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Abstract

The study of the effect of the gravitational field on the photons, based on the
hypothesis of the absolute reference system, demonstrates the origin of the
gravitational force. By studying the propagation of a photon in the gravita-
tional field the change in the estimation of time is determined, resulting from
the use of a clock that is affected by the gravitational field. It is proved that in
all known experiments, which were carried out in order to confirm the gener-
al theory of relativity, the results based on the hypothesis of an absolute ref-
erence system agree with the corresponding results of the general theory of
relativity, except for the result of the deflection of light in the gravitational
field of the sun, where the experimental results confirm the hypothesis of the
absolute reference system.
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1. Introduction

The motivation for the study presented in this article is to examine the agree-
ment of the hypothesis of the absolute reference system with the already ob-
tained experimental results that have emerged from the relevant tests of the gen-
eral theory of relativity. In order to carry out this examination, we first study the
effect of the gravitational field on a photon, and then we study the correspond-
ing effect of the gravitational field on material bodies, since, based on the hypo-
thesis of the absolute reference system, the elementary particles of matter are
composed of bound photons. This study contributes to the formulation of a gra-

vitational theory that fully meets the requirements expressed by all the concerns
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raised in matters related to the examined effects of the gravitational field.

Using the principles of the hypothesis of an absolute reference system, we first
consider the origin of the attracting force of a gravitational field coming from a
spherical homogeneous body of mass M. By this study emerge the characteristics
of the effect of the gravitational field on the photons that propagate in the space
around this body. A photon, which is affected by this gravitational field, behaves
as a particle with mass m= hv/ c®, that is, an attracting gravitational force is
exerted on it, which is analogous to that acting on all bodies, and in addition, the
velocity, the mass, and also all physical quantities involved in determining the
state of the photon are functions of the radial distance of the photon from the
center of the spherical body.

Due to the microstructure of the elementary particles of matter, 7e the bound
photons that are the building elements of the particles, according to the hypo-
thesis of the absolute reference system, the aforementioned changes in the state
of a photon cause the change in the estimation of time, resulting from the use of
a clock which is affected by the gravitational field. Based on this change in the
estimation of time, all the values of the physical quantities that characterize the
photonic state are redefined.

Using all these theoretical results, which are taken by the formulation of the
physics of an absolute reference system in [1] [2] [3], we study in the last section
the experimental tests of the general theory of relativity in order to test experi-
mentally the hypothesis of an absolute reference system.

The history of the tests of the general theory of relativity begins with the three
corresponding propositions of Albert Einstein in 1915, and these tests concerned
the precession of the perihelion of Mercury, the deflection of light in gravita-
tional fields, and the gravitational redshift. The advance of the perihelion of Mer-
cury was already known in the nineteenth century. Experiments showing light
bending were performed in 1919. Measurements of the gravitational redshift
have taken in 1925, although measurements that actually confirm the theory
were not made until 1954. A more accurate program starting in 1959 tested gen-
eral relativity in the weak gravitational field limit, severely limiting possible dev-
iations from the theory. In the 1970s, was made additional tests, with measure-
ment of the relativistic time delay in radar signal travel time near the sun, by Ir-
win Shapiro. In 1974, Hulse, Taylor and others studied the behaviour of binary
pulsars. Both in the weak field limit and with the stronger fields present in sys-
tems of binary pulsars the predictions of general relativity have been extremely

well tested.

2. The Origin of Attractive Force in a Gravitational Field

Considering that the elementary electromagnetic oscillation of a photon is the
oscillation of the ether, as a means of propagating electromagnetic wave, it fol-
lows that the radial propagation of photons, which are force carriers of the gra-

vitational field of a spherical body of mass A, makes the ether surrounding the
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body a medium which is in a constant state of oscillation.

Therefore, if a photon comes from a space away from the body of mass A4 so
that it can practically be thought to come from a space outside the gravitational
field, and propagates in the gravitational field, then this photon will be affected
by the pre-existing oscillation of the propagation medium, Ze. will be affected by
the oscillation of the ether.

In the next two sections the clock which is used to measure speed, momentum,
force and energy inside and outside the gravitational field is currently a clock which
is outside the gravitational field. We also consider that outside the gravitational
field is a body or a measuring instrument when it is very far from the body to
which the gravitational field is due.

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

Based on the intrinsic properties of the ether, a portion of the oscillation of the
aforementioned photon, equivalent to an amount of energy, E, is subtracted
from the original photon energy it had when it was outside the gravitational field.
This amount of energy, E, is added locally to the gravitational field energy.
Under these conditions the photonic energy decreases in the gravitational field
and therefore the photonic mass and the photonic speed will be functions of the
radial distance as we will see below. Due to this change we will then denote by
Mg, » C, and v, the mass, velocity and frequency of the photon outside the
gravitational field, while inside the gravitational field these quantities will be
denoted by m,, cand v respectively for the same photon. Since the sum of
the total photon energy, M c’, inside the gravitational field and the energy
Eon
field, the relation of the photonic energies outside and inside the gravitational
field is:

p
gives the total photon energy that the photon had outside the gravitational

2 2
My Co = Epy +MpC (1)

We will then examine the force exerted on the aforementioned photon in the
gravitational field due to the existence of a spherical homogeneous celestial body.
The mass of the spherical body is denoted by M. The energy E depends on
the local density of the oscillating force carriers of the gravitational field, which
are photons as we mentioned before, so it depends on the radial distance r from

the center of the spherical body. Therefore the quantities m , cand v will be
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functions of the radial distance r. The dependence of the energy E, on the
radial distance r is the cause of the existence of the gravitational force, which is
exerted on the aforementioned photon. The work of this force along a vector
differential displacement dr is F-dr = dE,, . This means that at a given radial
distance there will be a gradient of the photonic energy, which causes a force
dependent on this position. In polar coordinates 7, @, with unit vectors U, U,,
the vector differential displacement is dr =dr(, +rdéd,, so for F=f(r)d

gives us F-dr = f (r)dr. Therefore the function of the force f(r), which is
the gradient of the photonic energy we talked about before, will be given by the

relation:
f(r)=—2 (2)

If at radial distance rthe energy E isexpressedas E (r), while at radial
distance I+dr is expressed as E (r+dr), then for dr>0, based on what
we said before for the dependence of the energy E, on the distance r it fol-
lows that E, (r+dr)<E, (r), ie. dE, <0, while for dr<O0 it follows that
dE,, > 0. Therefore the values of the function of the force, f (r), are negative.

Also the relation (1) give us the differential equation dE +d(mph02):0,
and therefore, according to the expression (2) of the gradient of the photonic

energy, we take the equation:
f(r)dr+d(mgc*)=0 (3)

As already shown in [1] (Subsection 2.4. Electromagnetic Field and Photons,
Equation (2.33)) the density of the force carriers emitted at a constant rate, in
this case from the spherical body, is inversely proportional to the square of the
radial distance, and is also proportional to the force exerted by the gravitational
field. Therefore the function f(r), which expresses the gravitational force due
to the gravitational field of a spherical homogeneous body, will be proportional
to the quantity 1/ r? and will also be proportional to the masses A/ and My -

So, since the values of f(r) are negative, the force vector will obey the relation:

M
F=1(r)d, =-G n:”“ a, (4)
r

which is the well-known Newtonian gravitational force, and G is the known
universal gravitational constant. According to the hypothesis of the absolute ref-
erence system, all the elementary particles of matter are composed of bound
photons ([1], Subsection 2.4.1. Contraction of Length and Time). Therefore, in
the gravitational field, this force is exerted on all bound photons which are the
building elements of the body. It follows that if the distance between the centers
of two spherical homogeneous bodies, with masses M and m, is equal to r, the

gravitational force is given by the known relation:

F-—G @0, 5)
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3. Mass and Velocity of a Photon in the Gravitational Field

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 Pon, = Mgn, Co ([1] section 4. Introduction to Particle Mechanics). The
corresponding relation for a photon propagating in a gravitational field and re-
sulting from the use of the aforementioned clock, in vector form, is:

pph :mphc (6)

where m, c are functions dependent on the radius . 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, for a vector diffe-
rential displacement dr, given that ¢ =dr/dt, the differential F-dr is cal-

culated as follows:

=———2>.dr (7)
=dmgc-c+m,c-dc

2
=dm,c” +m,cdc

According to the relations (4) and (7), given that dr =drd, +rdéi,, we get

the relation:

—GMZdr _ 9y, ¢’ +cdc (8)
r ph
According to the relation (4) the function of the gravitational force exerted on
the aforementioned photon is given by the relation f (I’) =-GMm, / r:.
Therefore, using the relation (3), we get the following equality:

d(m_c?) dm
GMZdr =M =—"¢? +2cde (9)
r My, My,
After the subtraction of Equations (8) and (9), the integration for radial dis-

tance from rto o give us:

» 00X

2
Co 2 _
 av? =4Gm, [ i

12
46_Mj (10)

& c=c | 1-
{ rc?

which means that the velocity of the photon decreases as it enters the gravita-
tional field. By doubling the two members of the relation (8) and subtracting
them from the two members of the relation (9) we get the equality:

dm,,  _GM

=-3——dr
m c’r?

ph

so substituting the quantity c?, according to the relation (10), the integration

give us:
d 3GMd acm )
m © — X
J-mphu - :J —2 P mph = mpho l— 2 (11)
Mph M r X(XC0 —4GM) re,
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that is, in contrast to what happens with the speed of a photon, its mass increases
as it enters the gravitational field. Also 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 corres-
ponding 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 ris the radial distance, the mass function m is given by the

relation:

acm )
] (12)

rc?

0

m:mo[l—

The dependence of mass on radial distance changes the equation of motion of
a body, or a photon, that moves under the influence of the gravitational field. As
it turns out easily, the orbital angular momentum remains constant during the
movement, since the gravitational force is central. The equation of motion, for a
velocity vmuch less than the speed of light in vacuum, is given by the relation:

F =mv+mv (13)

where m=dm/dt and v =dv/dt. Since in polar coordinates the velocity and
acceleration are given by the relations v =i, +ré0, and
V= (i" —ré? )Gr + (2?9 + ré)ﬁ(, respectively, the equation of motion under the
influence of the central gravitational force, according to Equation (5), is given by
the relation:

Mm

~G— = Mf +mi' —mr6? (14)
r

In order to determine the differential equation of the trajectory and the cor-

responding solution, which is the radial distance as a function of the polar angle

5 i , where L is the
deo

6 we will replace the operator % with its equivalent
mr

constant angular momentum ([4], 3-5 The Differential Equation for the Orbit,
and Integrable Power-Law Potentials, Equation (3-32)) and in addition we will
change the variable r with the variable u according to the relation u=1/r.
Making these substitutions, the differential Equation (14) becomes:

d’u GMm’®

aw T (12

Equation (15) is similar to the corresponding equation of classical mechanics
([4], 3-7 The Kepler Problem: Inverse Square Law of Force, Equation (3-50)),
but there is a substantial difference. The mass m of Equation (15) is a function of
radial distance, while the mass of classical mechanics is constant.

For a photon propagating in the gravitational field, according to the hypothe-
sis of the absolute reference system, the procedure for determining the orbital

equation will be the same as the previous one. Therefore, it will obey the rela-

tion:
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dzu GMmeh
do? L2 (16)

4. Gravitational Time Dilation and Redshift

In the previous two sections, all values of velocity, momentum, force and energy,
for phenomena occurring within the gravitational field, are obtained using a
clock outside the gravitational field. What we will examine in this section is the
estimation of time with a clock inside the gravitational field, and the effect that
this redefinition of estimated time has on the estimation of all the aforemen-
tioned physical quantities.

For the time being, however, let us continue to estimate time using the clock
that is outside the gravitational field. We have already calculated the changes in
mass and velocity of a photon resulting from its entry into a gravitational field.
The corresponding change in frequency is determined by the relation mph02 =hv.

From the relations (10) and (11) the following relation emerges:

AGM J“

. (17)
Ic

2 2
m,,c” =hv =mg, c; [1—
0
If we consider v, the frequency of a photon outside the gravitational field,
since mphocf =hv,, the correlation between v and v, which is the change in

frequency when a photon enters a gravitational field, is given by the relation:

acm
v:vo(l— 7 J (18)

0

There is yet another change that the elementary photonic wave undergoes,
that is, the photon, and that is the change in wavelength. To determine this change
we will use the equation ¢ =vA . According to Equations (10) and (18), we get :

am )
z:%:zo[l— = J (19)

0

where A,

the bound photons, which are the building elements of the elementary particles

=, /V, . According to the hypothesis of the absolute reference system,

of matter, will undergo these changes in frequency and wavelength. If the closed
orbit of a bound photon has a length equal to ni, where N=12,:--, then the
time of a period is T =nA/c, while, outside the gravitational field, the corres-

ponding time is T, =nA,/c, . Therefore:

~1/4
c A 4GM
T=T 2-=T|1- 20

°cA °[ rc? ] (20)

0 0

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, pp. 440-441). Assuming that ¢, is the es-
timated time recorded between two events occurring inside the gravitational

field using a clock at a fixed position r also inside the gravitational field, and ¢
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is the corresponding estimated time using a clock outside the gravitational field,

then the correlation of these times is given by the equation:

ya
t, T
2=2 o t, =t 1—4GEA ~t 1—G'\f 1)
t T re rc,
The corresponding result of the general theory of relativity is:
26M ) GM
tg:t[l_ ] :t[l— ] @)
rc’ rc:

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 confirmed
([5] [6]). Also this change in the estimation of time in the gravitational field af-
fects all estimated values of speed, momentum, force, energy and frequency. It
certainly does not affect the mass and wavelength, which are basic (fundamental)
quantities.

Suppose that using a clock within the gravitational field, the estimated oscilla-
tion period of a photon is Tphg , while the estimated oscillation period of the
same photon using a clock outside the gravitational field is T, then, according

to the relation (21), we get the equation:

rc?

(o]

acm Y
T, =T (1— ]

therefore, since v =ZI/Tph , and assuming that v, is the estimated frequency

9
of an oscillator within the gravitational field, according to the relation (18) the

following equality arises:

Ic

0

1 aem )

Ve = =v[1— 5 j =v, (23)
phg

where v, is the frequency of the photon when it is outside the gravitational

field. Therefore the estimated frequency appears to be constant and equal to the

frequency v, asthe photon enters or leaves the gravitational field.

The estimated velocity c, =dl/dt, of the photon, since

dt, :dt(1—4GM/(rc§))“, c=dl/dt, and dl =|dr|=+dr’+r’d6” , is given by

the relation:
acm )
C, =C 1-—

rc,
Y2 Y4
4GM 4GM
- 12| o0 )
Y4
e, [1_ 4GM J
rc,

so, according to the relations (11) and (24), the estimated energy of the photon is
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given by the relation:

,]/4
4GM J (25)

_ 2 _ 2 _
5‘phg, = MpnCy = M, G 1 2
rc,

Therefore, in a first order approach, the estimated energy of the photon be-

comes:
, GMm,
Epny = My C +7 (26)
and since mphocf =hv, =hv,, the following relation arises:
GMm,,
En, vy +—— (27)

r

The conclusion we draw on the basis of the relation (27), is that the estimated
value of the photonic frequency is not enough to estimate the photon energy,
since the term  GMm,, / r, which is the absolute value of the dynamic energy, is
added. This also means that the term GMm, / r is always added to the
amount of energy hv, when estimating the photonic energy of any photon
that is emitted or propagated in the gravitational field.

Let us consider the example of a hydrogen atom located at a position r
within the gravitational field. This atom is considered as a physical system,
where the electron moves under the influence of the electric field of the nucleus.
According to the hypothesis of an absolute reference system, the mass of an

electron outside the gravitational field is given by the equation:
N
m, = > m,
i=1

where m, is the mass of the 7 bound photon and NV is the number of bound
photons. Therefore based on the relation hv, = mphicz, where v, is the mass

frequency of the /bound photon, we get the equation:
m,C; =hY v, (28)

which is equivalent to Equation (2.1) in [2] (2.1. Particle-Frequency and Wa-
velength, p. 752). Within the gravitational field an amount of energy equal to
GMmphi / r isadded to each term hvci of the sum of Equation (28). Therefore, a
constant amount of energy is added to electron energy (at a fixed position I ),
given by the equation:
GM _ GMm,
=t

(29)

However, this constant amount of energy can not affect the energy values that
have come from transitions of the aforementioned atom in our example. This means
that the differences between the energy stations of the hydrogen atom within the
gravitational field will be equal to the corresponding differences of the same
atom outside the gravitational field. But there is a difference. The photons that
have resulted from these transitions inside the gravitational field will have a lower
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frequency than the corresponding ones outside the gravitational field, 7e they
will have shifted to red, due to the existence of the term GMm,;, / I in the rela-

tion (27). Because the estimated photonic energy, & ;o at the position r re-

ph
sulting from an energy transition is equal to the corresponding photon energy
outside the gravitational field, this redshift is not perceived. However, this red-
shift is perceived when a photon, which has come from the aforementioned energy
transition inside the gravitational field at position r, moves radially towards
the exit from the gravitational field, since the estimated energy hv, +GMm,, / r
decreases as the radial distance rincreases, and the estimated frequency v, al-
ready shifted to red, remains constant.

The calculation of the estimated energy as a function of wavelength, according
to the relations (19) and (25), given that mphocf =hv, =hc, /4, , gives us the re-
lation:

c

& 2o
A

—h (30)

phgy

while for a photon outside the gravitational field (for r — oo ), the estimated
energy is &, =hc, /%, - The change in the estimated energy of a photon enter-
ing the gravitational field is given by the relation:

1 1
AE, =&, &, =hc [———J (31)
png phg pho 0 Y ﬂ’o
while the relative change in the estimated energy, which gives us a quantitative
estimate of the shift to red, is given by the equation:
Aln, A=A _AL
& A A

(32)
pho

If we define the estimated gravitational redshift as Vgzg =C,A1/A, then this

estimate is expressed by the following relation:

—1/a
Vers =co%=cO {[1— 4G'Z/Ij —l}:% (33)

rc Ic

(o] 0

The corresponding estimate according to the general theory of relativity is

given by the relation:

-1/2
AL 2GM GM
Vgrs =C,— =G, | | 1— 1|~ — (34)
GRS A [[ rc? J } rc,

(o]

5. Using the Experimental Tests of the General Theory of
Relativity to Experimentally Test the Hypothesis of an
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.

In order to achieve this we use the theoretical study that has already been de-
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veloped in the previous three sections.

5.1. The Advance of the Perihelion of Mercury

Denoting the mass of the Sun by M and the mass of Mercury by m, according to
Equations (12) and (15), we get the equation:

du oMm? (. acm )
_SMm, 1y (35)

- +u=
do? L2 rc?

0

Given that u=1/r, and (1— 4GM/( rc? ))73/2 ~1+ GGM/( rc? ) , the first order
approach is given by the differential equation:

du 6G*M°m? GMm?
7 1_ 22 ° u= 2 ° (36)
do c L L
We define the constants:
2 2,.~2
c L
B GMm?
L2

The solution of the differential Equation (36) has the form:
u :E=E+Kcos(x/x€) (37)
r A

where K is constant. Because the orbit of Mercury around the Sun is elliptical it
will obey the relation:
1 1 £
v nt 2
r a(l—g ) a(l—e )

cosd (38)

where a is the length of the semi-major axis of the elliptical orbit and & is the
eccentricity. As is well known the eccentricity of the elliptical orbit is less than
unit. Comparing Equations (37) and (38), if we consider:
, 6G’M’m}

&
czL?

(39)
then A=1-¢* and B=1/a. The minimum possible distance, R_, of Mer-
cury from the sun occurs when the 1/r becomes maximum, and this happens
when the cos® in Equation (38) becomes equal to unit, in which case the fol-

lowing equation is obtained:

SN (40)
R, a(l-¢)
whereas respectively when CO0S (\/Z@) =1, by Equation (37) we get:
_1 B
R A

T

Indeed this value of Kagrees with the factor which is multiplied by cos® in
Equation (38), since:
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1 B 1 1 €

« =R_,,_K= 8(1—8)_61(1—52) B a(l—ez)

Two consecutive minimizations of the distance r are performed for JAG=0
and for AO=2n. For VAG=0 the angle @ is zero, while for JAO =2
the angle & is given by the relation:

2 2.2
p_2m _,  6nG*M’m;

JA c2L?

This result is the same as that of the general theory of relativity ([7], § 101.

(41)

Motion in a centrally symmetric gravitational field) and is confirmed by ob-
servations already announced in the 19th century.

The contributions to the motion of the perihelia of Mercury and the earth are
described in [8] (see [8], TABLE II). A table, similar to the table by Clemence
(1947), with significant improvements in accuracy and including additional ef-
fects is in [9] (see [9], TABLE III).

A similar description, based on the concept of “ether disturbance” due to the
gravitational field and giving similar results, has been announced by Antonis N.
Agathangelidis, in [10]. However, this description is different from this of the

hypothesis of the absolute reference system.

5.2. 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 mphocf to the value mphCZ, when it leaves the gravitational field, it
takes again the value mphocj . 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 according to the
relation (4). Since the force is central, the trajectory equation has the geometric

shape of the hyperbola, so, in polar coordinates r;, @ , obeys the equation:

L1 % cso (42)

r a(g2 —1) a(g2 —1)

where & is the eccentricity, which is greater than unit, and a is the distance from
the center C'to the vertex V called the semi-major axis (Figure 1).

The solution of the differential Equation (16) is given by the equation:

u=%=%+ K’cos(«/ﬁ@) (43)

!

where A',B' are the constants given by the equations:
6G°M*m?,
AN=l-— "o
coL?
0
_ GMmg,
-

’
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Figure 1. The continuous curved line is the elliptical orbit of the photon within a gravita-
tional 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
M. The angle Jis the angle of deflection of the photon.

Comparing Equations (42) and (43), we observe that by setting:
2 cL*

P L (44)
6G*M’m7,

then ¢ >1, and we take the equation:
& -1

2
&

A=

and in order to be B'/A’'= ]/ (a(sz —1)) the following equality must be valid:

B =~
ag?

The minimum distance, R_, is calculated using the relation (42), for cos® =1

where ® =0, so we get the equation:
R, =a(e-1)

The value of R, is equal to the length OV of Figure 1. The corresponding
value of R_ is given by Equation (43) for COS(x/E 49) =1, so we get the equa-

tion:

i:E+ K’
R A

Substituting the A’, B’ and R,_, the value of K’ is given by the equa-
tion:
K'ZL_EZL
R, A a(g2 —1)

which is the factor that is multiplied by cos® in Equation (42). Therefore
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® = /A6 . The maximum angle, ®,., » is obtained when r becomes infinite, so
that the direction of OP becomes parallel to the dashed asymptotic line (Figure
1). In this case Equation (42) gives:

® .. =limcos® =— 1

= (45)
r—ow &
Therefore the deflection angle &, according to Figure 1, is given by the equa-
tion:
0=20 . —-m (46)

SO:

cosd, . =cos E+é =-sin g (47)
2 2 2

Since, as we will see below, the angle § is very small, with the help of the re-

lation (45) we can consider that:

: (5 o 2
=sin| = |¥-— & o~—
2 2 &
The corresponding angle &' that can be derived from the angle @ accord-
ing to the relation 6, =®,. /A", where 6, = (n+06")/2 and
Q. =(n+5) / 2, is given by the following relation:
o' —iwg(l_ijﬂz N£+ifv£
JA U gt e & ¢
which means that the angle 0', with a very good approximation, does not differ
from the angle §. We can determine the value of ¢ from Equation (44), hav-
ing previously determined the value of the constant angular momentum. The
angular momentum can be calculated at the position of the minimum distance,
R, , ie when the photon passes through the position V of Figure 1, so it is given

by the relation:

acm ) acm )
L:chVRg:mpho(l——j 00[1_—J R,

R c? R c?
GM
:mphDCO[RE+ > J

&0 &0
CO

(48)

where m, and c,, is the photon mass and velocity when the photon passes
through the position of the minimum distance R, .If weset R, =R, +GM / ¢z,

the deflection angle is given by the equation:

_ 2 2J6GM

5 1 A2
£ RC;

(49)
If we choose the distance R, to be equal to the radius of the Sun, and the
mass M equal to the mass of the Sun, then GI\/I/Cg =1.47 km, so we get the re-

sult :

o0~2"13
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The corresponding value derived from the general theory of relativity is:
R = A'G—'\f ~1".75
+Co

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 ([11], V. General Conclusions.
p- 330), which were:

From declinations 1".94;

From right ascensions 2".06.

The result from declinations is about twice the weight of that from right as-
censions, so that the mean result is 1".98.

As stated in the article [11], “it was recognized that these would prove to be
much the most trustworthy”, in contrast to the measurement in Principe, for which
the same article states that “The Principe observations were generally interfered
with by cloud...”. The experimental results are presented in Table 1. More de-
tails are mentioned in a relevant lecture, about gravitational lensing, in [12].

Bergmann’s book ([13], The deflection of light in a Schwarzschild field p.
221) states that “The predicted deflection amounts to no more than about 1.75"
and is just outside the limits of experimental error. A quantitative agreement be-

tween the predicted and the observed effects cannot be regarded as significant”.

Table 1. General conclusions.

Obtained with: Results: Remarks:

In summarizing the results of the two
expeditions, the greatest weight must be
attached to those obtained with the 4-inch

L. N lens at Sobral. From the superiority of the
From declinations 1".94

From right ascensions 2".06

th It is 1".98
The 4-inch € mean resuit s would prove to be much the most

probable error of about +0".12
(The result from declinations trustworthy. Further, the agreement of the
ul
results derived independently from the right

is about twice the weight i T
R K ascensions and declinations, and the
of that from right ascensions)

images and the larger scale of the
photographs it was recognized that these

lens at Sobral

accordance of the residuals of the individual
stars ([11], p. 308) provides a more
satisfactory check on the results than was
possible for the other instruments.

The Principe observations were generally

The deflection obtained interfered with by cloud. The unfavorable

Principe was 1".61 .
i circumstances were perhaps partly
observations  probable error of
" compensated by the advantage of the
about +0".30 . X
extremely uniform temperature of the island.
The deflection obtained
The Sobral was 0793 For the reasons already described
astrographic  discordant by an amount at length not much weight is attached to
plates much beyond the limits this determination.

of its accidental error
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5.3. 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 ([14]), 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, Ze. a photon. The path of
the examined photon is the path CBABC, of the axis x shown in Figure 2. 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.

During the path CB, ie. after the signal leaves the Earth, when the photon is in
a random position P (Figure 2), as distance x we consider the length of the seg-
ment BP, and ris the distance of point P from the center of the Sun. The length
of dis the minimum possible distance of the photon from the center of the Sun
during its round trip path. As the photon moves from the position C to the posi-
tion B, that is, immediately after its departure from Earth, the distance x de-
creases, so the speed of the photon, ¢, which depends on the radial distance r,
will be ¢ =—dx/dt. Therefore, according to the relation (10), the time differen-
tial is given by the relation:

-12
s ) o
c c rc:
A first order approximation of time differential is given by the equation:
dt:—d—X:—i 1+ 2G';A dx (51)
c rc;

Because X=+/r>—d? the differential dX is given by the relation
dx=rdr/ Vr?—d?, and r, is the distance of the Earth from the Sun, the

integral from position C to position B gives us:

Aty = _J-di 1+ 2GI2/I rdr _% ZG?!\/I in[ et % (52)
" C, ree JJri—d? ¢ ¢ d

Sun

Figure 2. Geometry of light deflection measurements.
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where X, =+ l‘e2 —d?, ie the distance X, is the distance CB of Figure 2. As the
photon moves from position B to position A, the distance x increases, so the

travel time interval BA is given by the relation:

Kl 2GM rdr X, 2GM | [Ty +X
Atga = | "= 1+ =L+ In| =—2 53
on =], co[ rc2 J,/rZ_dZ ¢, ¢ ( d (53)
The time of travel from Earth to the planet is given by the relation:
Xe + X r+X)(r, +X
Atg, = Ateg +Atg, =——P 4 ZG3M In(( 31(2 b +%) (54)
(0] CO

Therefore the total time of the round trip path is calculated according to the

relation:

At = (55)

C, c d?

2(xe +Xp)+4GM In{(re +xe)(rp +xp)J

This result agrees with the corresponding result of the general theory of rela-
tivity ([15], 7.2 The Time Delay of Light, Equation (7.31)). Specifically the time
period At, according to the general theory of relativity, is given by the relation:

At 2(xeC+ X")+2(1+;/)G|:/| In[(re +Xe3j(2rp + xp)J (56)

where y =1. According to Newtonian physics, this time interval is calculated
according to the relation Aty = 2(Xe +X, ) / C, . The additional “time delay”
produced by the second term in Equation (55) is a maximum when the planet is
on the far side of the Sun from the Earth (superior conjunction), Ze., when

X, 1, X,~r,, d~solarradius

then, the additional time delay of light, due exclusively to the effect of the gravi-
tational field of the Sun, is given by the equation:

4rr
at, = 2M In{ : pJ (57)

¢ d?

0

If we denote by R, the radius of the Sun, then Equation (57) give us:

(e
R

Since the distance from Earth to the Sun is equal to the astronomical unit, that
is r.= AU, and the Solar radius is equal to 0.005 AU, it follows that
2In (Zre/Rs) ~12 . Also, because 2GM/C§ ~ 3km, it follows that
4GM / Cg' =~ 20 us . Therefore the relation (58) becomes:

2
Aty =240 pus—In [[ij (ﬂﬂx 20 us (59)
R, M
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which is the relativistic prediction ([15], 7.2 The Time Delay of Light, Equation
(7.33)). Many relative measurements to confirm the relativistic equality y =1
have been made since the early 1970s for more than three decades ([16] [17]
(18]).

As stated in Will’s book ([15], 7.2 The Time Delay of Light, p. 174) “Since one
does not have access to a “Newtonian” signal against which to compare the
round trip travel time of the observed signal, it is necessary to do a differential
measurement of the variations in round trip travel times as the target passes
through superior conjunction, and to look for the logarithmic behavior”. An
important relevant experiment was reported in 2003, in [19], from Doppler

tracking of the Cassini spacecraft while it was on its way to Saturn, with a result

y-1=(2.1+2.3)x10°.

5.4. 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 r; and r, that differ only slightly, and
I, <r,. Also we consider that r; 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, determined by the relation (25), is calculated as follows:
-1/4
4GM
m,, c2|1-——-
Eon, (rz): Pho r,C? N(l_GM rl—rZ]

€, (1) o, aom) U onn
m 1-
Pho “o r,c?
1

(60)

0
(o]

If h=r,—r is the height, R is the radius of the Earth, and g =GM / R?
then the previous relation becomes:
gphg (r.) gh
—~1-= (61)
gphg (rl) G
This result agrees with the corresponding prediction of the general theory of
relativity and has been experimentally confirmed ([20]).

The gravitational redshift in the solar photosphere obeys the relation:

A
Vgrss = Co — 62
GRS,® 0 /15 ( )
where AA =1, -4, and A is the wavelength in the solar photosphere. If
R@

becomes:

is the radius of the sun, then, according to Equation (33), the relation (62)

GM

Vers,o = ——— (63)
GRS,® co Ru

This result is also predicted by the general theory of relativity. The same effect

from the solar photosphere to 1 AUamounts to:
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c, |R

0

Vers o1au = G—M[i—ij =633.35m s (64)
., AU

A related experiment confirming this result (in [21]) was conducted recently,
in 2020, and a team of scientists published the most accurate measurement of
the solar gravitational redshift so far, made by analyzing Fe spectral lines in sun-
light reflected by the moon. Their measurement of a mean global 638 + 6 m/s li-
neshift is in agreement with the theoretical value of 633.1 m/s.

A lot of terrestrial and astronomical observations confirm these results. Also
the theoretical study of the redshift due to the gravitational field based on the
hypothesis of the absolute reference system provides solutions to relevant diver-
gent views that appear in the literature, for example regarding the problem “Is

there a physical process causing the redshift?” in [22].

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. It is found that some of these experiments do not
confirm the theory of relativity, but nevertheless confirm the hypothesis of the
absolute reference system. In this article, 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 reference system, is in better agreement with the ex-
perimental 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 measurements of light deflection, in the special case of the effect

of the gravitational field of the Sun.
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