Sudan university of science and Technology L o) 531, ¢ glal) 315 gl el
college of graduate studies Ual Sl y ) 2K

S 155 by B3 AR e Byl AR HS W oo

NI KK (sols oo 3158 gandl (p 2

Generalization of Equivalence Principle of Inertia Mass
with Gravity Mass and Formation of New Gravity
Theory from the Generalization in Harmony with

Quantum Mechanics Principles

A thesis Submitted for fulfillment for requirements of the degree of Doctor

Philosophy in Physics

Prepared by: Supervisor:

Elnabgha Mohamed Ngeib Prof: Mubarak Dirar Abdallah

October 2018






1‘.‘/”‘?43;", _:’

Std ) alad) ra e & giligs
B2 930 ¢ dligl
i éa g ol B a3 ¢
L 20 A Gzl ¢
i) @33&3@)/
(Ao}\m Y] ala | | y

$) oY) B g



K-S

0 ot il e ) Anedll S
a8 Lelail dgg] Lesalid dan ) (50 Lgle ca sab Sl (e
>
Loall s2a 8 cSlial La e Sl )
U 5 g
atli¥ Lee s YA 5 agd W) 58T o 585 (e )
SIS 9 (SN
535 ) 53
Apenl) AleSa Haldi g pall JS (313 Cpa anaail bl (e
g.ﬂ
QU s s (Al Glea (e I
@29

Gkl agy i o 5 SIAN o 1 ple elBaal )



O s g S
slaad) ki) Jg) i o) e g0 o) ) el il gealy Mg b A il 5 Y S
Ge b Y ) ) v @ e g de ) dijal) JSAIL adl LS Liall oda
b Gualil lea elalall ) 555 iy s ASEN S5 a0 0 (e ) 408 Lo dia 48 55 Lo LS
Ol e 4ilae o) A Jla) ) 138 apaa s Hilai Al saY) e IS G gan M
Aale e lale Ly



Contents

No. Name Page
LY I
e/ry/ I
Sl Ji7}
bl n
Abstract Vv
Chapter One
Introduction
1.1 Gravity and Quantum Mechanics 1
1.2 Research Problem 3
1.3 Literature Review 3
1.4 Aim of the Work 4
1.5 Presentation of the Thesis 4
Chapter Two
Theoretical Background
2.1 Introduction 5
2.2 Newton’s Gravitational law 5
2.3 Equivalence principle 5
2.4 Galilean Transformation 7




2.5 Michelson Morley Experiment 7
2.6 Special relativity 9
2.7 Lorentz transformation 9
2.8 Time dilation 10
2.9 Length contraction 11
2.10 Relativistic energy 11
211 Theory of General Relativity 12
2.12 Quantum Mechanics 13
2.13 The Non-Relativistic Schrodinger Equation 15
2.14 The Relative Formula of Schrédinger Equation 18
2.15 Previews Studies 20
2.15.1 Generalized of Special Relativity in a Curved Space | 20
Time GSR
2.15.2 EGSR Model for Dirar & others 23
2.15.3 Savakas Model 24
2.15.4 Dirar & Husham Model 25
2.15.5 Dirar & Nuha Model 25
2.15.6 Other Studies 26

Chapter Three
Inertial Mass in Curved Space




3.1 Introduction 27
3.2 The Equivalence Principle on the Basis of Average | 28
Velocity Lorentz Transformation
3.3 Inertia and gravitational mass in a curved space Lorentz | 31
transformation
3.4 GSR in language of metric tensor 35
3.5 The Relative Energy in GSR and Savickas model 39
3.6 New Lorentz Field Dependent Lorentz Transformation | 44
Due to Photon Direction Change
3.7 Lorentz Transformation for Accelerated Photon 45
3.8 Derivation of v2,,,, & V2ax Dy Using SR & GSR metric | 55
tensor
3.9 Schrédinger Equation in GSR 56
Chapter Four
Schrodinger equation in weak and strong
field
4.1 Introduction 59
4.2 Estimate gooln Strong Gravity Field For Photon In GSR | 60
Model
4.3 Using of GSR in Strong Gravity Field to Explain the Dark | 64
Energy & Expanding of Universe)
Chapter Five
Discussion and Conclusion
5.1 Discussion 72
5.2 Conclusion 74
5.3 Recommendation 74

References




B AECIN|

O ¢l 5 Capmaial) piadl e 5 23l ALK 3y ) puadl) B 0S5 A 2
dapie Clapn) (53l Gl g de jludiall Clapuall 35 o) ) s 88l Caai eSS Laa 5815
s . Al Jaad) (8 &5 Camanll Jladdl (8 GSR 4 kil sliadll 4 e alag) &5 LS (AL
3y i Gl Alla b 43 el L Jlal) sl s S0 0 Alilae e g siall Gadsi i
ALK Gl Glapad) sliae 5 ALK @) Glapall Jasd Jslall (U Comall Jlall clizill
G die 5 Lilobias s ALSH dapie lapall dpally SIS 5 Llaia (S 4 slusia il o
Ll 25 Ll 5 AU Aapae cibaguall Sia 5 5 Alslas & GSR J (55l Jladl) 4, i
AN dapre Glapuall dlas ) poal) Cua GBS D Glapuall 3 plaa 48y oy 5 pal
ALK dage Clapall alias () Slie Y eV 138 Al ¢ L5 8 b el Ludla) ae Jalas
O e gt ) Aallaal) A8l e A g peall A



Abstract

The equivalence principle between inertial and gravity mass had been
studied in weak and strong gravity field. Also the Lorentz transformation
for acceleration particle and photon (massless particle) had been
discussion. Also the metric tensor for GSR in weak and strong field was
found, and they applied in Schrodinger equation and found its solutions.
By applying the metric tensor of weak field, the solutions gave the particles
with mass and anti-mass particles an equal value of energy but opposites
and so for massless and anti-massless. By applying the metric tensor of
strong gravity field of GSR in Schrodinger equation for the massless
particles and anti-massless particles it found that they acting different
comparing to particles with mass« where the anti-massless particles acting
with the gravity as repulsion force« and this was led to concerned the anti-
massless particles are responsibly about the dark energy which expanding

the universe.



CHAPTER ONE

INTRODUCTION

1.1.Gravity and Quantum Mechanics
Gravity force is one of the forces that affect any matter. Gravitational forces
described by Isaac Newton as inverse square of distance [1]. He used the fact
that all bodies fall at rate independent of their masses which proved first by
Galileo Galilean [1,2]. He was well aware that conclusions might be only
approximately true, and that the inertial mass entering in his second law
might not be precisely the same as a gravitation mass appearing in the law of
gravitation [2]. Fiendish Wilhelm Bessel and Rolan von Eotvos were
succeeded by different method to show that the ratio of gravity mass and
Inertia mass does not differ from one substance to another. Einstein took this
conclusion of the equivalence between inertial and gravitational mass to led
him to his principle of equivalence [3]. Actually first suggestion of an inverse
square law was by Ismaed Bullia Idus in 1640, anyway, it was certainty
Newton who in 1665 first deduced the invers square law from his
observations. In the following centuries Newton’s law of gravity met with a
brilliant series of successes in explaining the motion of plants and moon [4].
But LeVerrie had calculate that the observed precession of the perihelia of
Mercury faster than that would be expected according to Newton’s theory.
This calculation was confirmed by Simon Newcomb in 1882[4]. However
Newtonian mechanics defined a family of references frame the so-called
inertial frame with in which the laws of physics take the same form. The
invariance of law of motion under Galileo group transformation is called
Galilean invariance or principle of Galilean relativity [5]. This relativity

depends in concept of absolute space and time. In 1880°s Ernst Mach produce
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the first constructive against Newtonian absolute space. He discussed that the
mass of the earth and other celestial bodies determines the inertial frame, this
called Mach’s principle [4,5]. In 1887 Michelson and E.W. Morley showed
that the velocity of light is constant in any direction in any frame however the
way you used to measure it still constant [4]. This problem solved by Albert
Einstein in 1905 by replaced Galilean relativity by other relativity depends
on the universal speed of light as the maximum limit of velocity which known
as special relativity (SR) [2]. But under this new transformation mechanic of
Newton is not invariant, only the electromagnetic theory satisfied the special
relativity, therefor Einstein was led to modify the law of motion to be
Lorentz-invariant, also this motivated Einstein to find invariant formula of
gravity law, so in 1907 he introduced the principle of equivalence (EP) of
gravitation and inertia to calculate the red shift of light in gravity field [2].
Einstein and other tries many times to find the formula of invariant gravity
law until the year 1913 when the mathematician Marcal Grossman inspired
Einstein to view that gravitational field can be identified with ten components
of matric tenser of Riemannian space-time geometry [1,6]. The principle of
equivalence is incorporated into this formula through the requirement that the
physical equation be invariant under general coordinate transformation not
just Lorentz transformation. Thus in series of papers presented by Einstein to
Prussian Academy he succeeded to form the field equations for the metric
tensor and calculate the deflection of light and the precession of perihelia of
Mercury [1,7]. In 1916 he presented the final formula [8]. Other way of
improving and developing the physics was beginning in 1900 by Max Plank
who suggested the concept of the quantum mechanics by assumed that the
emission and absorption of radiation always takes place in discrete levels of
energy on energy quanta [9,10]. This branch of physics developed first by
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classical mechanics. Other revolutionary ideas in this branch was by Bohr,
Einstein, De Brule, Schrodinger, Dirac, and others. These ideas succeeded to
describe the atomic structure and the behavior of elementary particle
[9,10,11]. First use of special relativity in guantum mechanics was by Klein
and Gordon and later by Dirac. The mixing of special relativity and quantum
mechanics led to discover and predict of electron’s spin and discovering of
positron and other [9]. But there is problem to introduce a quantum theory of
relativity where while the special relativity is in both of quantum mechanics
and general relativity but the theory of general relativity does not match well
with quantum mechanics [4,12,13,14]. In 2003 M.D. Abdallah introduce a
general formula of special relativity to include the effect of fields [15]. This
theory succeeded to explain and confirm and predict many phenomena. These
offers were led by M.D. Abdallah and others to explain the behavior of
elementary particle in strong and weak field [16,17,18,19,20]. The theory
derived from modified the formula of Lorentz transformation and by other
way [15].
1.2.Research Problem
The concept of mass (inertial and gravitation) is ambiguous in SR. this is due
to the fact that the concept of field is not present in SR expressing of energy.
1.3.Literature Review

Different attempts were made to form quantum theory of gravitation, but all
these offers are uncompleted, even the new theory like string theory does not
give a complete answer about some phenomenon like the expansion of the
universe. Even the new version which described by eleven space-time axis
also is unsuccessful [21,22,23]. All these theories need more than four
component of space time like Kaloza theory. The problem of the rotating

galaxies does not have answer in general relativity except we assume of huge
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missing of matter that called the dark matter which clearly cannot detect by
any way. General relativity because it is nonlinear theory cannot combine
with quantum mechanics which it is a linear and static theory. The version of
relative quantum mechanics contains theory of special relativity without take
the effect of field on the special relativity and the mass is taken as the function
of position only instead of both position and gravity field.
1.4.Aim of the Work
The aim of this work is to relate inertial to gravitational mass in the presence
of field. This requires using generalized special relativity theory, where the
mass is function of both position and field.
1.5.Presentation of the Thesis

This thesis contains five chapters, where chapter one gives a summary of the
evolution of the two branch of physics, quantum mechanics and general
relativity and the link between them. Chapter two present the main concept
of formula of equivalence principle and general relativity and quantum
mechanics specific Schrodinger, and Kelin-Gordien formula. Then it
introduces the generalize special relativity and their relative equation of mass,
energy, length, and time with aim of Savickas ideas [22-24]. Chapter three
introduce new derived of generalize of special relativity in the language of
metric tensor and other way to derived it. Then derived generalized formula
of Kelin-Gordien equation by using the generalize special relativity. Chapter
four is present mathematical method to calculate the general formula of
Joofor strong gravity field and doped the formula in quantum and then we try
to find all possible solutions. chapter five left to discussion the results and

conclusion.



Chapter two

Theoretical Background

2.1.Introduction
The concept of mass in physics is one of the main basic concepts in physics.
This needs digging deeper to give full view of this concept. This need
reviewing SR, general relativity, and quantum mechanics.

2.2.Newton’s Gravitational law
Newton’s gravitational law is concerned with the gravity force F exerts by a
large a body of mass M on a small mass having gravity mass mg, at distance

r. This force is given by

m, M

— 9
F=6-3%

(2.2.1)

Where G is called gravitational constant. This force causes the particle to
move with acceleration a. Thus

F=mja (2.2.2)
Where m; is called inertial mass.

2.3.Equivalence principle

The principle of equivalence principle rests on the equality of gravitational
and inertial mass, that no external static homogeneous gravitational field
could be detected in a freely falling elevator, for the observers, their test
bodies, and the elevator itself would respond to the field with the same
acceleration [4,5,6,21]. This can easily prove for a system of particle N,
moving with nonrelativistic velocities under the influence of forces
f(xy — xp,) (gravitational forces) and an external gravitational field g. The
equations of motion are



my ;—;x,\, =myVe + ) flxy —xy) (2.3.1)

Where ¢ denotes to field, so V¢p = g, and g is acceleration. Suppose that we

perform a non-Galilean space-time coordinate transformation
t=t (2.3.2)

__gt?
X=x >

Thus

2 2

dz [ gt? _ gt gt
mNF<XN+ T) = myg+ Zf<x1v+7 — (Xm+ T)) (2.3.3)

d? myg d?

:mN;_:sz =Xf(Gy —xy) (2.3.5)

It’s clearly that transformation made to equation (2. 3. 1) cancel the g by an
inertial force in equation (2.3.5). Hence the original observer O who uses
coordinate xt, and the free falling observer 0 who uses xt,will detect no
difference in the laws of mechanics, except that O will say that he feels
gravitational field and O will say that he does not. Equivalence principle says
that this cancellation of gravitational by inertial force and hence their
equivalence, will obtain for all free falling system, whether or not they can
describe by simple equation such as equation (2.3.1). One can rewrite the
first term in equation (2.3. 1) in the right hand as [15,25]

mg =ma=mV¢p (2.3.6)
So that means ma = mV¢, and it is to find that

a=Vep (2.3.7)



.-.afdxzqub (2.3.8)

sax=¢ (2.3.9)

One can note that from equation (2. 3. 1) to equation (2. 3. 5) that the second
term in the right hand is invariant under the transformation while the term in
the left hand is variant under transformation and it produce the term that

cancels the gravitational force which its invariant and V¢p = V.

2.4.Galilean Transformation
Galilean transformation is used to transform between two reference frames
coordinate, which they differ only by constant relative motion within the
constructs of Newtonian physics. Let’s we have two coordinate (x,y,z,t)
and (%,, 2,t), the transformation of these two frames in constant velocity v
IS
x=x—-vt (2.4.1)
y=y (2.4.2)
z=z (2.4.3)
t=t (2.4.4)
Theses equations are valid only at speeds much less than the speed of light.
2.5.Michelson Morley Experiment
The experiment was designed to compare the speed of light in perpendicular
direction, in an attempt to detect the relative motion of through the Aether
wind. The result was negative. They found no significant difference between
the speed of light in the direction of movement through the presumed Aether,
and the speed at right angles. The idea behind the experiment that since the
earth orbits around the sun at speed about 30 Km/s, so two possibilities were
considered in the view of existence of Aether: first, the Aether is stationary
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and only partially dragged by earth, second, the Aether is completely dragged
by earth and thus shares its motion at earth’s surface. According to this
hypothesis, earth and Aether are in relative motion. Although it would be
possible, in theory, for the Erath’s motion to match that of the Aether at one
moment in time, it was not possible for the earth to remain at rest with respect
to the Aether at all time, because of the variation in both the direction and the
speed of the motion. The device used in this experiment known as Michelson

interferometer. The arrangement of experiment shown below.

mirror

light source © / mirror

fringe screen

Michelson-Morley experiment

The interference between two light beams produce a shape of fringe,
according to above hypothesizes this shape should be change if we rotate the
device by 180°%r by time when the position of earth change relative to sun.
But the fringe shape still has no significant different, and thus the result of
experiment is negative, which means the speed of light is independent from

any frame or any motion.



2.6.Special relativity
In the view of the results of Michelson-Morley experiment Einstein assumed
that the speed of light is constant and it is the limit of velocities, no particle
can reach this speed or move faster than the speed of light, so he conclude
that the Galilean transformation must change to anther formula that
concerned the limit of speed. Other hypothesize was that the laws of physics
must be invariant under any transformation between two reference frame.
According to that he introduces new transformation known as Lorentz
transformation
2.7.Lorentz transformation
Lorentz transformation is a linear transformation between two references
coordinate S&S that move at constant velocity relative to each other. The
simple form of the transformation along x-axies is
x=y(x—-vt) (2.7.1)
y=y (2.7.2)
z=z (2.7.3)

f=y(t—g) (2.7.4)

Where (x,v,z,t)&(x,y,2,t) represent an event’s coordinate in two

references S&S with relative velocity v, C is speed of light, and y = L s

Lorentz factor. The inverse Lorentz transformation along x-axies take the
form
x=yx+vt) (2.7.5)
y=vy (2.7.6)
z=2z (2.7.7)



. UX
t= y<t+ﬁ> (2.7.8)
This transformation has some consequences in time, length, and the energy
when we take the effect of relativity due to relative velocity of the two frames
S&S.
2.8. Time dilation
In the view of relativity and Lorentz transformation, let there be two events

at which the moving clock indicates t, &t,, thus
_v4
2
(. (2.81)

N 2
i, =—2L"  (2.8.2)

Since the clock remains at rest in the inertial frame, it follows x; = x,, thus

the interval

t,—t, =At =y(t, — t;) = yAt = LZ (2.8.3)

Where At is the time interval between two co-local events for an observer in
some inertial frame, At is the time interval between those some events as
measured by anther observer inertial moving with velocity v with respect to
former observer. The physical meaning of equation (2.8.3) is that the
duration of the clock cycle of a moving clock is found to be increased. It is
measured to be running slow. Actually this dilation become important only

in high speed near speed of light.
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2.9.Length contraction
In an inertial reference frame S, x,&x, denote to the length of an object in
motion in this frame. The proper length of this object in reference S could be
calculated using Lorentz transformation, thus
X, =y —vty) (2.9.1)
X, =y(x, —vty)  (2.9.2)
Since t; = t, and by setting L = x, — x4, and L, = x, — %, the proper length

in S is given by L, = yL with respect to which the measured length S is

contracted by L = LO/],. According to the relativity principle objects that at
rest in S have to be contraction in S as well. By exchanging the above signs
and primes symmetrically, it follows

Lo=yL (2.9.3)
Thus the contract length as measured in S is given by L = Lo/y.

2.10. Relativistic energy
The formula of relativistic energy takes the form
E =mC? =ymyC? (2.10.1)

Where m, is the rest mass connected to m = ym, [33], thus

myC?
= ——— (2.10.2)
v2
Lo

In low speed (Newtonian limit) by using Taylor series
4

E = myC? (1 +%(%)2 +g(g) + ) (2.10.3)

1
E =~ myC? +Em0v2 (2.10.4)
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The total energy is a sum of the rest energy and the Newtonian kinetic energy,
but it seems there is something missing, where the potential energy does not
appear in the classical limit.

2.11. Theory of General Relativity

Einstein form his gravity law in non-Euclidean form unless the space is empty
from any mas. To introduce the final formula of Einstein’s field equation we
need first to give a view of some important tensors and equation that used by
him to structure the general relativity, since he assumed that the gravity field
which produced by static mass is curved the space-time, so that he used the
Riemannian geometry to calculate the curvature of space-time due to mass.
First formula is the matric tensor which describe the distance between two

point
ds? = g¥dx;dx;  (2.11.1)

Where gl} = i

pry and g;;is metric tensor and x;, x;denote to the four
coordinate(—ict, x,, x3,x,) and dx;; = C?dt?,dx,, = dx?,dx3; = dy?,
dx,, = dz? in the Cartesian coordinate. The geodesic is the path that point
Is following in the gravity field so [6,26,27]
d*x' . dxldx¥
—Z+hig- =0 (211.2)

Where j"k is Chrestofel notation and it is not a tensor, it take the form

. 2 .
[ = 22 %% (2.11.3)

- 0xj0x; 0xg

Equation (2.11.2) produce four equations that determine the geodesic path.
Second Riemannian- Christopher tensor which calculate the change of any

12



vector in Euclidean or non when this vector transform covariance one round
around curvature, so it’s coordinate change and this tensor determining that

change if it’s not equal to zero, it take the formula

. . , d _. a _.
hg =ThTH — e+ —Tr) ——T 2.11.4
Jjkl rk*jl ritjk axk Jjl axl jk ( )

Third is Ricc tensor, it’s case of Riemannian- Christopher tensor when the
upper index equal to one of lower indexes, so that index called dummy and it

eliminate each other around the summation, it takes the form
sz —i=] = R]?kl =Rj, (2.11.5)

And R = gijjk it’s symmetric tensor and measuring the space curve.

Finally, Einstein tensor and the formula of field equation as he introduced in
1916 paper [4]

1

Where T;;is momentum-energy tensor and kis constant obtained from

Poisson equation. As we show the field equation is really complex, hard to

find a solution, and it’s not have a quantum terms.
2.12. Quantum Mechanics

The beginning of quantum mechanics was by Plank, when he assumed that
the electromagnetic emission and absorption in discrete quanta, each of them
equal to [11]

E=hv (2.12.1)

Where E is energy, h is plank constant, and v is frequency. Then De Broglie
suggestion that matter has a duel character, particle like and wave like in the

13



atomic level. He found that the relation between momentum p of the particle

and the wave length A of the corresponding wave is
A= h (2.12.2)
- 12,

These two equations were the mean structure of which called the old quantum
mechanics. Then Heisenberg presented the principle of uncertainly, it stats
that it’s impossible to specify precisely and simultaneously the value of both
members of particular pairs of physics variables that describe the behavior of
an atomic system, and magnitude of the product of the uncertainties in the
knowledge of the two variables must be at least Plank’s constant h divided

by 21, so for that

h

Mx.dp, 2 o— (2.12.3)
h

AD.AJ, 25— (2.12.4)

At.AE > — (2.12.5)

Where x is position that pairs with p, the component of the momentum, and
here 9 is angular position that pairs with J, the component of angular
momentum perpendicular to the plane of the orbital, and ¢ is time where E is
energy. In order to understand the implications of the uncertainly principle in
more physical terms Bohr introduce the complementarity principle which
stats that atomic phenomena cannot be described with the completeness
demanded by classical dynamical; some of the elements that complement

each other to make up a complete classical description are actually mutually
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exclusive, and these complementary elements are all necessary for the

description of various aspects of the phenomena [9,11,28].
2.13. The Non-Relativistic Schrodinger Equation

Schrodinger form his wave equation by generalized the properties of the
wave amplitude. Where for a continues traveling harmonic wave the wave
length and the momentum are related by equation (2.12.2) and the energy

frequency by equation (2.12.1), so these two equation can be rewrite in

. h
terms of the universal constant A = pym SO

p=nhk (2.13.1)

E=ho (2.13.2)

Where k = 27” and w = 2mv. A wave function W(x,t) that represents a

particle of completely undetermined position traveling in the position x
direction with precisely known momentum p and Kinetic energy E, would

then be expected to one of the form
cos(kx — wt), sin(kx — wt) , e!kx=0t) o=ilkx-wt) (2 13 3)

Or some linear combination of them. The wave equation that describes the

motion of transverse waves on a string or plane sound waves can be describe
by

2¥ 92w
otz ! 9x2

(2.13.4)

Where y is the square of the wave velocity. Substitution of the form (2.13. 3)

into equation (2.13.4) shows that each of the four harmonic solutions, and

15



hence any linear combination of them, satisfies this differential equation, if

only we put
E
—=—=—(2.13.5)
m

Where m is the mass of the particle that is to be described by equation
(2.13.4). Because of the structure of equation (2.13.5) it’s apparent that
the coefficient y in equation (2. 13. 4) involves the parameters of the motion
( E or p). in looking further for a suitable equation, it’s helpful to note that
the differentiation with respect to x of wave function (2.13.3) has the
general effect of multiplication of the function by k with differentiation with

respect to t has the general effect of multiplication by w. then the relation

E = % which is equivalent to the relation w = Z—’: suggests that the
differential equation for which we are looking contains a first derivative with
respect to t and a second derivative with respect to x so equation (2.13.4)
therefor not useful and hence

v 0w
ot ¥ ox2

(2.13.6)

Substitution shows that the first two of the wave function introduced in
equation (2.13. 3) are not solution of equation (2.13.6), but that either of
the last two maybe if the constant y is suitably chosen. In particular, if we
chose

iw ih

ih
=—=— (2.13.7)

V=2 p?> 2m

Then the third of the wave function in (2. 13. 3) satisfies equation (2.13.7).

More ever the value of y given by equation (2.13.7) involves only the

16



constant 4 and m. Thus the Schrodinger wave equation for a free particle of
mass m, which from equations (2.13.6), (2.13.7) may be written
0¥ h? 0%y

To includes the effect of external forces that can act on the particle, we shall
assume for the present that these forces are of such a nature (electrostatic,

gravitational, nuclear, etc...) that they can be combined into a single force f

that is derivable from a potential energy U
f(r,t) ==-VU((r.t) (2.13.9)

Just as the classical relation between energy and momentum is used to infer
the structure of equation (2.12.3), so it’s desirable now to start from
corresponding classical relation that includes external forces. This is simply

expressed in terms of the potential energy

2

p
E=—+U(,t 2.13.10
—+UGD)  (2.13.10)

Here E is total energy and the first and second terms on the right side are the
Kinetic and potential energy of the particle, so equation (2.13.8) be
generalized into

o¥ h? 0%y

ihor=—orom t U )Y (2.13.11)

It can be written in three dimensions in terms of

'halp— n VW + U(x, t)¥ 2.13.12
Lat— - X, (2.13.12)
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This is the non-relative Schrodinger wave equation that describes the motion

of a particle of mass m in a force field [10,11,28, 29].
2.14. The Relative Formula of Schrodinger Equation

To derive a relative formula of Schrodinger wave equation we must replace
the classical form of energy by its relative form, where from the special

relativity the relative energy is given as

E =p2C? +m2C* (2.14.1)
The operator of p is
p=—ihV (2.14.2)

Also the operator of E is

)
Il

i— (2.14.3)

Q
~

So, one can write that

9
JERD?Z+miCR Y = i (2.14.4)

Acutely the square root can be easily defined by Fourier transformation, but
due to asymmetry of space and time that make this formula impossible to
include external electromagnetic field in a relativistic invariant way. So Klein

and Gordon instead began with the square of equation (2.14.1), so
E? = m?C* +p%C? (2.14.5)

And equation (2. 14.4) goes to be

2

d
—h2C?V?Y + m?C*Y = -’ — V¥ (2.14.6)
Jot?
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Rearranging terms yields

1 aZ ZCZ

2

P=0 (2.14.7)

Equation (2.14.7) can be written in a covariant notation as
@+ )¥P=0 (2.14.8)

Where the operator O is called D’ Alemert operator, it takes the form

And

mC

Equation (2.14.7) is a relative form of Schrodinger equation for free

particle. It correctly describes the spin less relativistic composite particle like

pion such as higgs boson since it’s a spin-zero particle, and it became the first

observed ostensibly elementary particle to be described by the Klein-Gordon

equation. The Klein-Gordon equation admits plane wave solutions

corresponding to Eigen states of four momentum p,, = (g,p) in the form

i .
W, (r,t) = Nei?" ) = Nelkr-0) (2 14.11)

Where N is normalization constant, E = hw, and p = hK. The Klein-Gordon

equation is invariant under Lorentz transformation [9,11,28,29,30].
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2.15. Previews Studies

2.15.1. Generalized of Special Relativity in a Curved Space Time
GSR

In special relativity of Einstein, time t, length L, mass m, and the energy

E are velocity dependent. They take the form

t=yt, (2.15.1.1)

Lo
L=— (2.15.1.2)

m=ym, (2.15.1.3)
E =mC? =ymyC? (2.15.1.4)

Where

y=——= (215.1.5)

v
1=z

The frame work is based on two postulates, first; the speed of light C is
constant in vacuum and it’s independent from direction of source
motion. Second; that the laws of physics should be invariant due to any
transform from any inertial frame to other. Beside that the space —time

Is continuous and it take the general form of Monkoviski space as
ds? = gooC?dt? + g;;dx;; &i,j = 12,3 (2.15.1.6)

And for Cartesian Euclidian space where dx;; = dx* +dy* +

de,and goo = 1,911 = gzz == g33 = _1, that yie|dS

ds? = C2dt? — dx? —dy? —dz? (2.15.1.7)
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And the factor y can be derivate as

1 ds? v?
e rE=l @ @15.18)

Soy =

, the frame of special relativity is Euclidian geometry, it

does not take the effect of fields. Many offers tried to include the effect
of field, like the model of Savakas, and later on the model of
generalized special relativity GSR theory. Both theories modified
special relativity to take the effect of field ¢, where in GSR the equation
of relativistic of t, L, m, and E take the form [17]

to
t=—=>" (2.15.1.9)
2
Yoo — C2
172
m
m = M (2.15.1.11)
2
Joo — 2
m,C?
E=mC? = g""—‘)z (2.15.1.12)
v
Yoo — C2

Where goo = 1 + ¢ ,derived from Monkoviski space with the weak

field apprOX|mat|on. The mean different between Savakis model and
GSR is the expression of relative mass, while in GSR take the form of
equation (2.15.1.11) but in Savakis model the g, in the numerator

Is absent, thus



m=-———— (2.15.1.13)
172
Yoo — C2
myC?
~E=mC?= = (2.15.1.14)
v
Yoo — C2

In GSR the expression of mass can drive by obtained the volume V,

where the effect of motion and gravity can be take the formula

Vo v?

By using the expression for Hamiltonian in general relativity from

Energy-momentum tensor, one can write [1,2,8,17,27]

2
H = pC? = T0 = % 2.15.1.16
p Yoo JooPo ds (2.15.1.16)

my my
= pC? = goopoC?y? = 900762]/2 = 9007C2V (2.15.1.17)
0

mC?
but pC* =—— (2.15.1.18)
So
mcC? my
That yields
m
m = gogMey = QLOZ (2.15.1.20)
v
Yoo ~ ¢z
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GSR succeeded to explain many phenomena, such as conversion of
electron neutrinos, gravitational red shift, and other [17,18,19,20]. But
the most interesting result is that in the frame of GSR and Savakis
model the accelerator particle can in some case exceeded the speed of

light without falling in the problem of imaginary mass [16].

2.15.2. EGSR Model for Dirar and others
In this model they drive a general Lorentz transformation for motion in
the presence of motion and field, and it holds for any fields including
gravity, electromagnetic, weak and strong nuclear field. The derivation
Is based on homogeneity of space, constancy of light space. The mean

equation of this model based on the factor

1
y = (2.15.2.1)
202 —4Q + 2V, V2 — 40
1- 4C2
Thus
. (v,? — 20 + v V2 — 4(0) .
X+ > t
x = (2.15.2.2)
202 —4Q + 2V, VE — 40
1- 4C?
. <v,? — 20 + vy JVE — 4(Z)>x
2
t = (2.15.2.3)
202 —4Q + 2V, VZ — 40
1- 4C2
Where
v =vi, +40 (2.15.2.4)
And
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1 1
x=9%+vt—at2=£+§(v—at)t+§vt

Vg + v

=x+ t (2.15.2.4)

Thus
x=x+v,t (2.15.2.5)

This transformation reduces to SR when there is no field [ 34]

2.15.3. Savakas Model
In this model Savakas try to found a formula that related between
classical mechanics and the idea of Einstein’s relativity by formed the
Newtonian mechanics in curved space, also he suggested this model to
simplify the complex calculations of GR. The mean equations depends

on the factor y, thus

(2.15.3.1)

Where

And
2¢
1/g44_ = 1+F (2.15.3.3)
The relative mass takes the formula

my my
m = = (2.15.3.4)

J(Ceff)z - () \/1 v ()

C C

In this model Savakas succeeded to point the relation between classical

mechanics, GR, and quantum mechanics [35, 36, 37]
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2.15.4. Dirar and Husham model
In this model they generalized nonlinear Lorentz transformation for
particles moving in a potential field. The transformation is based on the
usual Newtonian relation displacement in terms of initial velocity for

constant acceleration. The major equation is the factor

1
y = (2.15.4.1)

(44 o8e) (12 -2

Thus

x + vyt +%t2
= (2.15.4.2)

e 26-2-2)

This model reduces to SR when @ = 0. Also @ is taken to be as
@=ax (2.15.4.3)

Where a denotes to constant acceleration[38].

2.15.5. Dirar and Nuha Model
In this model they using GSR to drive special relativistic and
generalized special relativistic Lorentz transformation by using the
concept of curved space and the expression of the electric and magnetic

force on electrons beside the expression of displacement current. The

factor y was found as
1

K
y = 1——< ) (2.15.5.1)

Where

vmzv—? (2.15.5.2)
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Also the factor y for pulse of light in field that cause a constant

acceleration was found to be

[ (,.2)
y:[1_—< +2C> } (2.15.5.3)

This prove that GSR stands for all kinds of field such gravity,
electromagnetic, weak nuclear field, and strong nuclear field. And the
model is reducing for ordinary SR in absence of field. [39, 40]
2.15.6. Other studies

GSR used in many studies for explaining and predicting many
phenomena such as Using generalized special relativity together with
Newton’s laws of gravitation for treating particles as quantum strings
[41], also for proving the gravitation red shift [42], also for estimating
the proton (nucleon) mass to explain the mass defect, and estimating
the neutrino masses to explain the conversion of electron neutrinos [43,
44].
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Chapter three
Inertial Mass in Curved Space
3.1 Introduction

Equivalence principle is related to inertia. Equivalence principle emerged
when Galileo found that the acceleration of a mass due to gravitation is
independent of the amount of mass being accelerated. Galileo obtained his
results with balls rolling down nearly frictionless inclined planes to slow the
motion and increase the timing accuracy. Increasingly precise experiments
have been performed by Lorand Edtvds using the torsion balance pendulum
[3]. From Newton second law one can estimate the inertial mass due to force
which accelerate the body, and the gravitation mass can be estimated from
Newton law of gravity. Albert Einstein developed his general theory of
relativity starting from the assumption that this correspondence between
inertial and gravitational mass is not accidental. However, in his theory,
gravitation is not a force and thus not subject to Newton's third law, so the
equality of inertial and gravitational mass remains as puzzling [5]. Einstein

also referred to two reference frames, S and S. S is a uniform gravitational

field, whereas S is uniformly accelerated such that objects in the two frames
experience identical forces. Einstein combined the equivalence principle with
special relativity to predict that time is affected by a gravitational potential,
and light rays bend in a gravitational field, before he developed the concept
of curved space-time. So the original equivalence principle, as described by
Einstein, predicted that freefall and inertial motion were physically
equivalent. Inertial mass is the mass of an object measured by its resistance
to acceleration. This definition has been championed by Ernst Mach and has
been developed by Percy W. Bridgman [5,4]. In special relativity, there are

two kinds of mass: rest mass and relativistic mass, which increases with
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velocity. Rest mass is the Newtonian mass as measured by an observer at rest.
Relativistic mass is proportional to the total quantity of energy in a body or
system. But there is no term refers to the effect of gravity field or any fields
on mass. The next work is concerned with the effect of gravity field and

acceleration on the mass. Then one can verify equivalence principle.

3.2The Equivalence Principle on the Basis of Average Velocity

Lorentz Transformation

The equivalence principle states the laws of nature takes the same form in
accelerated frame and the frame permeated by gravitational field. This can be
studied here with in frame work of lorentz transformation based on average
velocity assumption as proposed by M.Dirar and other[15]. In this version

the relativistic mass is given by

>

—*v=1p+t+at

v

my
m=——— (3.2.1)

2
1 - Ym
C2

Where the average velocity which was assumed to be invariant

Vo + v
Vn =

(3.2.2)
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For particle moving with initial velocity v, against gravity, the final velocity
Is given according to the ordinary rectilinear motion with constant

acceleration to be
v =v3—-2ax=v5—-2¢ (3.2.3.)

Where ¢ stands for the potential per unit mass. Thus according to equation
(3.2.3),(3.2.2)and (3.2.1)

2 2 2
vrzn=v0 +21j}v0+v =2v +2g0+42vw/v2+2(p

v+ +uvi+29

2

(3.2.4.)

Thus equation (3.2.1) become

my
m= (3.2.5.)

Jl_ ¢ (v2+VJ;7:75>

2¢2 2c?

Consider now a particle falling in a gravitational field such that its speed at a
certain point x is v and its potential energy is ¢. According to equation

(3.2.5) its mass is given by

my
mg =m= (3.2.6.)

Jl_ ¢ (v2+vJ;7:75>

2¢2 2c?

Which stands for gravitational mass. Now consider a particle moving upward
with speed v,. For an elevator moving with acceleration a up ward its

velocity after time ¢t when its displacement is x becomes
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v =v3—2ax (3.2.7)
Thus according to equations (3.2.1), (3.2.2) and (3.2.7) one gets

2 2
, Vo t2vvg+v

v2 = 2
N v? 4+ ax + vVv? + 2ax
V2 = >

Thus equation (3.2.1) gives the inertial mass m;is gives

my
m;=m= (3.2.8.)
1_ax _ v? + vVv? + 2ax
2c? 2c?
But numerically
ax=¢ (3.2.9.)
Thus
my
m; =m= (3.2.10.)
) vZ+v\vi+2¢
1= 2c2 2c?

A direct comparison of equations (3.2.6) and (3.2.10) gives

mg,=m; (3.2.11.)

This means that the inertial and gravitational masses are equivalent. Another
version of equivalence principle states that the laws of nature for elevator in
free fall in a gravitational fields takes the same form as that in free space.
Now consider an elevator which is in free fall with a particle of rest mass m,

inside it. According to equation (3.2.2)
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Vg + v
U = >

Since the particle is at rest all times, it follows that
vo=0&v=0 (3.2.12.)
Thus
vy, =0 (3.2.13.)

Thus in view of equation (3.2.1) the gravitational mass is

To (3.2.14.)
m, = =m Y/ .
9 Jyi-o °

For a particle of rest mass inside an elevator in free space that have rest mass
my:

Vo =0&v=0&v,,=0 (3.2.15.)
Thus according to equation (3. 2. 1) the inertial mass is given by

my
1-0

=m, (3.2.16.)

3.3 Inertia and gravitational mass in a curved space Lorentz transformation

The equation of motion of an accelerated particle due the action of gravity
field or due to the elevator acceleration a with respect to a particle in free
space is given by

d?x* , dxtdx?
_|_ —_—
dt? BV ode dt

=0 (3.3.1)

For slow moving particle in x-direction in a weak gravitational field, equation
(3.3.1) is reduced to
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dzx 2171

The connection in a weak field limit is given by
L 1

Thus the acceleration a can curve the space according to equation (3.3. 2),
and (3.3.3) to get

d?x gy CP c? 0hy
S T =g Ve =55

@ 2

(3.3.4)

For constant acceleration

C2
jadx =?] dhoo

2ax = c?hyy, (3.3.5)

By using the definition of force therefor,

2

mc
F=ma=-VV =-mVgp = —TVhoo (3.3.6)

Thus

2 2§0

C
@z_?hoo & hOO:_C_Z (337)

Therefore, the time metric takes the form

2¢
9oo = —1+ hgo = —<1 +?> (3.3.8)

In view of equation (3.3.5) and (3. 3. 8) it also takes the form
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2ax 2ax
g00:_1+h00— 1+7=—<1—7) (3.3.9)

Taking into account equation (3.3.5) and (3.3.7) one gets

2¢ 2ax

The mass in a curved space takes the form [15]

my
m = (3.3.11)
12
—Y00 — oz

Using equations (3.3.11) and (3. 3. 8) the gravitational mass is given by

m m
m, = 0 = 0 (3.3.12)

o=t (1+%)-5

With the aid of equation (3.3.11) and (3. 3.9) the inertial mass is given by

Zax
1/ —Y900 — \/

Taking into account equations (3.3.9), and (3. 3. 8); it follows that

(3.3.13)

2¢ 2ax
900=—<1+C—2>=—(1—C—2) (3.3.14)

Therefore
m

I.e. the inertial and gravitational mass are equal. For an elevator freely falling
with a particle in a gravitational field, the particle is at rest with respect to

him. Thus no acceleration is observed, i.e.
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v=0 & a=0 (3.3.16)
According to equation (3.3.14) and (3.3.12)
mg=my (3.3.17)
For the particle in free space, which is at rest with respect to an elevator
v=0 & a=0 (3.3.18)
Again equation (3.3.14) and (3.3.13) gives
m; =my, (3.3.19)
Thus

mg=m; (3.3.20)

The equality of gravitational and inertial mass is studied with in the frame
work of velocity invariance and curved space Lorentz transformation. Two
scenarios are proposed. In the first approach the particle mass falling freely
in a gravitational field is compared with the one in free space observed by an
observer in an elevator moving with respect to him with acceleration equal to
the gravity acceleration. According to this version the velocity invariant
Lorentz transformation shows the equality of gravitational mass and inertial
mass as shown by equation (3.2.11). This equality is related to the equality
of potential per unit mass and work done due to acceleration [see equation
(3.2.9)]. The curved space Lorentz transformation shows also equality of
gravity and inertial mass [see equation (3. 3.15)]. This is due to the fact that
both field and acceleration deform the space as shown by equation (3. 3. 14).
In the second version the elevator falling with a particle in a gravitational

field is compared with that in free space at rest with respect to the particle. In
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velocity invariant Lorentz transformation gravitational mass is equal to the
rest mass [see equation (3.2.14) and (3.2.16)]. In the curved space
Lorentz transformation, the fact that the particle is at rest in both make
acceleration vanishes. Thus the space is Minkowskian and the inertial and
gravitational mass are equal to rest mass in both frames [see equations
(3.3.16 — 3.3.20)].The velocity invariant model and curved space Lorentz
transformation shows the equality of gravitational and inertial mass. This
equality is related to the equality of potential and acceleration work done per

unit mass.

3.4 GSR in language of metric tensor
Generalized special relativity theory represented the case of free falling
where the velocity depends on the position and the field, and the relation

between acceleration and field is given as in equation (3.3.10), so

ax =—¢ (3.4.1)
We shall start from Euclidean space of four coordinate, so
C?dt* = ds® = g"dx,dx, = C*dt* —dx* —dy* —dz* (3.4.2)
The factor y in special relativity can be directly derived from above equation
as
_dt _Cdt 1
dt ds 12

14 (3.4.3)

Since in the case of free falling the velocity is changing due to field it’s useful
to recall equation (3.2.3)

vi=v¢-2¢ (3.4.4)
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where ¢ = —GTm. Now let’s find formula from equation (3.4.2) to replace

v2in (3.4.4), s0

ds? .

W =C“—v (3 4, 5)
This lead to

ds? ds?
U2= Z—F_ 2( —W>=U(2)—2(p (346)
Rearrangement, yields
2 dSZ 2
C —W=UO—2¢ (34-7)

o C%dt? — ds? = vidt? — 2¢dt?> (3.4.8)
ds? = C2dt? + 2¢dt? — vidt? (3.4.9)

2 dx?
ds? = (1 + C—f) C2dt? - dt?  (3.4.10)

~ds? = (1 + i—f) C3dt?> —dx* (3.4.11)
Equation (3.4.11) represent the metric tensor of GSR, its solution the case
of free falling in the Cartesian coordinate, also it represents the case of
acceleration in one direction according to equivalence principle. This metric
can be used for free accelerated particle, it should be also used for photons in
field with respect to direction of photon and field. It’s easy to drive the factor

y by using equation (3.4.3), so
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1
y = (3.4.12)

2 v2
ﬁ+%‘ﬁ

This is the same factor of y in the GSR, so the metric in equation (3.4.11)

represent the space components of GSR derived easily from newton’s law of

. . . . . . 2
motion under acceleration in street line. The classical approximate for C—‘f —

2
U—z « 1 in term of total energy can be write from the relative energy as
c

2 2
E=ym?=—" 124+ 3413
BRA 20 02 O c2 " 2c2 o
f1+2-2
C

mov?

5 =myC2—V+T (3.4.14)

E =m0C2 _m0(p+

Note that we derive this equation by assuming that the particle is accelerated
Is positive and its potential energy decreasing, if one starting with negative
accelerating which that means its potential energy increasing the factor metric
tensor in equation (3.4.11) become

2¢

~ds? = (1 ~ 7

)chtZ _dx? (3.4.15)

Thus, y become

1
y = (3.4.16)

20 v?
I-%z-¢

So the total energy in classical limit become
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2 2
E=ym?=—" 1424+ 3aam
—Vo—\/ TR AT 4

- Cc? 2

mov?

2

E=myC*+myp + =myC>+V+T (3.4.18)

In view of equations (3.4.11 — 3. 1. 18) one can define here the term +m,¢p
as the inertia resistance or the increasing and decreasing of inertia mass due
to accelerated particle in gravity field, where in special relativity the mass
have a limit velocities under light speed and the mass become infinity if it’s
velocity reach the speed of light due to inertia resistance, but in this model the
particle that have mass, the inertia resistance appears as increasing or
decreasing in their potential energy, this make the particles if we lie say it
reach the speed of light its mass does not become infinity, but its potential
energy increasing, now let’s compare if the acceleration due to field or due to

constant force applied to particle from equation (3.4.1) where

GM
ax =—@ = Fx =gx (3.4.19)

The left side of equation (3.4.19) assume that the accelerate a is constant
due to constant force, where a = % so there is no limit for the value ax and F

Is not function of distance x , while the right side represent of the acceleration

due to field gravity generated by M as function of% , Where g = & = % ,it’s

x2
clearly here F is function of distance x—lz this is the mean different between
acceleration due gravity field verses acceleration due constant force. But
actually we assumed that the gravity field in specific limited region can be

treatment as inertia force. This lead us to equivalence principle, one can say
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that the equivalence principle should be generalize to include the effect of
strong field which produce not constant acceleration in any region, so for that
the equivalence may not be accurate, however the equivalence principle can
be used as well as studding the motion of plants around their star because here
the angular acceleration can be nearly constant, but in the case of free falling

it’s better to replace ax = —o.

3.5 The Relative Energy in GSR and Savickas model
As we shown in chapter two in equation (2.15.1.20), and (2.15.1.13)
there is different equations between GSR and Savickas model to describe the
relative mass and the relative energy, the question here is there a relation

between these two expressions? Let’s start with Savickas equation [22],

m
m=——
v?;
goo_ﬁ
myC?
12
1/900_(;_21

JooMyp

m=.goomol/=—2
[Za)
1/goo_ﬁ
m,C?
E =m(C? = goomeyC? = 900—02
’ v
.goo_C_z2

Now let’s find the relation between v#; and v, by making equation (3.5.1)
equaled to (3.58), thus

3.5.1)

~E=mC? = (3.5.2)

In GSR [17]

(3.5.3)

(3.5.4)



— Yoo (3.5.5)
v, v?, o
oo~z oo~z
Where goo =1+ zc—fthat yields
1 1+%—(§
— = —  (3.5.6)
2 v 2 v
)

So

2¢ 20  v* 20 v?,
<1+F>\/1+F—F= 1+F—F (357)

. .. 2¢ vzl 2¢ v22 .
In classical limit where — — —* « 1 and — — - « 1 one can write that

2¢ o v v
1+—=|l+=-——=)=0+—=—— 5.
< +CZ>( +CZ 2C? ( +C2 262) (3.5.8)
2 2 2 2
¢ vy 29 207 v, Qv
1+=——=+—=+—F- =1+=—-—=—= 3.5.9
+C2 262+ C? * c* c* -I_C2 2C? ( )
By neglected the terms of C~*, one can get
2 2
Ve 2¢ L)
——t— = —— 5.1
2C? + C? 2C? (3.5.10)
This equation gives
Y1_V245 (3.5.11)
5 5 Q@ ..
~v? =v3,+4¢ (3.5.12)

This gives two results, first in the classical limit the both theory is
equivalences, but it seems that GSR is more general than Savickas model, so

it represents also the strong field, second result that the velocity is taken as

v

the effective value of root mean square where v, = 5
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Actually it seems that the factor y which derived in chapter two in equations
(2.15.1.16 — 2.15.1.20) is more general and it valued for strong field and

Jdoo
1722
1/goo—_cz

tensor instead of metric tensors in equations (3.4.11), and (3.4.15). let’s

y = Joo
v?,
Yoo — T2

By using the same way used in derived the GSR metric tensor in weak field

weak field, so by taken y =

this lead us to form more general metric

starting from

(3.5.13)

where
2
1 ds? 1+ 2C_<p -7
y_2 = Cigz = 2o (3.5.14)
1+2%)
<1 + %— UC—)
ds? = ——~(C*dt* (3.5.15)
1+ 2—‘p)
C
Rearrangement
5 C?dt? dx?
ds® = — (3.5.16)

29 2¢\?
(1 + CZ) (1 + Cz)
Equation (3.5.16) can be written as
20\ 2¢\*
ds? = (1 + C—f) C2de? — (1 4 C—f) dx?  (3.5.17)
Equation (3.5.17) is matric tensor of GSR in strong field for free falling in
the direction of the x-axies parallel to the force line of field, and for

accelerated particle in very high accelerated. Its easily to prove that it goes to
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equation (3.4.11) for weak field where ZC—"Z’ <« 1.we use simple mathematic

method to calculate the matric tensor of GSR in weak field and some

approximations, so starting from (3.5.17) one can write that

ds? = (1- %)2 c2dt? — (1- %)4 dx? (3.5.18)

This can be reached by using that

. _ ! =(1—%)2 (3.5.19)

(428 Ja-28J0+39

In general, for Zc—f <« 1 one can find that

ﬁ =(1- %)Zn (3.5.20)
c?

So equation (3.5.18) valued for Zc—f &< 1. Now let’s calculate the brackets

and we shall have neglected any terms of power more than €2 , that

2 _ 20 | 9%\ f2 3.2 20, 9 20 | 49*  29° @7
ds? = (1-Z+5) P - (1- B+ G-+ 5 -5+ G-

3 4
2 +220) dx?(3.5.21)

By neglected any terms of power more than € ~2, it yields

2 4
ds? = (1 _ C—‘f) C2dt? — (1 _ C—‘f) dx?  (3.5.22)

Equation (3.5.22) is equivalence exactly to equation (3.4.11), and we can

prove that by calculate the factor y for equation (3.5.22), so

42



izd_szz(l_z_‘p)_(1_4_‘p)2 (3.5.23)

y = (3.5.24)

Neglected the term of C~* that gives

y = (3.5.25)
\/1 _29 v
C C?
Substitute v?, = v2; — 4¢, yields
1
y = (3.5.26)
\/1 _2p v —4¢
C? C?
Rearrangement,
1
y = (3.5.27)
20 v?;
e

Thus, equation (3. 5.27) is the same of equation (3.4.12), which accentual
that the metric tensor of space in equation (3.5.17) is correct formula for
strong field describe the free falling and more general than metric tensor of
GSR presented in equation (3.4.11). these two metric should be a solution
of general relativity in the case of free falling in weak, and strong gravity
field. It also represents of constant accelerated due to constant force.
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3.6 New Lorentz Field Dependent Lorentz Transformation Due to Photon
Direction Change
New Lorentz transformation accounting for the effect of the field on space
time and mass was derived. This transformation is based on the effect of the
field on the photon trajectory by preserving the photon speed but changing
its direction. According to this version the photon is accelerated by the field
due to the change of its direction. This transformation shows that length,
space and mass are effected by the field. It also shows the beauty of Einstein
curved space concept and its advantage to describe fields more correctly than
the Newton laws. One of the important theories in physics is Einstein's
special relativity, it is radical theory that made modifications to concept of
space, time and energy [1,25]. It is formed from two hypothesizes, first, the
homogeneity of the space and other is invariability of light speed in vacuum
as maximum velocity of transforming any kind of signal. In Newtonian
mechanics the concept of space, time and mass are absolute and they have
the same value at any references frames, while they are not absolute in special
relativity, they are relative quantities according to the velocities of the
observers in inertial frames of references. The hypothesis of invariability of
light speed is came from Einstein's conclusion for the results of Michelson-
Morley experiments. Einstein used the above hypothesizes and Lorentz
transformation to obtain the expressions of time, length, mass and energy [2].
Special relativity theory passed many tests that confirmed its accurate result
and it prove its self as extended theory for Newtonian mechanics in high
speed near light speed [1,2,4,12]. It succeeded to explaining many physical
phenomena like pair production, photoelectric effect and meson decay [4].
But special relativity suffers from noticeable setbacks, some of these setbacks

is related to the fact that classical limit of energy expression in special
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relativity does not coincide with Newtonian energy expression, where the
term of potential energy been missing. That means that the energy expression
by special relativity does not satisfy the correspondence principle. Also the
special relativity can't explain the gravitation red shift for photon due to
gravitation field [15]. The photon mass is proportional to its frequency, that
conflict with fact that the mass in special relativity is not a function of the
field potential. The same holds for the time, length and mass expressions in
special relativity, which does not recognize the effect of gravitational field in
the weak limit, which is not in conformity with that of general relativity
where time and length are effected by gravitational field. However, Einstein's
general relativity is generally covariant theory of gravity. Many offers were
made to correct and modify special relativity to include the effect of gravity
and other fields. These offers concentrated to the mass notion and energy
without considering the effect of both motion beside fields on time, length
and mass. Some offers were made to involve the curvature effect of space
time on energy and momentum [7,15], but their energy expression is
incomplete because they deal with equation of motion instead of
Hamiltonian. These drawbacks motivate searching for new model accounting
for the effect of fields. The next work concerns on these problems.

3.7 Lorentz Transformation for Accelerated Photon

Consider the Lorentz transformation

.. at?
X=y x+vt—7 (3.7.1)
. at?
X=Yy x—vt+7 (3.7.2)
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Consider the two frames (x.t) and (x.t) have their origin coincide at = ¢ =
0 . If a pulse of light is received from a source S then its position in the two

frames becomes at ¢ and ¢ respectivity
x=ct (3.7.3-a)
x=ct (3.7.3'b)

Substitute (3.7.3.a) and (3.7.3.b) in (3.7.1) yields

., at? . at?
ct=y ct+vt—7 =y (c+v)t—7

vy . at?
t—y((1+2)t—¥>
t=Ct+Ct%2 (3.7.4)
Where
C1=y(1+z) (3.7.5 - a)
c

¢, =2 (3.7.5-b)
2_ 2C « 4

Substituting (3.7.3.a) and (3.7.3.b) in (3.7.2) gives

. at?
ct=vy ct—vt+7

£=y<(1—§)t+0;—tcz>

t\: = C3t + C4_t2 (3. 7. 6)
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Where

Cg=y(1—§) (3.7.7 - a)

.= 3.7.7-p
* T 2 n

Substitute (3.7.6) in (3.7.4) to get
t = C;(Cst + C4t?) + C,(C3t + C4t?)?>  (3.7.8)
t = C,Cyt + C1C4t% + C,C3t% + 2C,C5C,t3 + C,C2t*  (3.7.9)
Comparing the coefficients of ¢. t2. t3and t* on both sides gives
C,C;=1 (3.7.10)
C,C, = —C,C2 (3.7.11)
2C,C:C, =0 (3.7.12)
C,C2=0 (3.7.13)

From (3.7.5.a) and (3.7.7.a) equations, (3.7.10) becomes
2 AV
v (1+ C) (1 C) =1

1
ny=—— (3.7.14)

From (3.5.7.a) and (3.7.7.b) equation, (3.7.11) becomes

p(1+9)2-T20Y) @ras)

From (3.7.5.b), (3.7.7.a) and (3.7.7.b) equation (3.7.12) becomes
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22«212 (1 - E) -0 (3.7.16)

Cc

From (3.5.7.b) and (3.7.7. b) equation, (3.7.13) becomes

re’ (3.7.17)
8c3 o

In view of equation (3.7.14) y take the same special relativity form.
However, equations (3.7.15), and (3.7.16) shows that the Lorentz
transformation (3.7.1) and (3. 7. 2) gives consistent results only when (a =
0). This requires trying another transformation to take care of effect of fields.
One can assume that the light is accelerated due to the effect of field on
photon trajectory. It is well known in mechanics that any particle can be
accelerated if its magnitude of velocity v is constant when it change its
direction. This happens for particles having constant speed v and moving in
a circular orbit, thus changing its direction regularly and possessing an

acceleration

172
a=— (3.7.18)

towards the Centre of a circular orbit. According to general relativity (GR)
the photon move in a curved trajectory in a gravitational field, although the
magnitude of photon speed c is constant, but it is accelerated due to the
change of photon direction, since the change of photon direction decreases
its speed in the original direction. For example if the photon change its

direction by A@ during time interval At, its acceleration becomes

Ac ¢ —csinA® c(1 — AQ)
== v ~ Y (3.7.19)

a

48



This means that SR and GR are not in conflict with each other, this shows
how beauty is Einstein relativity compared to Newton's laws. The photon
acceleration can be found by using the relation between work done and
energy change according to gravity red shift. The change in photon energy is

given by
AE =hf —hf =V (3.7.20)

Where V is the field potintial. Here one assume that V is potintial of any field,;
not gravity field only. The change of energy is equal to the work done, again

assuming constant mass and constant acceleration, one gets
F-x=max=V (3.7.21)

The photon displacement can be found by using the expression for photon

interval in a curved space, to get
0 = c?dt? = gooc?dt? — g, dx? (3.7.22)

Assuming that the photon obeys static isotropic constraints ggg = gy, ONE

gets
2 2
dx? = gg,c?dt? = (1 +c_(f) c?dt? (3.7.23)
2
dx = (1 + C—f) cdt

Thus integrating both sides yields

2¢

X = (1 +?> ct (3.7.24)

Similar relation can be obtained by finding the photon acceleration by

assuming x = ct to get
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_?
= (3.7.25)
In view of equation (3.7.3.a) and (3.7.25) the position is given by

at? pt? )
=Ct——=cCt———=ct —— 7.2
x=ct > ct et ct th 3 6)

Similarly, equation (3.7.3.b) and (3.7.25) gives

., at* et | @,
xX=ct+—=ct+——=ct+—t (3.7.27)
2 2X 2C

Consider the Lorentz transformation
.. at?
X=vy x+vt—7 (3.7.28)

Where the average velocity v, is given by

_v+v, v+v-—at at 3.7 29
U = = 5 =v-5 (3.7.29)
Thus
. . at? at . .
l=vt!——=(v——=|t=v,t (3.7.30)
2 2
Thus
x=y@X+v,t) (3.7.31)
Similarly

x=yx—-v,t) (3.7.32)
For static source in a frame S the photon is not accelerated , thus

x=ct (3.7.33)
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But the observer in S sees the source S is accelerated and the photon moves

in curved space , thus

N \ (p \
=ct+—t 3.7.34
X=cC +2c ( )

By substituting (3.7.33) and (3.7.34) in (3.7.31) yields

ct=y(c+z(£c+vm)f (3.7.35)

Similarly if the source is at rest in frame S the photon position is given by
x=ct (3.7.36)

Since S is accelerated with respect to S due to the field effect , therefore the

photon move in a curved space , thus it is accelerated, hence
%
=ct—— .7.37
x=ct o t (3.7.37)
Substitute (3.7.36), (3.7.37) in (3.7.32) to get
. %
ct —y(c—z—vm)t (3.7.38)

From (3.7.34) and (3.7.37)

f=§y2(0+2%+vm)(c—2%—vm) (3.7.39)

So

1
y = (3.7.40)

J1- G2y

Thus the generalized special relativistic energy is given by
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myc?

E =ymyc? = = (3.7.41)
(P m
\/1 (ZC2 = )
Neglect the term consisting of ¢?2, yields
1
y=———= (3.7.42)
vm
Cc?
Where
v+ v,
Vm = (3.7.43)

But when the particle moves against the field

vZ =vi —2ax = vi — 2¢
LvE=v2+2¢ (3.7.44)

by Assuming that wvand v, represent the average values that related to

maximum valuesv,,,,, and vy,,4, according to relations v = vm—\/;x and v, =
Vomax
V2
S VEmax = Vaax +4ax  (3.7.45)
then

2 2 2
» _ (Ymax T Vomax\"~ _ Vmax T 2VmaxVomax T Vomax
Vm = 2 = 4

_ VEax + (2Vmax Vaax + 4ax) + vig, + 4ax

4
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2v2,0, + <2v,3mx ’1 + %) + 4ax
2 vmax

Uy = 2
2ax

> + 4ax
(%
max (3.7.46)

202 05 + 2V 0x (1 +
4

Q

,  AVha + 8ax
oo 'Um =

2 = Vg +2ax = Vi +2¢ (3.7.47)

2
But from equation (3.7.38) for -2 < 1 then
C

Vhax + 20

(
=14+ -1
4 T 2c? T 2c?

(3.7.48)

1 vr%lax
sy =l+ (540 (3.7.49)

Thus equation (3.7.41) and (3.7.38) gives
1
E =ymyc? = myc? + Emovfnax +mop =mec?+T+V (3.7.50)

Thus the generalized special relativity energy relation satisfies the Newtonian
limit. This is since the energy include kinetic beside potential energy term.
The gravitational red shift of photons can also be explained by using GSR.
Assuming photon in free space so its potential energy V = 0, by using
(3.7.50) and plank hypothesis , one can get

hf =myc?+T (3.7.51)

if the photon enters gravitational field its frequency (3.7.52) changes also

to £. Thus equation (3. 7.50) gives
hf =myc?+T+V =hf+V (3.7.52)
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thus fortunately equation (3.7.48) explains the gravitational red shift.
Equations (3.7.15), (3.7.16) and (3.7.17) can only be satisfied if the
acceleration a vanishes. This means that Lorentz transformation (3.7.1) and
(3.7.2) are not suitable for describing the behavior of particles in fields by
using the acceleration concept and assuming a to be invariant. However if
one uses the concept of potential ¢ and assume it to be invariant, one can find
useful expression for y similar to that obtained by other researchers
[17,18,19,20,22,23,24]. This expression explains the gravitational red shift
and satisfies the Newtonian limit. The fact that the potential invariance
concept is suitable for Lorentz transformation of fields may be related to the
fact that
2¢ c?
oo = _(1 +?>_"P = _7(900 +1) (3.7.53)

Which means that ¢ reflects space deformation. Inserting this relation in
equation (3.7.23) gives

Q c 5 c
X = ct—z—ct = ct+Z(g00 + 1)t =th+Zg00t (3.7.54)

Which means that the field deform the space. This makes the relation

2

at
l=vt—T (3755)

which describes the motion in Euclidean space invalid. The fact that the field
deform space in generalized special relativity conforms completely with GR,
which shows also that the gravity field deform the space. The space
deformation shows also that the photon acceleration is not due to the change
of light speed but due to the change of photon(light) direction. This result
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shows that GSR and GR are not in conflict with each other but they integrate
each other. This shows how beauty is the Einstein space deformation concept.
The Lorentz transformation based on photon motion in a curved space
relation, resembles that obtained by others. It also satisfies Newtonian limit
and predict gravitational red shift. This model is in agreement with previous

GSR models.

3.8 Derivation of v3,,,, & V2,4, by using SR and GSR metric tensor

To reach the equation (3. 7.45) that described the effective value of velocity

we should starting from the equation
v2=vi+2¢ (3.8.1)

As we know v, is a constant velocity, its space-time follows the special

relativity metric tensor as

ds? = C?dt?> —dx?* (3.8.2)

. dSZ 2 2 5 2 2 dSZ 2 1
"ch —v53v5=C 1_C2dt2 =C (1_E> (3.8.3)
Where y, = ;v% . but v in equation (3.8.1) is not constant value, it
1=z

accelerated along; suppose, x-axis due gravity field, so its space-time follows

the GSR metric tensor as we find in equation (3.4.11) for weak field

2
ds? = (1 + C—‘f) C2dt2 —dx?  (3.8.4)

That means

v? = (C? <1 —%) (3.8.5)
Y,

G
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Wherey,.__ 1 . Now let’s substitute equation (3.8.3), and (3.8.5) in
1+c_2_c_§
equation (3.8.1) to get the effective velocity, we get
1 1
C?*|1-—|=C? (1 ——2) +2¢ (3.8.6)
Ve Vs

20 v? V2
C2<1_(1+F_F ) = C*? <1—(1—F >+2<p (3.8.7)
This yields
—20+v?=v:+2¢p (3.8.8)
S VGrr = Vherr +4@  (3.8.9)

This can be done also if the particle accelerated positive or negative by using
equation (3.4.16). we conclude that by comparing (3.8.9) and (3.8.1)

2

2 1’3ff 2 _ Voerr
vi=— &v§ = > (3.8.10)

3.9 Schrodinger Equation in GSR
Schrodinger equation describe the behaver of particles according to classical
mechanic. It does not take the relative effect for particles. The relative version
of it was derived by Klein and Gordon. Then Deric present his equation to
describe the particle that have spin. In this section we will introduce a new
version of Schrddinger equation to take the effect of accelerated particle
depends on GSR theory and Savakis model in weak field. The relative energy
for particle can be taken as

E =mC? =ymyC? (3.9.1)

By substitute the factor y, yileds
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myC? myC?

E = = (3.9.2)
m2C? 1 20 v? 2m?C?¢@ p?C?
m?cZ\" TczTz) 1tTEr TR
_ myC?
_>\/E2+2m262<p—p262
EZ
Rearrangement

moC? = \E2 + 2m2C2¢p — p2C2 (3.9.3)
. miC* = E2 4+ 2m2C?%p — p?C? (3.9.4)

This can write as
2

CZ

E? 4+ 2m?C%@p = E* + (pz'm%C4+p2C2 (3.9.5)

So
20\ ., 204 4 202
1+ B2 = miCt +p2C? (3.9.6)
Now, let’s substitute the operation of p?, and E?, since p? =

_hzvz E2=—h2 6_2
' at2

2¢ 2

2 _
- (1 + F) W2 WD) = mCHW(LT) - CRTR(ED) (3.9.7)

Rearrangement

2 22

(1+2(p) 19 W(t,F) VZlP(t‘)+m°C YtH =0 (3.9.8
c2)c29¢2 2 » T 72 ,T) = (3.9.8)

Comparing with equation (2.14.7), it can find that it modified D’ Alemert
operator by factor (1 + zc—f) and it is general form of Klien-Gorden equation

for accelerated particle due to gravity felid. It can be written in a covariant

notation as
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((1+ZC—920>|:+#2)LP=0 (3.9.9)

Equation (3.9.8) can be in Deric notation as

(14—2¢) ZIQKt_» Vﬂqwt'»—kn%czhpﬁ'ﬁ)-o 3.9.10
cz)czoe' T & h2 D) =0 (3.9.10)

Tet’s take the effect of conjugate W(t, ¥) by multiply equation (3.9.10) by
(P(t, DI, so

2 1 2
(1 4 C—f) 2 (P(, )l % [P (t, D)) — (P(t, DIV W( D)
maC?

+ (Wt PWED) (3.9.11)

hZ

This gives

20\ 1 [ E*\ p? macC?
(1+F>ﬁ —ﬁ +ﬁ+ h2 =0 (3.9.12)

Multiply by A2 and then arrangements, yields
2(/) 2 2r4 22
<1+F>E =m§C*+p°C- (3.9.13)

méC* + p?C?
2

= E? = (3.9.14)
Thus, equation (3.9.14) as we shown in equations (3.9.2 —3.9.6)
derived from equation (3.9. 1) the relative energy from GSR, thus

E =mC? =ymyC? (3.9.15)
This prove that equations (3.9.8,3.9.9) is valued for accelerated particle
due weak gravity field, it is invariant, and it goes to Klein-Gordon equation

when ¢ = 0.
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4.1,

Chapter four

Schrodinger equation in weak and strong field

Introduction

from chapter three a new version of relative Schrodinger equation that
described accelerated spineless particle due weak gravity field, and its
invariant under Lorentz transformation as we shown that the energy is
conserved in equations (3.9.11 — 3.9.15). Now let’s do that for photon
that is in weak gravity field. The metric tensor of GSR as we shown in chapter
three equation (3.4.11)

2
ds? = (1 4 C—‘f) C2de? — dx®  (4.1.1)
For photon ds? = 0, so
2
(1+%5)car? —ax? =0 (4.1.2)

(14 %2) g = (14 ) - =0 @1y
It yields

2

This equation can be used to drive the gravitation red shift in weak gravity
field, that
h
E=hv ZIC (4.1.5)
The difference in light energy presented as

h
AE = hv — hvy = I(ceff -C) (4.1.6)

Then
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4.2.

2¢
cl1+%2-¢
AE _C=Cor _ ¢ (4.1.7)

E C C

And for Zc—f « 1, one can write

¢
AE Av C ((1 t¢7) - 1) 9  GM

Equation (4.1.8) is the same formula of the gravitation red shift of spectral

line. Equation (4.1.4) does not means that the photon in gravity field
exceeds the speed of light in vacuum, it means that its direction changes due
to curve of space time, but since there is a gravity spectral line shift that
means its frequency change due to equation (4. 1.8), but we now that in the
electromagnetic spectrum all waves have a constant velocity equal to speed
of light and their frequencies vary depends on their wave lengths, if the
frequency high that means its wave length short to stand the speed constant
where C = vA, but equation (4. 1. 8) that described well the gravity red shift,
not in this model but in any success model that describe the effect of gravity
for the line spectral like general relativity and others, there is no change in
the wave length, the effect only in the frequency, the frequency increased but
the wave length does not change, in the view of equation (4.1.4), and
(4.1.8) we conclude that if we take the space-time in not Euclidean that
means the addition energy is stored temporary in the increasing of frequency,
but if we assumed that the gravity field curve the space-time that means the
beam light passes throw curved line to pass this addition energy due gravity
field, or one can say the beam light have potential energy.

Estimate gooln Strong Gravity Field For Photon In GSR Model

As we shown in chapter three in equations (3.3.9), and (3.5.17) that g,
in strong field goes to that in weak field easily, we search here for general
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form of g,, by using simple mathematics that describe the effect of gravity
field on the time coordinate for photon. Let’s recall equation (4. 1.4) that

2¢
Corp = C? (1 + F) (4.2.1)

The term (1 +2C—(f) equivalence to goo, Which derived from weak field
approximation. If we assumed that its approximated from a general nonlinear
form, so one can start with this formula of Taylor series
2¢
Corp =C*eC*  (4.2.2)

Now let’s do simple operation by multiply by f where i = v —1, yields

2¢i
C%p=C?eic® (4.2.3)

Now let

20 20¢i
Corp = C%e"®  (4.2.5)

By using Euler identity, that

Corp = C?e"® = C?(cosf +isinf) (4.2.6)
Substitute (4.2.4) in (4.2.6) to get

2¢ 2¢pi
Cesz =C? (cos 9(— ) + Lsm(—ﬂ ) 4.2.7)
Since cos(—6) = cos @, and sin(—H) = —sin @ that yields
2 2t
Ceff C (cos( ) — lsm( ) (4.2.8)

We have the identical
sinif = isinh@ & cosif = coshf (4.2.9)
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2¢ 2¢
L2 :
wCopp = C? (COSh(Cz) + smh(C2 ) (4.2.10)

In view of equation (4.2.1 —4.2.10), it seems that g,, in strong field

gravity takes the formula
200 20
Joo = cosh(ﬁ) + smh(ﬁ) (4.2.11)
It is true for any value of zc—f, even near horizon of black hole. For Zc—f K1it

becomes (1 + Zc—f)

1 flp)
35+

2.5¢
1.5+

0.51

20/C"2
14 15 16 17 18 19

01 02 03 04 05 06 07

O o vt ek
This curve show that g,, how change in weak field approximation in
equation (3.4.12) vs strong field derived in equation (4.2.11). thus, gyoin
weak field nearly linear function while in strong field is nonlinear. We prove
that in equations (3.5.17 — 3.5.27) strong field metric goes to weak field
metric in GSR for weak field according to equation (3.5.12). one can
generalize the metric tensor of GSR that describe free fall according to
(4.2.11),and (3.5.17) as
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-1 -2

2 2 2 2
ds? = (cosh(C—('g) + sinh(C—('g ) C%dt? — (cosh(C—f) + sinh(C—f ) dx? (4.2.12)

And therefor

cosh( )+smh( )

y = (4.2.13)

Jcosh( —5) + smh( )
Equation (4.2.13) can go to equation (3.5.13) by using Taylor series

representation, that are

2n+1 x3 x5

51nhx—z(2n+1)l—x+§+§+ - forallx (4.2.14)

4

b
coshx—z:2 '_1+_+Z+ - forallx (4.2.15)

So equation (4. 2.13) goes to be

20, 204 3 (2P\s
(CZ) (Cz) 24) ( ) (Cz)
1+ + + o+ (55) + + i+
y = 2()02! 4! (CZ) 3' 2g05! (4.2.16)
(Z2)? ( )4 ( )3 (Z2)°
\/1+ G+ (cz) +5 +"'_Z_z

For weak field all terms that bigger than €2 can be neglected, so equation
(4.2.16) become

Yoo

v? - v?
\/1+( )—ﬁ \/goo_ﬁ
And this is the same equation (3.5.13) that related to equation (3.4.12)

y = (4.2.17)

throw equation (3.5.12) as we shown in chapter three. So this led us to say
that equation (4.2.12) is general form of space-time metric that describe
GSR for free falling.
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4.3.

Using of GSR in Strong Gravity Field to Explain the Dark
Energy & Expanding of Universe)

As we shown in chapter three relative quantum mechanics equation by using
the factor the relative equation (3.9. 1) that gives us the quantum formula in
equation (3.9.10). now let’s start with equation (4.2.13) and then the

relative energy become

myC? (cosh( ) + si nh( ))

E =myC?% = (4.3.1)
\/cosh( —=) + smh(Cz)
Let’s for simplify denotes to (C—f) =1, S0
myC?(coshn + sinh
E = myC?y = — (coshn 7’2) (4.3.2)
\/coshn + sinhn — %
With aid of some calculation equation (4. 3. 2) becomes
myC?(coshn + sinh
_ 0C*( Ui n) (4.3.3)
JE2(coshn + sinhn) — p2C2
Then
E?(coshn + sinhn) — p2C? = m3C*(coshn + sinhn)? (4.3.4)
pZCZ
s~ E2 = miC*(coshn + sinhn) + (4.3.5)

(coshn + sinhn)
Now, let’s substitute the operation of p?, and E?, since p? = —h?V?, E?= —
2
h? % yields
0% C?h?Vv?

—h?— = mzC*(coshn + sinhn) —

Y (4.3.6)

(coshn + sinhn)
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Now let’s assume that coshn = |0 coshr)| =I, & sinhp=
0 Uy bined of matri ify that. H
sinhyn 0= or any combined of matrixes verify that. However,
equation (4. 3. 6) can be written as
aZ 21272
—h? — =m§C*(I, +I) — 4.3.7
h atz mOC (C+ S) (IC+IS) ( 3 )
That yields
(I. + 1) 02 m3C?
T ap- w2 (I.+1)*>—V? (4.3.8)
In Dirac notation
U+ L) 02 _ , mgC? S
=5 PO D) + VWD) - —5= U+ [2PED) =0 (4.3.9)

Now let’s calculate equation (4. 3.9) for particle with mass only, that

<(1C + 1) 92

22
T F))) + <";L°—ZC (I + I)?|P(, f))) =0 (4.3.10)

This can be simplifying as
2 ZCZ

(L +1) <i WL F) + 2 (L + 1)|W(t, r))) 0 (4.3.11)

C?0t?

So since (I, + 1) # 0, that means

1 92 mZCZ
(ﬁatz ¥, 1) + —— (I, + 1) |¥(t, r))) 0 (4.3.12)

Equation (4. 3.12) can be written as

10 C 10 C
(G H i VAT ) (gaz — i VU +19) ) [¥(ED) =0 (4.3.13)

We have here two solutions where

i
|P(t, ) = e FPTEY  (4.3.14)
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e Firstif

10
(mﬂmh VU +1D) W) =0 (43.15)

That yields
i mcm_o (4.3.16)
hC h
So
E=—JU +1)myC? (4.3.17)
e Second

10
(Eﬁ_lmfi NI +1)) W(tD)=0 (4.3.18)
Then
(. +1,) meC?  (4.3.19)

These two solution denote to matter and anti-matter in gravity field. We now
that from equation (4.2.14,4.2.15)

JU + 1) = 1+(Zc—f) (4.3.20)

This gives the energy of matter equal to

E= ’1+( 5) moC? = <1+(%>m062=m062+m0<p (4.3.21)

And the energy of anti-matter equal to
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/ 2¢ ®

=-myC? —myp (4.3.22)
And the different of energy equal to
AE = 2myC? + 2myp  (4.3.23)

And if the matter bumped into anti-matter they should eliminate each other,
this verified by the sum of equations (4.3.21) to (4.3.22), yields

E.+E_.=myC?+myp —myC:—myp =0 (4.3.24)

Equation (4. 3.24) gives big mystery problem in physics, since the theories
of evolutionary the universe say that there is equal amount in the beginning
of the Bing bang from matter and anti-matter, and they should have
eliminated each other, so how are there a matter in the universe, unless the
matter were very much than anti-matter in the beginning of Bing bang, this
big mystery remains unsolved, no such theory can explain this yet. But we
will give some good ideas to solve this mystery after solving the mystery of
dark energy, so now let’s back to equation (4.3.9) and we will have to
solved for massless particle like photons. Equation (4.3.9) for massless

particle becomes

(I + 1) 0°
C2 0t?

®(t,7) — V2 |¥(,D) =0 (4.3.25)

So that lead us to

( I +1)a V) <\/<Ic +1) 8

cC ot C §+V>|‘P(tf)>=0 (4.3.26)
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Equation (4.3.26) have two solutions where here
|W(t, 1)) = e iKT-0D (4 3,27)

e First solution, if

(%% _ v) WD) =0 (4.3.28)
Then
(—V(ICCHS) iw + iK) 0 (4.3.29)
Then
KC
W= (4.3.30)

Ve +15)

e Second solution if

U@+ma

-+ v) ¥(D))=0 (4.3.31)

C
Then
VU, +1
(% iw — iK) =0 (4.3.32)
That gives
KC
w=—+—— (4.3.33)

Ve +15)
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These two solution denote to massless particle and anti-massless particles in
gravity field. now from equation (4.2.14,4.2.15), equation (4.3.30)

becomes
KC K
w=—— = —KC(1—%) - —kC+22  (4.3.34)
1+ (F)
Also equation (4. 3.33) becomes
KC K
w=—=—==KC(1 —%) —KC--2  (4.3.35)
,/1 +(72)
And the different of energy equal to
Ko
Aw = 2KC — ZT (4.3.36)
And since
pe

AE = hdw = 2pC —2-—  (4.3.37)

And if the massless particle bumped into anti-massless particle they should
eliminate each other, this verified by the sum of equations (4.3.34) to
(4.3.35), yields

Ko Ko
w++a)_EE++E_=KC—T—KC+T=O (4.3.38)

Since we assumed that

@ =—ax (4.3.39)

69



So for particle have mass
AE = 2myC? — 2mgyax  (4.3.40)
And for massless particle

AE = 2pC + 2% (4.3.41)
Actually this is interested result, which means that the accelerated particle for
constant acceleration the energy gap is decreasing, so if we accelerate particle
the gap between particle and anti-particle decreasing and this related to the
increasing of probability to eliminate each other, while for accelerate
massless particle the energy gap increasing and this related to decreasing of
probability to eliminate each other. This maybe the key to explanation the
mystery of dark energy and the addition amount of matter that does not
disappear. So let’s drop that to the Bing bang theory, which said that when
the singularity expanding, that contains all the energy in our universe, it
expanding with high acceleration and it is just pure energy, none of any
familiar particles were made, just a huge amount of energy expanding, so in
view of equation (4.3.41) the energy gap increasing very much and the
probability of interaction between massless and anti-massless very low, after
a few time when the universe become cold to create the particle with mass
and anti-mass the gap energy is very high between mass and anti-mass, so
every one of these evaluated alone and create two kind of matter that energy
gap between them very high and there is small probability to interacting with
each other. So this equation predicts that a huge amount of anti-matter but in
high level of energy, and to reach that gap we need to accelerate the particle
according to equation (4.3.40) for very long distance to decrease the gab

energy. Also in other view equation (4. 3. 40) deals with the pair production,
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that accelerate matter and anti-matter when they interacting they produce
energy less than double relative energy zero by (—2mgyax). While there is no
evidence for an anti-massless particle but one can relate its negative energy
to the dark energy which causes the expanding of universe, thus we can
assume the dark matter as the anti-massless particle. One can calculate its
field from equation (4.3.34)

Ko
w_ = —KC +T (4-34-2)
And
w_C + KC?
) =T (4.3.43)

It is clearly that from equations (4. 3.34, 4. 3.35) the massless particle and
anti-massless particle interacting with different way in gravity field, while
massless like photon in gravity field its direction change to the source of
gravity the anti-mass less does the same against the gravity source, so the
curvature for photon (massless) is positive but for anti-massless is negative,
this also another explanation for the expanding the universe due to existence
of anti-mass particle. We treat here the case just for gravity field, it is one of
four fundamental forces, so if we consider the other fields that decreasing the
gap energy between matter and anti-matter, but massless and anti-massless

they interacting fundamentally with gravity field force.
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Chapter five
Discussion and Conclusion

5.1 Discussion

In the weak gravity field, the equivalence principle between inertia and
gravity mass already verified, in view of equations (3.2.5) to equation
(3.2.16) we found that the principle of equivalence in strong gravity field
still standing according to equation (2.15.1.20). this means GSR is follow
the equivalence principle in weak and strong gravity fields. For photon
(massless particle) the effect of gravity field is due to curvature of space-time
according to equation (3.7.19), which means the field deform the space-
time in GSR frame work, that make Lorentz transformation take the form of
equation (3.7.54). GSR and Savickas model are related to each other in
terms of equation (3. 5. 12). this was done in chapter three section six, but it
seems GSR more general than Savickas model. Also equation (3.8.9) deals
with the relation between velocity of accelerated particle that its initial
velocity was constant and it gives two times increasing of the factor 2¢. This
can be in general ideas to calculate the perihelion advance of Mercury to exact
value that was calculated from GR from Schortizshield solution. Where
historical, first calculate of perihelion and photon geodesic by Einstein was
two time less than the correct answer that given by Einstein himself after he
formed the last formula of GR, so this can be calculate by equation (3.8.9)
also. The metric tensor of GSR in weak gravity field in equation (3.4.11) is
the same matric used by Einstein to give the first value for perihelion of
Mercury, which it did not give the exact value, so one can use the general
form of metric tensor for GSR in equation (3.5.17) and (4.2.12) to

calculate more accurate value for perihelion of Mercury.
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The results of inserting weak GSR tensor to Schrodinger equation gives two
solutions for mass and anti-mass as expected, and two solutions for massless
and anti-massless particle as usually expected. The interesting results the we
obtained when we apply GSR in strong gravity field equation (4.3.9) to
Schrodinger equation, in the first two solutions for mass particle and anti-
mass particle the energy level was shifted both for them in same direction,
but the most amazing results that for the two solutions for massless and anti-
massless particle, we found that massless (like photons, gluons, and
gravitons) particle interacting with gravity by changing their geodesic around
the source of gravity, while anti-massless interacting with changing their
geodesic opposite to the source of gravity, which means it have negative
energy that not attracted but repulsion with the gravity field, this can be seen
in equation (4.3.34) and (4.3.35). this behavior of anti-mass particle in
strong gravity field maybe explain for negative energy (dark energy) that
work against gravitation and causes the expanding of the universe. In the GR
equation the universe is expanding, but Einstein refuse that and he but correct
term called A to make the universe stable, later after the observations of
Edwin Halley that universe actually expanding, Einstein say that he had a big
mistake by adding this term, but according to all visible matter the universe
should not expanding unless there is a negative energy did that, so again A
returns to give meaning of the negative dark energy, so in view of equation
(4.3. 34) shows that GR describe the behavior of mass and anti-mass particle
and massless particle but it does not describe the behavior of anti-mass
particle in gravity field. So by combing of GSR in quantum mechanics we
found that from solutions that anti-massless particle maybe one reasons of
expanding the universe. Also the equations give way to produce
spontaneously the mass and anti-mass just by accelerate the mass to
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5.2

5.3

decreasing the gab energy between mass and anti-mass particle, that actually
one of the mains ways used in the accelerator like CERN to produce the anti-
mass particle by accelerate the particle, so to produce the anti-massless
particle we need a field gravity accelerator to accelerate the massless into
high amount of gravitation field. This can be happening near black hole when
the massless (photon) trapped in orbital around the black hole, so should
produce anti-massless with negative energy repulsing from the field black
hole, this can be related to Hawking’ radiation [31,32].

Conclusion

Quantum mechanics with frame work of GSR in weak and strong field can be
the first step to form quantum gravity theory. It gives an excellent explanations
and expectations for many phenomena, which means that GR and GSR is not
with conflict in principle with the quantum theory.

Recommendation

1. The use of GSR with quantum mechanics needs more study in the field of
Dirac quantum formula to include the particle with spin %

2. The metric tensor in strong field derived from GSR needs more
investigations. It can be used to calculate the perihelion of plants as
Schortizshield solutions.

3. That anti-massless particles that accelerated with strong gravity field near
black holes needs more concentrating, it may be the key to explain the dark

energy and dark matter and expanding the universe.
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