velocity and mass of a photon on the radial dis-
tance r, which is the distance of the photon from the center of the spherical ce-

lestial body of mass A4 is determined by the relations:

aGm )"
=CD[1— > J (13)
re,
4GM
mp mpha (1 7‘6’5 j (14)

Since the elementary particles have as structural elements the bound photons,
the function of the photonic mass, which is due to the dependency on the radial
distance, will be analogous to the corresponding function of the mass of a body
located inside the gravitational field. If m and m, are the masses of a spherical
body inside and outside the gravitational field respectively, and r is the radial

distance, the mass function m is given by the relation:

aom Y
m=m, (1— ] (15)

2
rc

o

The dynamic energy of a photon, due to the effect of the gravitational field
when moving from a position outside the gravitational field (ie. theoretically

from infinite distance) to a radial distance R, is calculated by the integral:
Vo j Fdr=—["(-m,VU(r))-dr (16)

With the help of the relation (11) and the relation (12) for the gravitational

potential, we get:
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2
rc,

3/4
I S

1/4
4GMJ a”)

R

o

_ 2 2
=-m,, c,+m, c, (1—

2

_ 2
=-m,, ¢, +m,c

h

The first-order approximation of this photon gravitational dynamic energy is

calculated according to relation:
v, (R)= _%

R
and respectively for a particle, which had mass m, when it was outside the gra-
vitational field, and now it is inside the gravitational field at a radial distance R,
the gravitational dynamic energy is calculated approximately according to rela-
tion:

GMm,

R

V(R)=

The nature of this dynamic energy is studied in [4], section 2, The Origin of
Attractive Force in a Gravitational Field, and we observe that the energy E,,,
which is also stated in [4] (section 2), at a radial distance ris equal to V., (r)
Indeed, by putting F = f'(r)i, , as stated in [4] (section 2, Equation (2)), we get

the relation:

dE
F=f(r)a,= d:h i, ==V, (r) (18)
which is easily confirmed according to relation (17).

The total energy of a photon propagating inside a gravitational field at a radial
distance R, using the measuring instruments of a laboratory located outside the

gravitational field, according to relation (17) is:

mphc2 =m,, e+ V.. (R) (19)

where m,c> =hv, m ¢} =hv,, and the frequencies v and v, are the fre-

pho
quencies of the same photon when it is inside the gravitational field or outside it
respectively, measured by a clock located outside the gravitational field. As al-
ready mentioned at the beginning of this section, there is a term for the kinetic

>, and two terms of dynamic

C

1 1
energy of this photon, which is Ehv” =M, €

energy, one of which is that of the elementary photonic harmonic oscillator
equal to the kinetic energy term, and the other term of dynamic energy, ¥, (R),
is due to the effect of the gravitational field on the photon. Due to this effect of
the gravitational field, a physical system located within a gravitational field be-
comes non-inertial. Therefore, in order to estimate the kinetic energy of the
photon using the above-mentioned clock, one must calculate the quantity —Av,,
which is equal to the kinetic energy of the same photon, when this photon is

outside the gravitational field.
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The spherical electromagnetic wave, which consists of free photons of gravita-
tional field force carriers, comes from the continuous conversion of bound pho-
tons into free photons (and vice versa), and their frequency spectrum is the
spectrum of the “mass frequency” of bound photons® from which they originate.
The density of these force carriers at a radial distance of ris proportional to the
time-averaged value of the quantity YY" (as mentioned in [2], subsection 2.2,
Wave Function of a Free Particle), and is also proportional to the mass of the
spherical homogeneous body from which the gravitational field originates. But
the mass of the spherical homogeneous celestial body is affected by the gravita-
tional field created by the body itself. Suppose that the whole mass of the spheri-
cal body is converted to free photons in a space in which there is no gravitational
field and that this measured mass of free photons is equal to A/ . This mass,
M, , is called non-gravitational mass. Therefore the mass of the spherical body
before this conversion, that is, when it was in a solid state, must have been
slightly greater than the measured mass of free photons, due to the existence of
the gravitational field created by the body itself. This mass, which we consider
equal to MM, is called gravitational mass.

If we want to calculate the gravitational mass, A4, of this body we can do it
with a good approximation ignoring terms of very small order of magnitude.
Suppose first that a concentric spherical part of this body of radius rand gravita-
tional mass M(r) is surrounded by a spherical shell of differential thickness
dr and differential gravitational mass dA(r), as shown in Figure 1, and that
the density p of the non-gravitational mass is constant throughout the body.
The differential gravitational mass of the spherical shell is given by the rela-

tion:

AM(r)=dM, (r)[l—%j_m

2
re,

where dM, (r) is the non-gravitational differential mass of the spherical shell.
By setting M(r)—M, (r)=AM we get the approximate relation:

0

GM(r) _ GM, (r) . GAM _ GM, (r)

2
4

2 2
rc, rc rc,

o

rc

since the quantity GM, (r) / (rcj) is quite small (of the order of 10~ for the
solar system). If we denote by R the radius of the spherical body, the approx-
imate calculation of the gravitational mass of the body gives us:

M= dMm(r)= jf(l LoM(r)

rc,

de“ (r) (20)

Since the above density, p, is constant, it follows that the non-gravitational
mass in the spherical part of radius r is M, (r)= —npr’, and also
dM, (r) = 4npr’dr, so, it follows that using the previous integration, the gravi-

tational mass of the body is determined by the following relation:

*The concept of mass frequency is described in [1], subsection 4.1, The Structure of the Smallest
Elementary Particle.
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dM(r)

dr

Figure 1. A concentric spherical part of the body of
radius rand gravitational mass M(r) is surrounded
by a spherical shell of differential thickness dr and
differential gravitational mass dM(r).

9 GMOJ 1)

M=M, 1+——
5 Rc

o

4
where M, =§rch3.

3. Additional Effects of the Influence Exerted by the
Gravitational Field on Matter

As mentioned in the previous section, the kinetic energy of a photon propagat-
ing inside a gravitational field is equal to the kinetic energy of the same photon
when it is outside the gravitational field. Also, the physical reference system of a
massive celestial body M is not an inertial reference system, since it dynamically
affects all the structural elements of all the elementary particles of matter. Ac-
cording to the hypothesis of the absolute reference system, these structural ele-
ments are the bound photons.

Although all the internal dynamic energies of an elementary particle have a
sum equal to zero in order for the particle to be in a stable state, the state of the
particle due to the gravitational field remains as an exogenous non-inertial state
of the particle. For example the effect on the velocity and mass of a captive pho-
ton, according to relations (13) and (14), gives us the total energy of the bound
photon, but its kinetic energy is maintained equal to the kinetic energy estimated
when this captive photon is outside the gravitational field. Therefore the kinetic
energy of a particle is that which the particle had when it was outside the gravi-
tational field, moving in an inertial system at a speed measured by the measuring
instruments of the same inertial system equal to the velocity of the particle inside
the gravitational field that measured by same measuring instruments. The kinet-
ic energy of a particle which is at a radial distance r and moves with speed u
measured by the measuring instruments of a laboratory located outside the gra-

vitational field, according to the hypothesis of the absolute reference system, is
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given by the equation:
E, = l 20 1 21 22
2
where y = (I—uz/cj )-1/2 .

A notable change, due to the effect of the gravitational field, is the change in
the quantitative estimation of the electric charge of an elementary charged par-
ticle. As has already been proved by the principles of the hypothesis of the abso-
lute reference system (in [1], subsection 2.4.2, The Charge and the Force Car-
rier of Electromagnetic Interactions, Equation (2.60)), a charged particle in-
itially accelerated by electromagnetic interactions in the inertial reference system
of the laboratory, then moving at a constant velocity v with respect to it
measured by the instruments of the laboratory, has an electric charge equal to
q, » while before acceleration, practically stationary in the laboratory, it had an

electric charge equal to g. The corresponding relation is:

g, =L (22)
7,

A charged particle under the influence of a gravitational field, considered as
stationary at a radial distance z, undergoes a change in the quantitative estima-
tion of its charge due to the expression of the estimated time’, obtained by using
a clock that is at the same radial distance, 7, as that of the electric charge, ac-

cording to relation:

re

1/4
t, = t[l— 4G]2V1j (23)
0
because this estimated time causes a change in the estimation of the emission
rate of the force carriers in relation to the estimation of the emission rate of the
force carriers resulting from a clock outside the gravitational field, as in the case
of the aforementioned moving charged particle.

We denote by g the electric charge of a particle located at a radial distance R
within the gravitational field, which is measured by the measuring instruments
of a laboratory located outside the gravitational field. Also, we denote by g, the
electric charge of the same particle when this particle is outside the gravitational
field, measured by the aforementioned laboratory. The functional relation be-

tween the quantities gand g, is:

acm
q=%{k- j 24

R

0

If the measuring instruments and the aforementioned charged particle are lo-
cated inside the gravitational field, at a radial distance R, then the electric charge

is evaluated as equal to g..

*The relation between the estimated time inside the gravitational field and the measured time with a
clock outside the gravitational field, and the discussion regarding this relationship is in [4], section 4,
Gravitational time dilation and redshift, Equation (21).
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4. The Quantum Interpretation of Gravitational Redshift

In order to study the phenomenon of gravitational redshift, we will study the
energy emission spectrum derived from a hydrogen atom under the influence of
a gravitational field, using the principles of quantum mechanics based on the
absolute reference system hypothesis.

We consider a hydrogen atom affected by the gravitational field of a spherical
and homogeneous celestial body of mass A4 and located at a constant radial dis-
tance R from the center of this spherical body. In order to study this phenome-
non according to the principles of hypothesis of the absolute reference system,
the energy of this atomic electron should be estimated using the clock of the par-
ticle under study, Ze. the clock of the electron of the hydrogen atom.

According to the relevant example in [2] (subsection 3.4, Hydrogen Atom,
Equation (3.29)), if we use the subscript o for frequencies, measured with the in-
struments of a laboratory which is outside the gravitational field, where the
phenomenon we are considering takes place, the average value of kinetic energy

at the energy level of quantum number n, is given by the equation:

£ =Ly (25)

kin,n = E n,

In the same example (in [2], subsection 3.4, Hydrogen Atom, Equations
(3.31), (3.33)), if we use the subscript o for mass and electric charge measured

with the instruments of the above laboratory, it appears that:

T moej 1 (26)
kin,n 2h2 nz
Therefore:
1 ‘1
—hnv P (27)

2 TR
But we need to understand the origin of the first member of the Equation (27).

The definition of particle frequency is given in [2] (subsection 2.1, Par-
N

=1,

where v, is the frequency that comes from the kinetic energy of the 7 bound

ticle-Frequency and Wavelength, Equation (2.3)) by the relation v, = >

photon. The kinetic energy of the particle is:
N

1 1
Ep =—my’u’ =—hy v, (28)
2 2 93

Therefore the kinetic energy in relation to the particle frequency is:

1, ., 1

E. =—myu =—hv 29
kin 2 oV 2 q, ( )
Therefore the average value of kinetic energy, when y =1, is given by the re-

lation:

— 1 5 1,—
E. =—mu =—hv 30
kin 2 0 2 q, ( )

where a:nvnu , as formulated in [2] (subsection 2.4, Particle Motion in
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Closed Orbits, Equation (2.23)), and finally a general equation is:
Ezlmnu_zzlhnvn (31)
2 2 ’

Suppose that the hydrogen atom moves slowly from a region outside the gra-
vitational field to the celestial spherical body, that is, it gradually enters the gra-
vitational field, and finally immobilizes at a radial distance R within the gravita-
tional field. Then according to the measurements of the laboratory instruments
located outside the gravitational field, the Equation (27) is modified according to

relation:

1 me* 1
—hnv, = — 32
2T on G2

According to the clock of the above laboratory, following the relevant wording
in [4] (section 4, Gravitational Time Dilation and Redshift, Equation (18)),

the frequency v, is given by the equation:

agm "
v, =V, (l— ] (33)

R

o

It is obvious that the first member of the Equation (32), is not equal to the av-
erage kinetic energy, according to the definition of kinetic energy given in the
previous section, hence the Equation (32) no longer gives us the average kinetic
energy. However, since the hydrogen atom is at a radial distance R inside the
gravitational field, using a clock located at the same radial distance, according to
the estimated time given by the relation (23), the estimated frequency, v, »is

calculated according to the equation:
acm "
v, =142 2

This estimated frequency is equal to the frequency v, , measured when the

effect occurs outside the gravitational field*. Therefore the mean value of kinetic

energy is given by the equation:

~1/4
1 me* 1 4GM
Ekin,n =5hnvng = 2h2 n—z(l— Rcz j (35)
From the relations (15) and (24) the following equality results:
acm "
me* = moe;1 (l— e ) (36)

therefore the average kinetic energy of the electron of the hydrogen atom at the

energy level nis:

4
mee, 1
kin,n = 2h2 n_2 (37)

*A similar description of this estimated frequency can be found in [4], section 4, Gravitational Time
Dilation and Redshift, Equation (23).
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The total energy of the electron is the sum of the time average value of kinetic
energy, time average value of Coulomb energy, and gravitational potential ener-

gy. The time average of Coulomb energy is denoted by E,

. Since the gravita-
lyn

tional dynamic energy is constant, given that the radial distance R is constant,
does not contribute to the energy difference of an energy transition of the elec-
tron, and, based on the virial theorem, Za+fyn: 0 ([11], paragraph 3-4,
THE VIRIAL THEOREM), it follows that the energy of the electron, which ac-
tually contributes to the energy of an emitted or absorbed photon, is given by the

relation:
4
mee, 1
E,=——22— (38)
20" n
that is, it is equal to the energy of the electron when the phenomenon takes place
outside the gravitational field.

We now assume an energy transition of the electron of the hydrogen atom,
from the initial energy level, E, , with quantum number 7, to the final energy
level, E, , with quantum number n,, so, for the emission of a photon the in-
equality n, >n, mustapply.

The energy difference is calculated according to the known relation:

4
AE=E, -, = —ﬂ[i—i] (39)
2n° \ny, n

The estimated, by the clock of the electron, energy of the emitted photon, as
stated in [4] (section 4, Gravitational Time Dilation and Redshift, Equation
(25)), is given by the relation:

&

ph

-1/4
AGM
) :hvo(l— — ] (40)

where hv, =m phocaz ,and v, is the frequency of the emitted photon within the
gravitational field, estimated by the clock of the electron. This frequency is equal
to the frequency which is measured by a clock outside the gravitational field,
when the emitted photon has come out of the gravitational field. Given that
Sphg =—AE , the relations (39) and (40) give us:

me' (11 acm "

o

If this phenomenon had taken place outside the gravitational field, then the
energy of the emitted photon, estimated by a clock outside the gravitational field,
would had been equal to:

4
me (1 1
| = :hvon—m (42)
21 [nf n’ J e
where v, is the frequency of the emitted photon, estimated by a clock out-

0, —ny

side the gravitational field. From the relations (41) and (42) it appears that the

photon whose emission takes place inside the gravitational field, when it has
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come out of the gravitational field, it has shifted toward the red in relation to the
photon emitted outside the gravitational field, according to the following rela-

tion:

1/4
VU = Vo,nlﬁnz (1 - 41€GC.A24J = Vo,nlﬁnz (1 - ig} (43)

o

5. Experimental Confirmation of the Hypothesis of the
Absolute Reference System

In this section we examine the known experimental tests of the general theory of
relativity, in order to determine whether the experimental results confirm the
hypothesis of the absolute reference system.

Everything in this section is a brief description of what is stated in [4], section

4, and section 5.

5.1. Gravitational Time Dilation

According to the hypothesis of the absolute reference system, the bound photons,
which are the building elements of the elementary particles of matter, will un-
dergo these changes in frequency and wavelength. If the closed orbit of a bound
photon has a length equal to nA, where n=1,2,--, then the time of a period is
T= n/1/ ¢, while, outside the gravitational field, the corresponding time is
T, =nA,/c, . Therefore:

~1/4
TznﬁzTu[l—‘tGiW] (44)
cA re

0 o

According to the hypothesis of the absolute reference system, the estimated
time is inversely proportional to the time of the aforementioned period ([1],
2.4.1. Contraction of Length and Time, p. 440-441). Assuming that 7, is the
estimated time recorded between two events occurring inside the gravitational
field using a clock at a fixed position r also inside the gravitational field, and ¢
is the corresponding estimated time using a clock outside the gravitational field,
then the correlation of these times is given by the equation:

1/4
t T
i:?" =S tg=t(1—4GMJ :t(l—GM] (45)

2 2
t rc re

o o

The corresponding result of the general theory of relativity is:

12
2GM GM
tg:t[l_ j :t[l_ j (46)

rc rc

o o

Therefore the estimated time, based on the hypothesis of the absolute refer-
ence system, with a very good approximation is the same as that of the general
theory of relativity. This estimated time value has been experimentally con-
firmed ([12] [13]).
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5.2. The Advance of the Perihelion of Mercury

Denoting the mass of the Sun by M and the mass of Mercury by m, according to
the Equation (15) and the relevant study in [4] (section 3, Mass and Velocity of
a Photon in the Gravitational Field, Equation (15)), we get the equation:

(47)

u
de? I rcj

X 5 =32
d’u GMm? ( 4GMJ
tu=—7-5"1-
Given that u =1/r, and (1 - 4GM/(rco2 ))_3/2 =1+ 6GM/(rc§ ) , the first order
approach is given by the differential equation:

2 2M2 2 Mi 2
dL;+ 1_6G2 zmo u:G m; (48)
do c L

We define the constants:

6G2M2 2
A
CO
GMm?
B= Lzma

The solution of the differential Equation (48) has the form:

u :l:§+Kcos(\/Z¢9) (49)

r

where K'is constant.

Two consecutive minimizations of the distance rare performed for J46=0
and for /46 =2n. For J46=0 the angle 6 is zero, while for J46 =2n
the angle € is given by the relation:

2 22
M
6=E:2n+6nG m,

\/2 ca2 I?

This result is the same as that of the general theory of relativity ([14], §101.

(50)

Motion in a centrally symmetric gravitational field) and is confirmed by ob-
servations already announced in the 19th century.
More details on this topic are given in [4], subsection 5.1, The Advance of the

Perihelion of Mercury.

5.3. The Deflection of Light in the Gravitational Field of the Sun

When a photon enters the gravitational field of the sun, its energy changes from
the value mphacf to the value m ,c*, when it leaves the gravitational field, it
takes again the value m phocf . Also the motion of said photon at a great distance
from the sun, where it can be considered to be outside the gravitational field,
tends to be asymptotically a straight line, while inside the gravitational field it is
curvilinear, due to the effect of the gravitational force of the Sun. Since the force
is central, the trajectory equation has the geometric shape of the hyperbola, so,

in polar coordinates r, @ , obeys the equation:
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_ ! +— % cosd (51)

r a(ez—l) a(52 —1)

where ¢ is the eccentricity, which is greater than unit, and a is the distance

from the center Cto the vertex V called the semi-major axis (Figure 2).
Holding only the first order terms, the approximate solution of the following

differential equation:

= 52
de’? ! r re’ (52)

du GMm?, [1_ 4GM ]3/ ’

as stated in [4] (subsection 5.2, The Deflection of Light in the Gravitational
Field of the Sun, Equation (43)), is given by the equation:

1 B
u:_:—’+K’cos(\/79) (53)
r A
where A',B' are the constants given by the equations:
, 6G2M2mf,ho
o
,_ GMmy,
=—F

The deflection angle is given by the equation:
0=— (54)

We get the result:

Figure 2. The continuous curved line is the elliptical
orbit of the photon within a gravitational field. The
hyperbolic orbit asymptotically approaches the dashed
lines which are the directions of motion of the photon at
a great distance from the spherical body of mass A The
angle Jis the angle of deflection of the photon.
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The corresponding value derived from the general theory of relativity is:

4GM
= GZ =1"75
R.c

£70

60 R

The result of calculating the deviation angle based on the hypothesis of the
absolute reference system, which is 2 "13, is closer to the experimental value than
the result of the general theory of relativity. This experimental value was ob-
tained from measurements at the Sobral in 1919 ([15], V. General Conclusions.
p- 330), which were:

From declinations 194

From right ascensions 2 06

More details on this topic can be found in [4], subsection 5.2, The Deflection
of Light in the Gravitational Field of the Sun.

5.4. The Time Delay of Light

We will now study the test proposed by Irwin I. Shapiro in order to measure a
time delay (Shapiro delay) in the round-trip travel time for radar signals reflect-
ing off other planets ([16]), sometimes called the fourth “classical test” of general
relativity.

We consider that an electromagnetic signal is emitted from Earth, reflected on
a planet (or spacecraft) and returned to Earth, but under the influence of the
Sun’s gravitational field during its motion towards the planet and during its re-
turn to the Earth. We will calculate the time delay due to the effect of the solar
gravitational field on an elementary photonic signal, 7e. a photon. The path of
the examined photon is the path CBABC, of the axis x shown in Figure 3. Of
course the deflection angle, which was calculated in the previous section, is very
small, so the above-mentioned orbit is considered straight. Here we have ig-
nored the motion of the Earth and planets during the round trip of the signal,
because the corresponding velocities, estimated in the reference frame of the so-
lar system, are much slower than the speed of light in vacuum.

The total time of the round trip path is calculated according to relation:

At = 2(x8+xp)+4GM ln{(re”e)(rfrxﬁ)}

S PE (55)

C [

o o

This result agrees with the corresponding result of the general theory of rela-
tivity ([17], 7.2 The Time Delay of Light, Equation (7.31)).

More details on this topic can be found in [4], subsection 5.3, The Time De-
lay of Light.

Sun

Figure 3. Geometry of light deflection measurements.
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5.5. The Gravitational Redshift

We will first study the redshift due to the Earth’s gravitational field for example,
which is observed if two measurements of the estimated energy of a photon are
taken at two different radial distances 7 and 7, that differ only slightly, and
1, <r,. Also we consider that 7 is equal to the distance of the earth ground of
the experiment from the center of the Earth. The ratio of the two estimated

energies is calculated as follows:

2[ _4GMJ v
) " ) ownn
Epn, (1) 2[1 4GMJI/4 ¢ hh

re U ne

If h=r, —r, is the height, R is the radius of the Earth, g=GM/R*, and

17, = R, then the previous relation becomes:

gphg (r2)~ _g_h
&

) 7

This result agrees with the corresponding prediction of the general theory of
relativity and has been experimentally confirmed ([18]).

More details on this topic can be found in [4], subsection 5.4, The Gravita-
tional Redshift.

6. Conclusion

The physics of an absolute reference system is a comprehensive and self-contained
view of physical reality, extending to all areas of the physical sciences, and con-
firmed by a wide range of scientific observations and experiments, including
all experiments performed from time to time in order to confirm the special
and general theory of relativity. In this article, the quantum gravitational phe-
nomena are studied, and it is proved that the gravitational redshift is fully in-
terpreted based on the principles of the absolute reference system hypothesis.
Also, the calculations are confirmed by the experimental results, and it is also
found that the prediction for the experiment on the deflection of light in the
gravitational field of the Sun on the basis of the hypothesis of the absolute ref-
erence system, is in better agreement with the experimental data compared to
the corresponding prediction of the general theory of relativity. It is therefore
necessary to carry out an experiment in order to take high-precision measure-
ments of light deflection, in the special case of the effect of the gravitational field
of the Sun.
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