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Unification of SR and GR and Four Fundamental
Interactions in RAF Theory

Branko M. Novakovic

Abstract- As we know, there exists requirement for
unification of Special Relativity (SR) and General Relativity
(GR) into one self-consistent theory. On the other side, there
also exists requirement for unification of four fundamental
interactions in the standard four dimensions (4D). Recently, it
has been developed a new Relativistic Alpha Field Theory
(RAFT or RAF theory) that can be used for the mentioned
unifications. Namely, in RAF theory it has been introduced an
alpha field as the function of two dimensionless field parameters
a and a'. These parameters are the functions of the normalized
potential energy of a particle in an alpha field. If there no
potentials, then field parameters « and &’ become equal to unity,
and all items in GR are transformed into the related items in
SR. Thus, RAF theory unifiess SR and GR into one
self-consistent theory. Further, the fact that field parameters a
and a' are the functions of the normalized potential energy of a
particle in an alpha field opens ability to unify all fundamental
interactions in the standard four dimensions (4D). Here it has
been shown that RAF theory is the adequate candidate for the
unification of the four fundamental interactions in standard 4D,
because it extends the applications of GR to the extremely
strong gravitational field, including of the Planck’s scale.

Index Terms- Relativistic Alpha Field Theory (RAFT),
Determination of field parameters, Unification of SR and GR,
Unification of four fundamental forces

|. INTRODUCTION

In the today’s physics we have three self-consistent,
relatively successful, theories: Special Relativity (SR),
General Relativity (GR) and Quantum Mechanics (QM).
Meanwhile, there exists requirement for unification of those
three theories into one self-consistent theory. The first step
could be the unification of SR and GR into one self-consistent
theory. On the other side, there also exists requirement for
unification of four fundamental interactions in the standard
four dimensions (4D).

For unification of gravity interaction with the other tree
fundamental interactions (weak, strong and electromagnetic),
one can use the following two possibilities [1-6]: a) trying to
describe gravity as a gauge theory, or b) trying to describe
gauge theories as gravity. The first possibility (a) has attracted
a lot of attention, but because of the known difficulties, this
approach set gravity apart from the standard gauge theories.
The second possibility (b) is much more radical. The initial
idea has been proposed by Kaluza-Klein theory [7, 8], which
today has many variations [9-14], and takes the place in the
modern theories like high energy physics (supergravity
[15-17] and string theories [18-28]). These theories use five
or more extra dimensions with the related dimensional
reduction to the four dimensions. Meanwhile, we do not
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know the answers to some questions like: can we take the
extra dimensions as a real, or as mathematical devices?

Recently, it has been developed a new Relativistic Alpha
Field Theory (RAFT) [29-31] that could be used for the
unification of SR end GR, as well as, for unification of four
fundamental interactions in the standard four dimensions
(4D). This unification is based on the geometric approach.
Namely, in RAF theory it has been introduced an alpha field
as the function of two dimensionless field parameters a and
a'. Those parameters are the functions of the normalized
potential energy of a particle in an alpha field. If there no
potentials, then field parameters a and o’ become equal to
unity, and all items in GR are transformed into related items
in SR. On that way, RAF theory unifies SR and GR into one
self-consistent theory.

Further, the fact that field parameters o and o' are
dimensionless functions of the normalized potential energy of
a particle in an alpha field opens ability to unify all
fundamental interactions in the standard four dimensions
(4D). This unification is based on the normalized potential
energy level. We know that there exists successful unification
of three fundamental interactions (electromagnetic, weak and
strong). But, problem is with unification of the mentioned
interaction with gravitational interaction. As it is well known
[1-6], GR cannot be applied to the extremely strong
gravitational field including Planck’s scale, because of the
related singularity. Here we present that Relativistic Alpha
Field (RAF) theory can be used for the unification of all
fundamental interactions in the standard four dimensions
(4D). Namely, RAF theory extends the applications of GR to
the extremely strong gravitational field, including the
Planck’s scale [29-31]. Therefore, RAF theory is the adequate
candidate for the mentioned unification of four fundamental
forces in standard four dimensions (4D). This is the
consequence of the following predictions of RAF theory: a)
no a singularity at the Schwarzschild radius and b) there
exists a minimal radius at r = (GM/2c?) that prevents
singularity at r = 0, i.e. the nature protects itself. Predictions
a) and b) are presented in the second part of this theory [30].
Since, Quantum Mechanics (QM) is also regular at the
Planck’s scale, the possibility of the future unification of GR
and QM is also open. One possibility of this unification is
presented in the article Quantum Gravity in Relativistic
Alpha Field Theory (QG in RAFT) [32].

In order to determine the field parameters o and o', we
started with the derivation of the relative velocity of a particle

in an alpha field, v, . This relative velocity is derived from

the line element in an alpha field given by the nondiagonal
form with the Riemannian metrics. Thus, the relative velocity

of a particle in an alpha field, V, , is described as the function
of the field parameters a and «’ and a particle velocityV in
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the total vacuum (without any potential field). This structure
of the relative velocity V,, directly connects the line elements
of the SR and GR. Namely, in the case of the total vacuum
(without any potential field), field parameters a and a’
become equal to unity and, consequently, the relative
velocity V, becomes equal to the particle velocityV in the
total vacuum. This is the transformation of the line element
from the GR to the SR.

This paper is organized as follows. In Sec. Il, we show
derivation of the relative velocity of a particle in an alpha
field v, as the function of the field parameters o and o'
Derivation of the field parameters o and «' in a general form,
as the function of the normalized potential energy U is
presented in Sec. 1. Solution of field parameters in unified
field has been described in sec. IV. Solution of field
parameters in gravitational field is present in Sec. V. The
solution of the field parameters o and o' in the unified
electrical and gravitational field is pointed out in Sec. VI.
Finally, the related conclusion and the reference list are
presented in Sec. VIl and Sec. VIII, respectively.

Il. DERIVATION OF RELATIVE VELOCITY V,

The basic problem of this paper is to determine the field
parameters o and o' of a particle in the unified four
fundamental fields. The first step in this determination is the
derivation of the relative velocity of a particle in an alpha

field, v .
Proposition 1. If the line element in an alpha field is

defined by the nondiagonal form with the Riemannian
metrics [33-36]

ds? = —ao'c?dt? - k(o oc')X cdt dt

! !
-x(a-a )y cdtdy —x(a—a'), cdtdz
2 2 2 @
+dx° +dy“ +dz°,
then the relative velocity of a particle in an alpha field, v, ,
can be described as the function of the field parameters a and

@)

In the previous equation Vv is a particle velocity in the total
vacuum (without any potential field), ¢ is the speed of the
light in a vacuum and K is a constant determined by the
equations (11) and (20).

Proof if the Proposition 1. The line element, given by (1),
can be transformed into the new form

k(a—a') cdx x(a—a') cdy
oo’ + ( 5 )X + ( 5 )y
codt codt
k(a-a'),cdz  dx®  dy?  dz?
c2dt c’dt®  c’dt?  c?dt?
3)

Now, we introduce the following substitutions into (3):
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ds? = —c2dt?

+

27

SV
Codtt Y dtt 7 dt
VvV =V K(a—a') cv, +K(oc—oc’)ycvy 4)

+x(o— OL’)Z cv, =x(a—a')ev.

Applying the substitutions (4) to the relation (3) we obtain the
new form of the line element as the function of the particle
velocity, Vv, and alpha field parameters o and o’
2 '

Y K(oa—a )CV
_Q] ®)

c? c?

The related line element, valid in the Special Relativity, can
be obtained from equation (5) by putting a.= o’ =1. This is the
transformation of the line element from the General
Relativity to the Special Relativity

2
ds® = — c?dt? [1—\/—2}. (6)
c

The relations (5) and (6) confirm unification of SR and GR on
the line elements level. Thus, the form invariant relation of
the line element in an alpha field should have the form

2
ds? = — c2dt? (1— V—‘;J @

ds? = — c?dt? [oca'

C
In the equation (6) we have relative velocity V for particle
motion in vacuum (without any potential field). In the
equation (7) we have relative velocity v,, for particle motion

in an alpha field. Using the identification between equations
(5) and (7) we obtain the following relations:

2 ' 2
ve k(a—a')ev v
(1(1’——4'#:1——0', -
2 2 2
C C C
) ) , @)
Vs , v2 k(a—a)ev
— =l-aa'+— 5
c C c

Now, we can employ the assumption of the particle
velocity, v, , given by (2)

VQ:V—K(OL_OU)C,
2 9)
Vﬁ vZ k(o-a)ev Kz(a—a’)z
2 2" 2t
cc C c 4

It follows the comparison between the second relations in (8)
and (9) that results by the following identity

, V2 ok(a-a)ev v k(a—a)ev

1-oo t T 2 T2 2
c c c c

, ) , ) (10)

Kk (a—a' K (a—a'
+—( ) , = 1—a(x':—( )
4 4

The last relation in (10) can be transformed into the simplest
form that gives the very important relation between the field

parameters o and o
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(1)

a+ao 2
( j 1
2

From (11) we obtain the definition of the constant x and
direct relation between field parameters a and o’. This
relation will be employed in the process of the determination
of the field parameters o and « .

Following the previous consideration, we can conclude that
the equation (2) describes the relative velocity of a particle in
an alpha field v, if the conditions given by (11) are satisfied:

V(x =V _M , if

N2
and (OHOLJ =1.
2

On that way, the proof of the proposition 1 is finished.

Proposition 2. The last relation in (12) satisfies the
well-known condition [1, 2, 34-36] for the metric tensor of
the line element (1)

(- det(g,,)=1

Proof of the Proposition 2. The general Riemannian line
element [34] can be introduced by the following expression

i =1, k=%l
(12)

(13)

2
ds? = gog (dxo) + 204, dXdx! + 2g,, dx°dx?
04,3 1\? 2\? 3)2
+20gz dx dx +g11(dx ) +gzz(dx ) +g33(dx ) .
(14)
Here g, are the related metric tensor components of the
Riemannian manifold. Using comparison of the equations (1)
and (14), we can conclude that non-null components of the

metric tensor g in the line element (1) are determined by the
following relations:

, —K(a-a'),
Qoo =—aa, 901:9102bx=f1
gy =b _Kleza), “1 g, =1 (15
Go2 =920 =0y = 5 v Gu1=1 O =14,
~ _b _—K(OL—OL')Z 9
Oz = U3 = =T, 033 =1

Following the relations (14) and (15), the general form of the
line element (1) can also be presented by the new expression

2
ds” = oot (cx® ) + 20, bl + 2, X’
(16)
2 2 2
+ 2, X + (x| (@ )+ (%)
Comparing (1) and (16) we can conclude that the related

contravariant coordinates of the line elements (1) and (16) are
determined by the relations:

dx® =cdt, dx' =dx, dx? =dy, dx® =dz. 17)
From the relations (15) an (16) one can derive a matrix

expression of the components of the general covariant metric
tensor g, in an alpha field
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—oa by by b,
b, 1 0 0

_ . (8

on]=| o o 1 o
b, O 0 1

This metric tensor is symmetric and has ten non-zero
elements, as we expected that should be. The matrix
expression of the metric tensor (18) is nondiagonal and
belongs to the well-known Riemannian metrics [34].
Therefore, the related line element (1) is also called a
nondiagonal line element. In the case of vacuum, field
parameters a = o’ = 1 and metric tensor (18) is transformed
into the well-known metric tensor in SR

[nw]=diag[—1 1 1 1] (18a)

The relations (18) and (18a) confirm unification of SR and
GR on the metric tensor level. The determinant and the trace
of the matrix (18) are presented by the relations:

’ 2 !

det[gw} :—(ococ +b ), Tr [gu\,} =3-oaa',
2_ 12,12, 12
b =b; + by +b;.

Now, we recall the well-known condition (13) that should

be satisfied by any metric tensor [1,34, 35]. Including the

determinant (19) into the condition (13) we obtain the
important relation between field parameters e and «':

2
\/—det[gw] =\/ococ’+b2 =\/aa'+M -1,

4
N\ 2
K2=1, - (“*“j -1,
2
(20)

On that way, the proof of the proposition 2 is finished. The
condition (20) is also satisfied for « = ¢’ = 1 that is related to
the particle motion in a total vacuum (without any potential
field). This case belongs to the Special Theory of Relativity.

(19)

Proposition 3. Let dt and dt are differentials of the proper
time and coordinate time of the moving particle, respectively.
Further, let H is a transformation factor, as an invariant of an
alpha field, and v, is a particle velocity in that field given by
(2). For that case, the transformation factor H has the
following form

-1/2 -1/2
2 2 '
— cv
H——dtz[l——v“] :[(xoc'——v pXlozalev J .

dr CZ C2 C2

(21)

Proof of the Proposition 3. In order to prove the relation
(21) we can start with the usual definition of the differential
of proper time dt

2 2
- 1 1
=" L g e Ly
c H dr ds
(22)
Applying the line element (5) to the second relation in (22),
we obtain the second form of the transformation factor H

given by (21)
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dt C2 C2

On the other hand, employing the identification given in the
first relation in (8), one obtains the first form of the
transformation factor H given by (21)

dt V2 -1/2
H=—=|1--2%| .

The first relation in (8) also shows that the first and the
second form of the transformation factor H are equal each to
the other.

Following the equations (23) and (24) we can conclude that
the proposition 3 is proved. Furthermore, if a particle is
moving in a total vacuum (without any potential field), then
we have = o' =1, and the relation (21) is transformed into
the transformation factor y valid in the Special Relativity

dt 2\ M dt
aza':l,aH:—:[l—V—] =y=

dt v k(a—a')ev e
He ol gl g 2222 23)

(24)

c? dt*’ (25)

— dr=dt'.
Relations (21) and (25) confirm unification of SR and GR on
the transformation factor level.

I11. SOLUTION OF THE FIELD PARAMETERS

Proposition 4. Let my is a rest mass of a particle, U is a
potential energy of a particle in an alpha field, c is, as usual,
the speed of the light in a vacuum and (i) is an imaginary
unit. In that case the field parameters o and «' can be
described as dimensionless (unitless) functions of the
normalized potential energy U of a particle in an alpha field.
There are four solutions for both parameters o and ' in an
alpha field that can be presented by the following relations:

2
f(U)=2U/m0c2+(U/m0c2) —a,=1+i T(U)
ay=1-iJTU) , ay=1-iT(U) , o, =1+iT(U),
g =—1+iT(U), oy =—1-i /T(U),
oy =—1-iJT(U), oy ==1+i JT(0).

(26)

Proof of the Proposition 4. Because there are two field
parameters, o and o', we have to find out two equations for
solution of these parameters. At the first, the field parameters
a and a'should satisfy the condition given by (20)

N2
af—det[gw] :\/ococ'+K2(aT_a) =1, >

(27)

From the equation (11) we know that parameter k == 1. Thus,
we can substitute this identity into the last relation in (27). In
that case we obtain the following relation
2 "2 2 N2
K (a—a a—o o+o
(a-of . (a-a) "
4 4 2

oo’ +

(28)
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Following (27) and (28) we can conclude that the well-known
condition for the metric tensors given by (13) is transformed
into the useful relation between field parameters « and o' that
should be satisfied:

a+ao

=+1, - a=t2-a'. (29)

Using the multiplication of the last relation in (29) by field
parameter o one obtains the following quadratic equation

a®F2a+00 =0, (30)
This is the first equation that will be employed in the process
of determination of the field parameters o and o'.

The second equation should connect the field parameters «
and ' with the potential energy of a particle in an alpha field.
In that sense, we can employ the related covariant energy
equation E. for a particle with rest mass mq. In order to
determine the covariant energy equation E., we can start with
the components of the covariant four-momentum vector:

Pp :gHVPV! “’V:0,1,2,3, —>
P =—ococ'P0+bXP1+byP2+bzp3, pl:bXPOJrPl’
P, =b,P®+P?, Py =b,P®+P?,

PO = Hmyc, P! = Hmev!, P? = Hmyv?, P® = Hmyv2.
@31
Here P are the components of the contravariant
four-momentum vector and H is given by (21). The covariant
energy equation E; in an alpha field can be derived by using
the following relations:

-E
R=—CY, - E,=—PRc=ao'P%-bPc
¢ (32)
2 3
—b,P“c-b,Pc.
Now, we can substitute the contravariant momentums P”
from (31) and parameters (b, by, b;) from (15) into (32). As

the result, we obtain the covariant energy equation E, valid
for an alpha field:

Hmyk (oo —a')cv
E, = Hmgawo'c? + 0(2 ) :

) o, ~1/2
H:[(w,_v_+MJ |

(33)

c? c?

From (33) we can see that the covariant energy equation E; is
in the linear form. The same equation has also been obtained
by separately derivation of the generalized relativistic
Hamiltonian, A, = E., in an alpha field [37]. The related

nonlinear equation of E; can be obtained by applying of the
square operation to the relation (33) (see [37]):

E2
—% —P?=qo'myc?, P =Hmgy,

C

izi_ Lz—m CZ (33a)

Jao! c? Joa! o

2
Ef:a,%: Pfa%_fz%f.
oo oo c
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Here E, and P, are the extended covariant energy and

extended momentum, respectively. The equations in (33a) are
form-invariant to the related equations in Special Relativity.
In the case of vacuum (without any potential field), field
parameters o= a’=1 and the relations in (33) are transformed
into the equations valid in the Special Relativity:

c

Relations (33), (33a) and (33b) confirm unification of SR and
GR on the covariant energy equation level.

Now we assume that a particle is standing in an alpha
field. For that case, a particle velocity is equal to zero (v=0)
and the relations in (33) are transformed into the following
equations:

-1/2
2
\'
E,=ymec®, H —>y=(1——2j . (33b)

1
%
oo’ (34)

H=

v=0 — E = Hmoococ’cz,

E. =myc®Jao'.
On the other hand, we know that the energy of the particle
with rest mass mg standing in a potential field (v=0) is

equal to the sum of the rest mass energy moc? and the related
potential energy U of the particle in that field [37-39]

E, =myc? +U =myc? (1+ J 2]. (35)
meC

Comparing the relations (34) and (35), we can recognize the
following identity:

2
Joa ! =(1+ v 2] - ococ’z(l+ v Zj . (36)
myC myC
This is the second equation that will be employed in the
process of determination of the field parameters o and o'. By
the inclusion of the second relation in (36) into (30) we obtain
the quadratic equation in the following form

2
o F20+|1+ U2 =0.
MyC

This quadratic equation can be split into the two related
quadratic equations:

2 2
o —20+|1+ U2 =O,oc2+20c+ 1+ U2 =0.
moC moC

(38)
The first quadratic relation in (38) gives the first two
solutions of the field parameter a; and oy, while the second
quadratic relation in (38) gives the next two solutions of the
field parameter o3 and ay:

@37)

2
arp -1 |24 YT
’ MoC MoC
39
2U u ’ -
OL34=—1ii 2+ > .
’ MoC MoC

The related four solutions of the field parameter «’ can be
obtained by the substitution of the parameters a from (39)
into the last relation in (29):
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2
| U
(1,1'2 =1+| 2 + —2 y
myC myC

2
, |2 U
o 34 = —1—|- | 2 + —2
myC myC

(40)

Thus, the four solutions of the field parameters o and ' can
be obtained by the unification of the two parameter structures
given by (39) and (40):

2
f(U)=20/mec® +(U / mc®)", -

a, =141 JTU) |, a4, =171 [F(U),
aze =—1%i JT(U), o3, =—15i JF(U).

Because the relations in (41) are equal to the relations in (26),
we conclude that the proposition 4 is proved.
Further, it is easy to prove that all o;o'; pairs from (41)

satisfy the relation (36) giving an invariant ovo.’
U
myc?
For calculation some of the quantities in an alpha field we
often need to know the difference of the field parameters

(o-a"):
o —ay=2if(U), a,-a,=-2iJf(U),
ag—a'3=2i4f(U), a,-a,=-2if(U), 43)

(g —a'p)=(az—a'3), (a;—0a)=(0y—0a'y)

The obtained relations in (41), (42) and (43) are valid
generally and for their calculation we only need to know
potential energy U of the particle in the related potential field.

Remarks 1. From the equations (41), (42) and (43) we can
see that there are three very important properties of the
solutions of the field parameters a and a": a) parameters o and
o' are dimensionless (unitless) field parameters, b) there are
four solutions of the field parameters a and «' that reminds us
to the Dirac’s theory [38], and c) the quantity aa’ is an
invariant related to the four solutions of the field parameters «
and a".

(41)

2
o;a; =(1+ ] =oa’, i=1234. (42)

IV. SOLUTION OF THE FIELD PARAMETERS IN UNIFIED FIELD

When two protons meet each other in a space-time, they
experience all four of the fundamental forces of nature
simultaneously. Thus, if protons are present in a unified field,
then the potential energy U, between two protons at
distance r is described by the well-known relation [38-42]:

c2
U, =Ug +Ugy +U,, +Ug, U, :T'exp(—r/ Ri), (44)

i=e,g,w,s.
Here index i = e, g, w and s, denote potential energy in
electrical, gravitational, weak and strong interactions,
respectively, Ci% is a strength of the interaction and R; is range
of interaction in i-th field. The potential energy associated
with each force acting between two protons is characterized
by both the strength of the interaction and the range over
which the interaction takes place. In each case the strength is

www.ijntr.org



Unification of SR and GR and Four Fundamental Interactions in RAF Theory

determined by a coupling constant, and the range is
characterized by the mass my, of the exchanged particle. In
each case the interaction is due to the exchange of some
particle whose mass m,, determined the range of the
interaction, R = h/m,c, where h is Planck’s constant and ¢ is
the speed of the light in vacuum. The exchanged particle is
said to mediate the interaction.

The four solutions of the field parameters o and o’ for a
particle in a unified field can be obtained by the substitution
of the potential energy U, from (44) into the general relations
given by (41):

2
F(U,) =20,/ mc® +(U, /me?), >

0L1=l+i1[f(Uu) ’ OL'1=1—i«;f(Uu) s
ay=ay, dy=0q, og=-1+if(U,),
az=-1-iJf(U,), as=0'y, o4 =03,

2
U, << myc?, (Uu / mocz) =0, f(U,)=2U, / myc?.

(45)
Here (1) is an imaginary unit and mq is a rest mass of the
particle in a unified field. The first four lines in (45) describe
a strong unified field. If the quadric term is close to zero,
(U, / m002 )2 %0, then the field parameters (45) describe a

weak unified field. It is easy to prove that the all ao' pairs
from (45) satisfy the relations in (34), (35) and (36):

2
U U

a;o; = [1+ UZJ =aa', Jao' :[1+ ”2}
Mo C MoC

U
v=0,E;, =myc’Jaa' :mocz(1+ ~ UZ]:moc2 +U, .

oC

(46)
Here E. is the covariant energy of a particle standing (v=0)
in a unified field. The differences of the field parameters
(a-a) for a particle in a unified field have the form:

2
2uu2+ uu2 |
mec”  ( myC

2
2uuz +[ U”z]
mec” | mgc

Remarks 2. The aa' term is a quadratic function of the
potential energy of a particle in a unified field. But the related
covariant energy E. of a particle, standing (v=0) in the
unified field, is a linear function of that potential energy. This
transformation is obtained here on the natural way, without
any a priory assumption.

(o —oy)=(oz-a'3)=2i

(o -0y )=(0ay —0y ) =-2i

V. SOLUTION OF THE FIELD PARAMETERS IN GRAVITATIONAL
FIELD

If a particle with the rest mass my is in a gravitational field,

then the potential energy of the particle in that field Uy is

v/
chl?gcn
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described by the well-known
2

Cq 2
Ug =Texp(—r/ Ry ), Cg=—MeGM, Ry =00,

relation [1-6, 39-42]:

oM (48)
m

Since in a gravitational field, the mediate particle is graviton
with the mass my, = 0, the range of the interaction is infinite,
R = o0, and the related potential energy from (44) is reduced
to the relation (48). Here Vy = Ay is a scalar potential of the
gravitational field, G is the gravitational constant, M is a
gravitational mass, mq is a rest mass of the particle in that
field and r is a gravitational radius. The four solutions of the
field parameters o and o' for the particle in a gravitational
field can be obtained by the substitution of the potential
energy Uy from (48) into the general relations in (41):

i /f(Ug):—\IZGM /rcz—(GM/rc?)2 S AN
alzl—\[, (x'1=1+\[,

(13:—1—\/'-, (1'3:—14‘\/'-, (X4:(1’3, (X’4:(13,

GM <<rc2,—>(G|v| /cm)Z;O, >0 [T(Ug) =—{26M I rc?.

(49)
The first three lines in equations (49) describe a strong
gravitational field. If the quadratic term (GM / rc2)? =0

then the field parameters (49) describe a relatively weak
gravitational field as we have in our solar system. It is easy to
prove that the all aa’ pairs from (49) satisfy the relations in
(34), (35) and (36) for a particle that is standing (v=0) ina
gravitational field:

2
\/aa’z[l—%j - aa’z(l—%j,

rc rc?

=o'y, oy =0y,

(50)
myGM
v=0 — E,=myc?Jaa =myc? -
r
The differences of the field parameters (a-o') for a particle in

a gravitational field have the forms:

2
, 2GM [ GM , ,
oy — o'y =2 | =7 | ws—a'z3=(ag—aly),
rc rc
2
, 2GM [ GM , ,
(12—0LZ=2 2 - _2 y (14—()(4:((12—&2).
rc rc

(51)
Remarks 3. In the second part of RAF theory [30] it has
been shown that field parameters (49) satisfy the Einstein’s
field equations with a cosmological constant A = 0. In the
case of a strong static gravitational field [43-46,50], the

quadratic  term (GM/rC2 )2 generates the related

energy-momentum tensor T,, for the static field. For that
case, we do not need to add by hand the related
energy-momentum tensor T, on the right side of the
Einstein’s field equations.

The second interpretation could be that the quadratic term

(GM /r c? )2 generates the cosmological parameter A as a
function of a gravitational radius [47] for T,, = 0. It has been
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shown [48] that this solution of A is valid for both Planck’s
and cosmological scales.

In the case of a relatively weak static gravitational field,
like in our solar system, the field parameters (49) satisfy the
Einstein’s field equations in a vacuum (T,, = 0, A = 0). The
general metrics of the relativistic alpha field theory [33] has
been applied to the derivation of dynamic model of nanorobot
motion in multipotential field [49].

VI. SOLUTION OF THE FIELD PARAMETERS IN UNIFIED
ELECTRICAL AND GRAVITATIONAL FIELD

Let the source of the unified electrical and gravitational
fields is an object with mass M, electric point charge Q and
radius r. Thus, if a particle is an electron with a rest mass
mg and an electric charge g, then the potential energy of the
electron in the unified field, Uy, is described by the relation
[38-42]:

Ce 2
U, =Texp(—r/ R.), Cc =0qQ, R, =,

2
U =C—gexp(—r/R ), C2=-m,GM, R, =
i o) Lo oM, Rg =0,

(52)

qQ myGM
U, =Ug+Ug === ——2—— =g Ag +MyAy.

r r

Since in an electrical field and in a gravitational field, the
mediate particles are photon and graviton, respectively, with
the null masses (mp, = 0, mg= 0), the ranges of the
interactions are infinite (R = « , Ry = @), and the related
potential energy from (44) is reduced to the relation (52).
Here U, is the potential energy of a particle in an electrical
field, Uy is the potential energy of the particle in a
gravitational field, A is a scalar electric potential, Ay is a
scalar gravitational potential and G is a gravitational constant.
The potential energy function f(U,) for this unified field can
be obtained by using the following relations:

2
2U U U qQ  m,GM

f(Uy)= ”z{ uzj e mre? morc?
moC moC meC~  mgrc®  mgrc

q N Uu :GeQ_GM_Meg

Mg mec®  rc?  rc?  rc?

2
2M M
f(U,)=—% +( ezg]
rc

rc

(53)
In relation (53), parameter G.= g/mq is the Kaluza-Klein
constant [6-8], obtained here on the natural way. The four
solutions of the field parameters o and «' for the particle in the
unified electrical and gravitational field can be obtained by
the substitution of the potential energy function f(U,) from
(53) into the general relations (41):

v/
chl?gcn

Re:

2
fﬂ%):ZMwlr§+(Mw/r§),—NM:1+L/HUUL
a'y=1-if(U,) ja,=a',a'y =a;,05 =-1+1f(U,),

0‘,3 =—1—i .ff(Uu ),OL4 =OL'3,OL'4 =(X3,Meg << YCZ, —>

22 _ 2
(Meg /76%) =0, > (U, )=2Myq / r*.
(54)
Generally, relations (54) describe a strong unified field. But,
if the quadratic term is close to zero, (Mg, / rc? )2 ~0, then

the field parameters (54) describe a relatively weak unified
field. It is easy to prove that the all aa' pairs in (54) satisfy the
relations in (34), (35) and (36):

M, M
o= |1+ ezg =oa' , Jao' = 1+—ezg ,v=0,
rc rc
M myM
— E, =mycJaa' =myc? (1+ ezg‘]:moc2+u
rc r
et £ 9Q_MHGM
r r
(55)

Here E. is the covariant energy of an electron standing
(v=0) in the unified electrical and gravitational field. The
differences of the field parameters (o-o) for an electron in

this unified field have the forms:
2
2Meg Meg
T2 | ez |
rc rc

2
2Mgy (Mg
—2 T\ 2|
rc rc

(0 —a'y)=(0z-0a'3)=2i

(0~ 0p)= (g 'y )=2i

Remarks 4. In the second part of this theory [30] it has
been shown that field parameters (54) satisfy the Einstein’s
field equations without a cosmological constant (A = 0). In
the case of the strong unified field, the quadratic term

(Meg / rc? )2 generates the related energy-momentum

tensor T, of the unified field. For that case, we do not need to
add by hand the related energy-momentum tensor T, of the
unified electrical and gravitational field on the right side of
the Einstein’s field equations. In the case of a relatively weak

unified field the quadratic term (Mg / rc? )% ~0, and the

field parameters satisfy the Einstein’s field equations in a
vacuum (T,, =0, A = 0). Following this approach, the unified
energy momentum tensor and geodesics equations, with the
unified electrical and gravitational forces in 4D, are presented
in the second [30] and third [31] parts of RAF theory,
respectively.

VII. CONCLUSION

Recently developed Relativistic Alpha Field Theory
(RAFT) has been used for the unification of Special
Relativity (SR) and General Relativity (GR) into one
self-consistent theory. Further, RAF theory has also been
applied to the process of the unification of four fundamental
interactions in the standard four dimensions (4D). The both
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unifications are consequences of an introduction of field
parameters o and o’ as the functions of the normalized
potential energy of a particle in an alpha field. Thus, it has
been shown that RAF theory is the adequate candidate for the
mentioned unifications because it extends the applications of
GR to the extremely strong gravitational field, including the
Planck’s scale. Since, Quantum Mechanics (QM) is also
regular at the Planck’s scale, the possibility of the future
unification of GR and QM is also opened [32].

ACKNOWLEDGMENTS

This work is supported by grants (120-1201842-3048) from
the National Scientific Foundation of Republic of Croatia.

VIIl. REFERENCES

[1] A. Einstein, Ann. Phys. 49, 769-822 (1916).

[2] A.Einstein , The Meaning of Relativity ( Princeton Univ. Press,
Princeton , 1955).

[3] C. Sean, Spacetime and Geometry: An introduction to General
Relativiry (Amazon.com Books.htm, Hardcover, 2003).

[4] S.Weinberg, Gravitation and Cosmology: Principles and Application
of the General Theory of Relativity (Gebundene Ausgabe,
RelEspWeinberg.pdf., 1972).

[5]1 S.W.Hawking, G. F.R. Ellis, The Large Scale Structure of Space -Time
(Univ. Press, Cambridge, 1973).

[6] M. Blau, Lecture Notes on General Relativity (A. Einstein Center
for Fundamental Physics, Univ. Bern, Bern, 2012, 2014).

[7] T. Kaluza, Zum Unitéatsproblem in der Physik (Sitzungsber. Preuss.
Akad. Wiss., Berlin, 1921).

[8] O.Klein, Z. Phys. A 37,895-906 (1926).

[9] E. Witten, Nucl. Phys. B 186, 412-428 (1981).

[10] T.Appelquist, A. Chodos, and P. G. O. Freund, Modern Kaluza—Klein
Theories (Addison—Wesley, Menlo Park, Cal., 1987).

[11] M. J. Duff, Kaluza—Klein Theory in Perspective (Proc. of the
Symposium: The Oskar  Klein Centenary, World Scientific,
Singapore, 22-35, 1994).

[12] J. M. Overduin, and P. S. Wesson, Phys. Rep. 283, 303-378 (1997).

[13] P. S. Wesson, Space-Time-Matter, Modern Kaluza - Klein Theory
(World Scientific, Singapore, 1999).

[14] P.S. Wesson, Five-Dimensional Physics: Classical and Quantum
Consequences of Kaluza-Klein Cosmology (World Scientific,
Singapore, 2006).

[15] D. Z. Freedman, and A. Van Proeyen, Supergravity (Cambridge
Univ. Press, Cambridge, 2012).

[16] J.Wess, B. and A. Zumino, Phys. Lett. B 49, 52 (1974).

[17] M. K. Gaillard, and B. Zumino, Nucl. Phys. B 193, 221 (1981).

[18] M. B. Green,J. H. Schwarz, and E. Witten, Superstring Theory
(Cambridge Univ. Press, Cambridge, 1987).

[19] J. Polchinski, String Theory (Cambridge Univ. Press, Cambridge,
1998).

[20] R. Brandenberger, and C. Vafa, Nucl. Phys. B 316, 391-410 (1989).

[21] N. Arkani-Hamed, A. G. Cohen, and H. Georgi, Phys. Rev. Lett. 86,
4757 (2001).

[22] C.T.Hill, S. Pokorski, and J. Wang, Phys. Rev. D 64, 105005 (2001).

[23] C. Cshaki, G. D. Kribs, and J. Terning, Phys. Rev. D 65, 015004
(2002).

[24] E.C. Poggio, H. R. Quinn, and S. Weinberg, Phys. Rev. D 13, 1958
(1976).

[25] T.R. Taylor, and G. Veneziano, Phys. Lett. B 212, 147 (1988).

[26] H.C. Cheng, B. A. Dobrescu, and C. T. Hill, Nucl. Phys. B 573, 597
(2000).

[27] C. Cshaki, J. Erlich, C. Grojean, and G. D. Kribs, Phys. Rev. D 65,
015003 (2002).

[28] N. Arkani-Hamed, and M. Schmaltz, Phys. Rev. D 61, 033005
(2000).

[29] Novakovic, B. M.: Relativistic alpha field theory - Part I:
Determination of Field Parameters. Int. J. New Techn. Res. (IINTR),
1. 5. ID-IUNTR01050015, 23-30 (2015).

v/
N{?X‘&E(}FI

Res

33

https://doi.org/10.31871/IINTR.1.5.15

[30] Novakovic, B. M.: Relativistic alpha field theory-Part Il: Does a
Gravitational Field Could be Without Singularity? Int. J. New Techn.
Res. (UNTR), 1. 5. ID-IUNTR01050016, 31-38 (2015).
https://doi.org/10.31871/IINTR.1.5.16

[31] Novakovic, B. M.: Relativistic alpha field theory-Part Ill: Does
Gravitational Force Becomes Positive if (GM/rc?) > 1? Int. J. New
Techn. Res. (UNTR), 1. 5. ID-IUNTR01050017, 39-47 (2015).
https://doi.org/10.31871/IINTR.1.5.17

[32] Novakovic, B. M.: Quantum Gravity in Relativistic Alpha Field Theory
(QG in RAFT). Int. J. New Techn. Res. (UNTR), 4. 6. ID-
IINTR04060004, 46-51 (2018).
https://doi.org/10.31871/IINTR.4.6.4

[33] B. M. Novakovic, Int. J. of Comput. Anticip. Syst., IJCAS 27, p. 93
(2014).

[34] S. Gallot, D. Hullin, and D. J. Lafontane, Riemannian Geometry (
Springer-Verlag, Berlin, New York, ed. 3, 2004).

[35] C.T.J. Dodson, and T. Poston, Tensor Geometry. Graduate Texts in
Mathematics (Springer-Verlag, Berlin, New York, ed. 2, 1991), p. 130.

[36] M. T. Vaughin, Introduction to Mathematical Physics (Wiley-VCH
Verlag GmbH & Co., Weinheim, 2007).

[37] Novakovic, B. M.: Generalized Relativistic Hamiltonian in an Alpha
Field. AIP-CP 1303, 141-148 (2010).
https://doi.org/10.1063/1.3527149

[38] P. A. M. Dirac, Directions in Physics (Wiley, New York, 1978).

[39] J. O’Connell, Comparison of the Four Fundamental Interactions of
Physics; The Physics Teacher 36, 27 (1998).

[40]. Johns Hopkins University: Standard Model of Particles and
Interactions"”. jhu.edu. Archived from the original on March 4, 2016.
Retrieved August 18, 2016.

[41] T. Ma and S. Wang, Unified field equations coupling four forces and
principle of interaction dynamics, arXiv:1210.0448, (2012).

[42] T. Maand S. Wang, Unified field theory and principle of representation
invariance, arXiv:1212.4893; version 1 appeared in Applied
Mathematics and Optimization, DOI: 10.1007/s00245-013-9226-0,
33pp., (2012).

[43] D. H.Perkins, Introduction to High Energy Physics (Cambridge Univ.
Press, Cambridge, 2000).

[44] D. Sherman, et al., Nat. Phys. 11, 1-5 (2015).

[45] J. Steinhauer, Nat. Phys. 10, 864-869 (2014).

[46] M. Meckel, et al. Nat. Phys. 10, 594 - 600 (2014).

[47] Novakovic, B. M, Novakovic, D. B, Novakovic. A, B.: The
Cosmological Constant A is not Really Constant but the Function of a
Gravitational Radius. AIP - CP 718, 133 (2004).
https://doi.org/10.1063/1.1787318

[48] Novakovic, B. M., Novakovic, D. B., Novakovic, A. B.: Cosmological
Constant Problem Solution Valid for Both Planck’s and Cosmological
Scales. AIP-CP 839, 144-156, (2006).
https://doi.org/10.1063/1.2216624

[49] B. M. Novakovic, Strojarstvo 53 (2), 103-111 (2011).

[50] R. Ding, etal. Phys. Rev. D 92, (015008) (2015).

Branko Novakovic is a Professor
emeritus at FSB — University of
Zagreb, Croatia. Prof. Novakovic
received his PhD from the
University of Zagreb in 1978. His
research of interest includes
physics, control systems, robotics,
neural networks, and fuzzy control.
He is author of three books;
Relativistic Alpha Field Theory
(RAFT) (2016), Control Methods
in Robotics, Flexible Manufacturing Systems and Processes (1990)
and Control Systems (1985). He, also is a co-author of a book
Artificial Neural Networks (1998). He has published over 230
research papers in his research of interest.

www.ijntr.org


https://doi.org/10.31871/IJNTR.1.5.15
https://doi.org/10.31871/IJNTR.1.5.16
https://doi.org/10.31871/IJNTR.1.5.17
https://doi.org/10.31871/IJNTR.4.6.4
https://doi.org/10.1063/1.3527149
../../../../../wiki/Johns_Hopkins_University
https://web.archive.org/web/20160304133522/https:/www.pha.jhu.edu/~dfehling/particle.gif
https://web.archive.org/web/20160304133522/https:/www.pha.jhu.edu/~dfehling/particle.gif
https://web.archive.org/web/20160304133522/https:/www.pha.jhu.edu/~dfehling/particle.gif
http://www.pha.jhu.edu/~dfehling/particle.gif
https://doi.org/10.1063/1.1787318
https://doi.org/10.1063/1.2216624

