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Abstract

In the second paper on the inverse relativity model, we explained in the first
paper [1] that analyzing the four-dimensional displacement vector on space-
time according to a certain approach leads to the splitting of space-time into
positive and negative subspace-time. Here, in the second paper, we continue
to analyze each of the four-dimensional vectors of velocity, acceleration, mo-
mentum, and forces on the total space-time fabric. According to the approach
followed in the first paper. As a result, in the special case, we obtain new trans-
formations for each of the velocity, acceleration, momentum, energy, and
forces specific to each subspace-time, which are subject to the positive and
negative modified Lorentz transformations described in the first paper. Ac-
cording to these transformations, momentum remains a conserved quantity
in the positive subspace and increases in the negative subspace, while the rel-
ativistic total energy decreases in the positive subspace and increases in the
negative subspace. In the general case, we also have new types of energy-mo-
mentum tensor, one for positive subspace-time and the other for negative sub-
space-time, where the energy density decreases in positive subspace-time and
increases in negative subspace-time, and we also obtain new gravitational field
equations for each subspace-time.

Keywords

4D Velocity Vector Analysis, Positive Subspace, Negative Subspace, Negative
Relativistic Mechanics, Positive Tensor of Energy and Momentum, Inverse
Theory of Relativity

1. Introduction

The idea of the inverse relativity model that was proposed in the first paper
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depends on dividing the total space-time in the special and general cases into a
positive subspace-time and a negative subspace-time, Where the first paper in-
cluded transformations of space and time coordinates for each subspace-time in
the special case and the metric tensors for each subspace-time in the general case.
Accordingly, we will try here in the second paper to describe each of the velocity,
acceleration, momentum, energy, and relativistic forces in each of the positive and
negative subspace times. In other words, we will try to formulate relativistic me-
chanics according to the new model (Inverse Relativity). As we know, the special
theory of relativity introduced new types and concepts of energy and matter, such
as the energy of a rest mass [2], which explained to us that matter is a form of
energy and that a particle at rest contains energy. And there is also the relativistic
total energy [3], which represents the sum of the relativistic kinetic energy of the
particle and the energy of the rest mass. Not only that, but special relativity pro-
vided us with new mechanics, known as relativistic mechanics [4] page 81, which
differs from classical mechanics in the number of dimensions of space. Where
velocity, acceleration, momentum, energy, and forces are described in four-di-
mensional space [5] or in Minkowski space-time instead of the three-dimensional
space followed in classical mechanics, this is because the previous quantities in
Minkowski space-time are invariant under the Lorentz transformation, or in other
words, they do not depend on the frame of reference. Special relativity also
changed the mathematical formulas for the laws of mechanics in three-dimen-
sional space. We now have new formulas for the law of relativistic kinetic energy,
relativistic momentum, and relativistic forces [6] (pp. 43-44, 46-48). As a result of
the change in mass at relativistic speed (speed close to the speed of light). Will the
new model maintain the same previous concepts of energy and matter? Will we
get the same mathematical formulas for the laws of relativistic mechanics? Or will
we get new mathematical formulas as well as new relativistic mechanics? Specific
to each subspace-time as a result of the geometric properties of that subspace-time,
which were previously mentioned in the first paper. The second paper is also
subject to the same analysis approach followed in the first paper, where each of
the four-dimensional velocity, acceleration, momentum, and force vectors is
analyzed on the total space-time fabric in the special and general cases, but
according to the analysis conditions of the new model explained in the follow-
ing points.

Analyzing the four-dimensional velocity vector, acceleration, momentum, or
force on the space-time fabric is into two four-dimensional vectors by analyzing
the components of this vector. For example, analyzing the four-dimensional ve-
locity vector into two four-dimensional vectors is done by analyzing the compo-
nent of this vector, which is the four-dimensional displacement vector, into two
four-dimensional displacement vectors as in the first paper and representing the
new four-dimensional velocity vectors in the four-dimensional subspaces shown
in the first paper.

The analysis of the four-dimensional velocity, acceleration, momentum, or force
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vector is with respect to one of the observers or with respect to one of the reference
frames and not in both together. Therefore, the transformation of each new four-
dimensional vector from the reference frame (the frame containing the analysis)
to another reference frame (a frame without analysis) is not subject to Lorentz
transformations or the Lorentz transformation matrix, but will be subject to the
positive and negative modified Lorentz transformations and their transformation
matrices, which are also explained in the first paper.

After describing the velocity vectors, acceleration, momentum, and forces in
each subspace-time, we can here perform further analysis of the four-dimensional
vectors. But this time, with respect to both reference frames or to both observers
in each subspace-time, to vectors of lower dimensions, three-dimensional or one-
dimensional. It is the same approach used in special relativity [7], but with the
positive and negative modified Lorentz transforms of the inverse relativity model.
The purpose of this type of analysis is to study mechanical phenomena on the
fabric of positive and negative subspace-time, such as the motion of the particle
in the positive and negative 3D subspace, and also the motion of the particle in
the time dimension of the positive and negative subspace-time. The approach of
analysis and splitting space into sub-spaces is an approach followed in many the-
ories, but with different analysis conditions specified by the author of the paper
[8] [9]. As we explained, it is an approach followed in special relativity, where
three-dimensional space is viewed as a sub-space of spacetime. But the problem is
that the subspaces are of a mathematical nature, while at the physical level they
are somewhat ambiguous [10]. Our model features a mathematical, geometric,
and physical description of each subspace-time in the special and general case,
as shown in the first paper, with drawings also for clarification. As we will ex-
plain here in the second paper, how the physical quantities are closely related
to each subspace-time and the consistency of the model physically and geomet-

rically.

2. Methods

2.1. Analysis of the Four-Dimensional Velocity Vector in
Minkowski’s Total Space-Time

If we have a particle of rest mass moving on the total space-time (Minkowski
space-time), then if we want to describe the 4D velocity vector of this particle on
the total space-time with respect to two observers O’ and O belonging to the iner-
tial reference frames S’ and S, respectively [11], According to special relativity, it
is equal to the 4D differential displacement vector with respect to each reference
frame divided by the proper time [12] (which is the time with respect to the par-
ticle or with respect to a reference frame specific to the particle, an imaginary

frame). Look at Figure 1.

SSoxyz Soxyz (1.1)
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Figure 1. Shows the transformation of an instantaneous 3D velocity vector from one ref-
erence frame to another, with the analysis of the velocity vector in frame S into two 3D
velocity vectors.

Therefore, the 4D velocity vector of the particle on the total space-time with
respect to the observer O’, is equal to the 4D differential displacement vector dA*
with respect to the reference frame S’ divided by the infinitesimal proper time drz,

and the 4D velocity vector is written in the following form [13] (p. 180).

u‘ﬂ

5 L e
_dA _(dA dA? dA dAJ (12)

dz | dr "dr 'de dr

Because the proper time dr is the time relative to the particle, the transfor-
mation of time from the particle’s reference frame to the reference frame S’ is
according to the following equation dt'=dzy’,, where y', here depends on

the speed of the particle U’ for the reference frame $’, that is, it is equal to
2
N u . . .
7 =J/ 1-—5-, By replacing the components of the 4D displacement vector in
c

terms of the coordinates of the reference frame S’ according to the notation shown.
In the first paper, item 2.1, by also substituting the proper time in terms of time
with respect to the reference frame S’, we obtain the values of the components of
the 4D velocity vector u™ ([14], pp. 116-118).

4 dAY  dx L .
:dT :7UF:;/UUX

o GAT  dy

u

u = u

dr Jvar et

4 ‘ (2.2)
e O A

dzj }/Udt\ }/Ll z
ge ZOAT_oedt L

PR

Therefore, we can write the 4D velocity vector U™ in the following form
u™ :y‘u(u‘x,u‘y,u‘z,c):7‘U(J‘,c) (3.2)
As for the 4D velocity vector of the particle on the total space-time with respect
to the observer O, it is equal to the 4D differential displacement vector dA” with

respect to the reference frame S divided by the infinitesimal proper time dz , and

it is written in the following formula
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= — (4.2)
dr dr dr dr

g2 9 dA' dA’ dA® dA*
dr
The proper time transformation dz here is from the reference frame of the
particle with respect to the reference frame S, and therefore it is equal to

dt=dzy, here y, depends on the speed of the particle u with respect to the

2
s u s
reference frame S, and therefore, it is equal to y, :J/ s /1——2 , by substituting
C

here also the components of the 4D displacement vector in terms of the coordi-
nates of the reference frame S according to the notation described in the first paper,
item 2.1, and by substituting the proper time in terms of the time of the reference

frame S, we obtain the values of the components of the 4D velocity vector u”

ut :d_A1: 7, ax_ y,u
dr "“dt U
2
u? =di=7ud—y=7uuy
dr dt (5.2)
u® :ﬂ: ¥ gz _ y.u
dz  “"dt "7
u =£= y cat _ y.C
dr ““dt "
Here, we can also write the 4D velocity vector u” in the following form
u” =7, (U,.U,,u,,¢) =, (. (6.2)

Also, according to special relativity, the transformation from the vector u” to
the vector u™ on Minkowski’s total space-time is through the Lorentz matrix
([14], p. 113), described in the first paper, item 2.1, and as a result of the analysis
of 4D displacement vectors on the total space-time fabric. And representing it in
new four-dimensional spaces as well (positive subspace-time-negative subpace-
time) described in the first paper, item 2.2, we also obtain an analysis of the 4D
velocity vectors U” or U* on the Minkowski space-time fabric, where analysis
of the displacement vector dA” into two vectors dA” = dA‘ +dA?, leads to anal-

ysis the velocity vector u"” into two vectors according to the following equation.

. dAY  dA" dA®
u’ = =—+
dr dr dr

(7.2)

2.2. The Four-Dimensional Velocity Vector in Positive
Subspace-Time

The first expression from the right side of Equation 7.2 represents the 4D velocity
vector of the particle U° in positive subspace-time, where dA‘/dz =0, and the
4D velocity vector 0° is written in the following form

_dA _(dAl dA? dA® dA“]

€

- &8 oA oA A 8.2
dr dr dr dr (8:2)

dr

By substituting the components of the 4D differential displacement vector dA®

in terms of the coordinates of the reference frame S according to the notation
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described in the first paper, item 2.3, and also by substituting the proper time in
terms of the resultant vector time dt with respect to the reference frame S, and
by replacing the time dt with the time df because they are in the same refer-
ence frame and for the same event, we obtain here the values of the components

of the 4D velocity vector U°.

al_d_Al_ ax_ a
dr gt
dA>  dy
~2 ~
u=—-s=y,—<=y7,u
ar ot
i3 5 (9.2)
L]3_di_ E_ a
dr Tvar
~4:ﬂ:7/ d—t)zyv
dr " df ‘
We can write the 4D velocity vector (° in the following form
i =7,(0,,0,,0,V)=7, (ﬁ,\i) (10.2)

where U represents the velocity of the particle in the positive subspace (3D sub-
space) with respect to the observer O, V represents the speed of the particle in
the time dimension of the positive subspace-time, by differentiating the 4D dis-
placement vector transformation equation in positive space-time with respect to
the proper time, Equation (17.1) described in the first paper, item 2.3, we obtain

the transformation from the vector u™ to the vector U° in the positive sub-

space-time.
o e
CLAT =A, ddAT (11.2)
0 =ASu™ (12.2)
@100 0]|u"
@l |0 10 0f|u?
@| [0 0 1 offys (13:2)
g4 [0 0 0 1] |y*

From the previous transformation equation, we obtain the transformations of
the 4D velocity components in the positive subspace-time from the reference
frame S’ to the frame S, or from the observer O’ to the observer O, and by substi-
tuting the value of each component shown in the set of Equations (2.2) and (9.2),

we obtain the components transformations 4D velocity in reference coordinate

form
~1 ~ TN
u=u = ux}/u_ux}/u
~2 2 ~ I
u“=u = Uuy,=u,y
y/u y/ u
A RS (14.2)
u =u = uz7u_u27/u
it =u" = Vy,=cr,

By dividing the velocity transformation equation in the fourth dimension (the
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dimension of time) by the velocity transformation equations in the first, second,
and third dimensions, then by substituting the value of V from Equation (23.1)
shown in the first paper, we obtain the transformations of the 3D velocity compo-
nents in the positive subspace of the reference frame S’ to S or from the observer
O’ to the observer O

a Uy a u A
e - T NI B B
Vy, ¢y, vV ¢ c
a u 0, u Ve
L = A TR . S (15.2)
Vy, Cr, vV ¢ c
a u a u oy Ve
R AT L Ay
Vy, ¢y, vV ¢ c

2.3. The Four-Dimensional Acceleration Vector in Positive
Subspace-Time

By differentiating the 4D velocity vector u™ with respect to proper time again,
we obtain the 4D acceleration vector a* on the total space-time fabric with re-
spect to the observer O’ where du*/dz=a* [15]. By substituting for each ac-
celeration component in terms of the component of the 4D velocity and time of
the reference frame S’, then by substituting the value of each 4D velocity compo-
nent with the formula of the reference coordinates shown in the set of Equation
(2.2), and by making the differentiation with respect to time dt’, assuming that
we are studying the acceleration of the particle at an instant when the speed of the
particle is equal to the speed of the reference frame S, that is when U'=0 where
dy’, =1 and also dy',/dt’=0, we finally obtain the values of the acceleration
components of the vector a* shown in the following set ([16], p. 141).

¢« o~ d oy d)/ NN 4 s
1 1 —ru 1 2
al=y —u'! = a'=a —Luy = a'=a
}/let\ }/ dt )(7/|J X7/U
. .do dy, . . < N
2=7u—dt\u2 = a’=a,yi+ S = a’=a\y?
; 4y (16.2)
3 N 3 TR 3 N2
a=y —u® = a®=a yi+—4u = a’=a
}/Udt\ Z}/ dt Z}/U Z}/U
.d u o dyy . -
= a'=—2c = a =0
7“dt a7

Therefore, write the 4D acceleration vector on the total space-time in the form

7i(ao)

also with respect to the proper

of the following reference coordinates

N

a¥=yi(a),a,.a,,0)= (17.2)

By differentiating the 4D velocity vector 0°
time again, we obtain the 4D acceleration vector @° on the positive subspace-
time with respect to the observer O where dd‘/dz=4&‘, By following the same
previous steps, replace each acceleration component in terms of the 4D velocity
component, and replace the proper time in terms of the resultant time dt for
the reference frame S, then the time dt is replaced by the time df because they
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are for the same event and in the same frame of reference, then the value of each
4D velocity component in the form of reference coordinates shown in the set of
Equation (9.2), and by making the differentiation with respect to time df atan
instant when the speed of the particle is equal to the speed of the reference frame
S’, thatis, when u =V, where y, =y =cons because the reference frame in the
special case does not accelerate. Therefore, dy, / df =0, we ultimately obtain the

values of the acceleration components of the vector &° shown in the following

set.
L d 0, dy .
&=7,50 = a1=ax7§+£ux7u = a=4ay
) d o -y o
2=;/‘JEU2 = a=ay+ d?“ 0y, = a=4ay
; ) (18.2)
=y, 0 = 33:52y5+%uzyu = =4y
dy -~
a4:yu%ﬂ4 a'= dyf“vyu = &'=0

We write the 4D acceleration vector in positive subspace-time in the form of

the following reference coordinates
5 =yf(§x,§y,ﬁz,0)=yj(5,0) (19.2)

As for the transformation from the acceleration vector a* to the acceleration
vector &° in the positive subspace-time, it is through differentiation of the 4D
velocity vector transformation equation in the positive subspace-time, Equation

(12.2) with respect to the proper time.

i
c;”f A, d;T (20.2)
a=Aa" (21.2)

From the previous transformation equation, we obtain the transformation of
the components of the 4D acceleration vector in the positive subspace-time from
the reference frame S’ to the frame S or from the observer O’ to the observer O,
where /~\; is a unit matrix, and by substituting the values of each component
shown in the set of Equations (16.2) and (18.2), we obtain transformations of the

values of the components of the 4D acceleration in the form of reference coordi-

nates

Al _ 1 5 .2 N

a :a : aX}/U :aX}/U

52 2 5 .2 ~ w2

a=a = 4nmayr, (22.2)
~3 3 ~ 2 N} .
a :a :> a27U :a27U

a=a* = 0=0

By dividing the square of the velocity transformation equation in the time di-
mension (the fourth dimension equation in set (14.2)) by the 4D acceleration
transformation equations in the first, second, and third dimensions. Then, by sub-
stituting the value of V' from Equation (23.1) shown in the first paper, we obtain
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the transformations of the 3D acceleration components in the positive subspace

from the reference frame S’ to the frame S

~ 2 N ~ ~ 2
axyu a‘xj/u = &_ax = a_ N _V_S
\72 27 2 2 \72_ 2 X X 2
Yo C7y c c
~ 2 N x . 2
a a a N N V.
L LA N R N Jar o . (23.2)
Vol Cry \ c c
~ 2 ~ N2 ~ ~ 2
a a a a - . Y/
2.7 = 227/‘2u = Sp=— = &=a,|l-—
V., ¢y \ c c

2.4. The Four-Dimensional Momentum Vector in Positive
Subspace-Time

By multiplying the 4D velocity vector U™ by the rest mass of the particle m,, we
obtain the 4D momentum vector p* on the total space-time fabric with respect
to the observer O” where myu™ = p* ([13], p. 182). By substituting each com-
ponent of momentum in terms of the component of the 4D velocity and the rest
mass, and then by replacing the value of each component of the 4D velocity with
the formula of the reference coordinates shown in set of Equations (2.2), we obtain
the values of the components of momentum for the vector p* shown in the fol-
lowing set ([14], p. 118).
pt=mut=mu’,

2 2 RN
pT=mu* =mu’,

p® = mou\s —mu, (24.2)
2
m
p‘4 = mou‘4 = ¢
C

where the expression mc® =E represents the relativistic total energy of the par-
ticle [17] with respect to the observer O’, so we write the vector p* in the fol-

lowing formula
p*=(63%}} (25.2)

~€

By also multiplying the 4D velocity vector U° by the rest mass, we obtain the

=€

4D momentum vector p° on the positive subspace-time with respect to the ob-
server O where my0° = p°. By following the same previous steps, we obtain the

values of the momentum components p° shown in the following set

p' =m,a" =ma,
~2 2 ~
p? =my* = ma,
p° =m,0° =md, (262)
4 N\
p*=myu* = v

where the expression mV? =E also represents the relativistic energy of the par-

ticle with respect to the observer O. As we mentioned in the first paper item 2.3,
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the speed of light in positive subspace-time is not a universal constant, meaning
that V is the value of the speed of light in positive subspace-time, and therefore

it is written the vector p° also has the following formula
— E
pe=| p,—= (27.2)
As for the transformation from the momentum vector p* to the momentum
vector [ in positive subspace-time, it is through multiplying both sides of the

4D velocity vector transformation equation in positive subspace-time, Equation

(12.2) in the rest mass.
Myl = Al mgu™ (28.2)
P = ]\; p* (29.2)

From the previous transformation equation, we obtain the transformation of
the 4D vector components of momentum in positive subspace-time from the ref-

erence frame S’ to the frame S or from the observer O’ to the observer O.

ﬁl — p\l

=2 2

?3 - pﬁ (30.2)
p =p

r)4 — p‘4

By substituting the value of each component of the 4D momentum shown in the
set of equations (24.2) and (26.2), we obtain the transformation of the 4D vector
components of momentum and energy from the reference frame S’ to the frame S

or from the observer O’ to the observer O, in terms of reference coordinates.

mi, =mu’, =

P =P
md, = m‘u‘y = p,= p‘y
md,=mu, = p,=p, (31.2)
mV? m¢c? E E
= = = —==—
\Y c V ¢

The first three equations represent the transformation of the components of
positive relativistic momentum or the components of momentum in the positive
subspace. This result is consistent with Noether’s theorem [18], as we find that the
amount of linear momentum in the positive subspace (3D subspace) is a con-
served quantity as a result of the positive spatial structure symmetry between the
reference frames for both observers. As for the momentum transformation equa-
tion in the fourth dimension, it represents the transformation of the positive rel-
ativistic energy of the particle. By substituting the value of V from Equation
(23.1) shown in the first paper, we obtain the transformation of the relativistic

total energy from the reference frame S’ to the frame S in the positive subspace.

2
E=Ey' = E=E 1—V—S2 (32.2)
C

where we find that the positive relativistic energy with respect to the observer O
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decreases with the increase in the speed of the reference frame V. As we men-
tioned in the first paper item 2.3, time dilation reduces the speed of light from
positive subspace-time, we find here that time dilation reduces the relativistic en-
ergy from positive subspace-time. This result is one of the opposite results of spe-

cial relativity.

2.5. The Four-Dimensional Force Vector in Positive Subspace-Time

By differentiating the 4D momentum vector p* with respect to proper time, we
obtain the 4D force vector F* on the total space-time fabric with respect to the
observer O” where dmgu* /dz=F* ([13], pp. 184-185). By substituting the
value of each 4D velocity component into the form of the reference coordinates
shown in the set of Equation (2.2), and also substituting the proper time in terms
of time with respect to the reference frame S’, and by performing the differentia-
tion with respect to the time dt’ with the same steps followed in item 2.3, we
obtain the values of the components the forces of the vector F* shown in the
following set ([6], pp. 52-53).

dmu™* . .
Fl:—d"ru =my,a
5 dmu?
FZ: doT :myuay

(33.2)
5 dmu®
F3:—d°u =my,a,
T

E dmeu™ —dme® y,

dr dt° ¢

where the expression dm'c?/dt’=E  represents the time rate of change in the
relativistic total energy of the particle or the flow of relativistic total energy with
respect to the observer O’ on the total fabric of space-time, so the vectorin F *

the following formula
Fr= ;/(E%j (34.2)

By also differentiating the 4D momentum vector {° with respect to the
proper time, we obtain the 4D force vector F° on the positive subspace-time
with respect to the observer O where dm,i‘/dz = F* . By following the same steps
in Set 33.2, replacing the time dt with the time df , we obtain the values of the

components of the force vector F° in the following set.

=, dm,a
1 ~
P g,
=, dm,a®
2 ~
F?= dOT =my, 4,
I (35.2)
=5 dmyU <
Fr==g, =&
e dm,a*  dmV? y,
dr df Vv
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where the expression dmV?/df = E represents the time rate of change in the
positive relativistic energy of the particle with respect to the observer O in the

positive subspace-time, and the vector F° is written in the following formula
Eoy {EE} (36.2)

As for the transformation from the force vector F* to the force vector F°
in positive subspace-time, it is through differentiation of the equation for trans-
forming the 4D momentum vector in positive subspace-time, Equation (29.2)

with respect to the proper time.

d(med) . d(mu*)

=AS 37.2
dr “oodr (37.2)
F =A,F* (38.2)

From the previous transformation equation, we obtain the transformation of
the components of the 4D force vectors in positive subspace-time from the frame
of reference S’ to the frame S. By substituting the value of each component of the
4D force vector shown in the set of Equations (33.2) and (35.2), we obtain the
transformation of the components of the 4D forces in positive subspace-time from

reference frame S’ to frame S or from observer O’ to observer O.

Th

l:F\I = m}/ué'x :m\}/‘ua‘x

F’=F? = myd, =my,a,
FP’=F® = myd,=my,a, (39.2)
Ee_p" dmv? Yo _ dm‘f:2 7,

da Vv dt ¢

By dividing the equation for the transformation of velocity in the time dimen-
sion (the fourth equation in set (14.2)) by the set of equations on the right side,
and then also substituting the value of V from Equation (23.1) shown in the
first paper, we obtain the transformations of both the components of forces and

the flow of positive relativistic energy.

my,d, my,a 9 Ve = Ve
Vo8 7,8, = ma =ma,l-—= = F=F,1-=
V7, 7y ¢ ¢
my,d, my,a N VL = Ve
Ty BTy = ma, =ma, 1% = F =F1-2
V7, 7y ¢ ¢
~ RN 2 2
mnd, :_myu‘az = mg,=ma), 1—\/—52 = F =F, l—V—s2
V7, Cry ¢ ¢
\72 c? N ot .. V.2
dm’~ ];u :dm? i/u‘ — E=E 1__%
dt V<, dt™ ¢y, c
(40.2)

The first three equations represent the transformation of the components of

positive relativistic forces, while the fourth equation represents the transformation
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of the flow of positive relativistic energy from the reference frame S’ to the frame
S in the positive subspace-time, and we conclude from them that the positive rel-
ativistic forces with respect to the observer O decrease in the positive subspace. As
the speed of the reference frame V; increases, the same applies to the flow of
positive relativistic energy. These are also results opposite to the results of special

relativity.

2.6. The Four-Dimensional Velocity Vector in Negative
Subspace-Time

The second expression from the right side of Equation (7.2) represents the 4D ve-
locity vector U° of the particle in negative subspace-time, where dA”/dz=0°,

and the 4D vector U° is written in the following form

(41.2)

“ldrdr "dr Tde

o~ OA7 _ dA" dA? dA® dA*
dr

By substituting the value of the components of the 4D differential displacement
vector dA? in terms of the coordinates of the reference frame S according to the
notation explained in the first paper item 2.4, and also by substituting the proper
time in terms of the resultant vector time dt with respect to the reference frame
S and by replacing the time dt with the time df because they are in the same
frame and for the same event, we obtain the values of the components of the 4D

velocity vector u? .

vl_d_Al_ % a
dr  Tvar T
dA® dy
2
=—=y <=y 1
dr Tvar .
s d_AS_ dz _ u ‘
dr Tvdr
v4—£=7 —d( f)zyv
dr " df "
The 4D velocity vector U is written in the following form
07 =7,(0,.0,,0,V)=7,(d.V) (43.2)

where U represents the velocity of the particle in the negative subspace (3D sub-
space), V represents the speed of the particle in the time dimension of negative
subspace-time, or the value of the speed of light in negative subspace-time. By
differentiating the equation for the transformation of the 4D displacement vector
in negative subspace-time, Equation (29.1), which is explained in the first paper
with respect to the proper time, we obtain the transformation from the vector u™
to the vector U° in negative subspace-time.
dA” _ 5, dA”
dr “dr

(44.2)
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u” =Aou* (45.2)
0t | [y-1 0 0 pBy]|u*
u? 00 0 ||u? P 1 6.2
= . = y }/: .
e 00 0 ||y® c 2
w| LBy 00 y-1] |y ¢’

From the previous transformation equation, we obtain the transformations of
the 4D velocity components in negative subspace-time from the reference frame

S’ to the frame S, or from the observer O’ to the observer O.
ut=u*(y-1)+u* By

(47.2)

ut=u*py+ut(y-1)

By substituting the value of each component shown in set of Equations (2.2)
and (42.2), and by taking each of yy, asa common factor, we obtain transfor-
mations of the values of the 4D velocity components in the form of reference co-

ordinates.

=(

Yy

=

=u(u(i-rt)+e)
,=0
(48.2)
=0

%
7Y,
N =0 Bre(i-77))

By analyzing the velocity of the particle in the time dimension cinto V and

V as followed in the first paper item 2.4 Equation (43.1), we obtain

5 NAATN . .
(C—V)}/u:Wu Sc"+07/7/u—07/u (49.2)

AT . <\
Cry =774 SCX-H:WU—C]/u—i-Vj/u (50.2)

From the fourth equation in the set of Equation (14.2), we find that

-y, +\7}/u =0
. V.u
C7u:77u(0+ SCXJ (51.2)
. V.u®
Y :Wu(l"' Czj (52.2)

By dividing the last equation by the 4D velocity transformation equations in the
first, second, and third dimensions in the set of Equation (48.2), we obtain the 3D
velocity transformations in the negative subspace from the reference frame S’ to

the frame S or from observer O’ to observer O.
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}/uljx W‘u U‘X(1—771>+Cﬁ) U\x(l—}/_l +Vs -

» = ( VA = U, = . 0 = U, =V

! W‘u 1+ Szx) 2X

c c

a
My _ 0 . = 0,=0 (53.2)
Ya < (g4 VU

Waltt—02
7Y _ 0 = 0,=0
IRV L
Yu Wu(1+ 2 j

As we previously made clear in the first paper, Equation (53.1), the right-hand
expression in the first equation from the previous set of equations is equal to the
speed of the reference frame Vg, regardless of whether U, is the velocity of a
particle or the velocity of light. Because both U, =U, =0, therefore U=U, =V,
and the same is true for light V =V, =V, , and this means that the speed of the
particle in the negative subspace is equal to the speed of the particle in the time
dimension, for negative subspace-time, equal to the speed of the reference frame
that is, U=V =V;. Therefore, Equation (43.2) represents the 4D velocity vector
in negative subspace-time in a general form, that is, in the case of movement of
the reference frames relative to each other along three axes. But when the relative
motion between the reference frames is on only one axis, which is the XX* axis,
as shown above in Figure 1, in this case, we write the 4D velocity vector in negative

subspace-time in the following formula:

a’ =7,(v,0,0,V5) (54.2)

2.7. The Four-Dimensional Acceleration Vector in Negative
Subspace-Time

By differentiating the 4D velocity vector U° with respect to proper time again,
we obtain the 4D acceleration vector &° on the negative subspace-time with re-
spect to the observer O, where du“/dz=a” . By following the same previous
steps in set Equation (18.2) at the moment of acceleration mentioned above. We

obtain the values of the components of the acceleration vector a°

d d

E=rngl = él=5x75+d—7tfﬂx7u = a=a7y
d

52:%%52 = azzayy§+d7tjuy7u = a=a,

(55.2)

=3 d 3~ 2, Oy, =3 _ = 2

a :7LIEU = a=ay + df Wy, = a =ay,
d -

542%%64 = a'="2vy, = a'=0

We write the 4D acceleration vector in negative subspace-time in the form of

the following reference coordinates

a’=y!(a,.4,,4,0)=7(a0) (56.2)
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By differentiating the equation for transforming the 4D velocity vector in neg-
ative subspace-time, Equation (45.2), with respect to proper time, we obtain the
transformation from the acceleration vector a° to the acceleration vector a*

in negative subspace-time.

5O _ N
dd“T — A7 d;T (57.2)
a” =A%a* (58.2)

From the previous transformation equation, we obtain the transformation of
the components of the 4D acceleration vector in negative subspace-time from the
reference frame S’ to the frame S, or from the observer O’ to the observer O. (In

the same form as the set of Equations (47.2).
at=a'(y-1)+a*py

(59.2)

By substituting in the previous set the value of each acceleration component
shown in set Equations (16.2) and (55.2), we obtain the transformations of the

values of the 4D acceleration components in the form of reference coordinates.

ay;=a,re(r-1)

= 2 _

&7, =0 (60.2)
ay;=0

0=0

By dividing the square of Equation (52.2) by the first, second, and third equa-
tion in the previous set of equations, taking 7 as a common factor in the first
equation. We obtain the transformations of the 3D acceleration components in
the negative subspace from the reference frame S’ to the frame S, or from the ob-

server O’ to the observer O.

a_ &=t a7 -
5= — = &= — = a,=0
e < V.u V.u
v 72y§(l+szxj ;/[1+ SZX]
C C
a ;/2 0
yzu = — = éy =0 (61.2)
Y 2 ‘S(1+ s xj
47 _ 0 < 0o
}/2 vu 2 z
T

In the first equation in the previous set, we find that when the speed of the
reference frame is much less than the speed of light V, <« ¢, the inverse of the
Lorentz factor equals one, and therefore, the expression (1— )/_l) =0 is approx-

imately equal to zero, which means that &, =0 in this case, but when V, =c,we
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find in the denominator y =0, and this also means that & =0. Therefore, here
we can generalize this result for any values of the reference frame speed V,, re-
gardless of the value of &', , and we always find &, =0. This result is consistent
with the previous results, as we previously explained U, =V, . Because the accel-
eration in the negative subspace &, means the acceleration of the reference
frame, and in the special case there is no acceleration of the frames. We can then
reduce the 4D acceleration vector in negative subspace-time in the special case to

the following reference coordinate formula.

a’ =y2(0,0,0,0) (62.2)

u

2.8. The Four-Dimensional Momentum Vector in Negative
Subspace-Time

By multiplying the 4D velocity vector U? by the rest mass of the particle, we
obtain the 4D momentum vector p° in negative subspace-time with respect to
the observer O, where m i = p?. By substituting for each component of mo-
mentum in terms of the component of the 4D velocity and the rest mass, then by
substituting the value of each component of the 4D velocity in the form of the
reference coordinates shown in the set of Equation (42.2). We obtain the values

of the momentum components of the vector p® shown in the following set

p'=myut =mu,

p? =myu? =mu,

p3 — mou3 — mUZ (63.2)
~ . mV?

p4 mou“ _ <

where the expression mV? =E represents the negative relativistic energy of the

particle with respect to the observer O. And V as we explained in item 2.6, is

the value of the speed of light in negative subspace-time. Therefore, the vector

p? is also written in the following form.
- E

p’ =| p,= (64.2)

As for the transformation from the momentum vector p* to the momentum

vector p° in negative subspace-time, it is done by multiplying both sides of the

4D velocity vector transformation equation in negative subspace-time, Equation
(45.2) in the rest mass.

m,u’ = ﬂZmou‘” (65.2)
p7=A%p* (66.2)

From the previous transformation equation, we obtain the transformation of
the 4D vector components of momentum and energy in negative subspace-time
from the reference frame S’ to the frame S or from the observer O’ to the observer

O (in the same form as the set of Equation (47.2)).
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pr=pi(y-1)+p By

=2 -0

?3 (67.2)
p’=0

pt=pBr+p*(r-1)

By substituting the value of each 4D momentum component shown in the set
of equations (24.2) and (63.2), while taking » as a common factor in the first
equation, we obtain the transformation of the 4D relativistic momentum compo-

nents from the reference frame S’ to the frame S or from the observer O’ to the

observer O.
mﬁxzm‘u\x(y/—l)+?‘ﬂy = ﬁxzy(px(l—71)+—ﬂj
m, =9 = B=0 (68.2)
ma, =0 = p,=0
m\\/zz =mu’, By + m;CZ (r-1) = VE= p‘xv?sﬂ%(y—l)

The first, second, and third equations represent the transformation of the com-
ponents of negative relativistic momentum or relativistic momentum in the neg-
ative subspace. As for the transformation equation in the fourth dimension, it rep-

resents the transformation of the negative relativistic energy of the particle. By

1
taking —y asacommon factor, it can also be shortened to the following formula.
C

% )/( PV, +E(1- 7'1)) (69.2)

<<| M

By substituting for the value of V =V_, as we mentioned above in item 2.6.
=V . N -
E=?7(DXVS+E(1—7 Y) (70.2)

In case the particle does not move along the X' -axis, thatis, u’, =0, the equa-
tion is also reduced to the following formula
A
c

E=E—(r-1) (71.2)

Equations (70.2) and (71.2) represent the transformation of the total relativistic
energy from the reference frame S’ to the frame S in negative subspace. They show
that the negative relativistic energy with respect to the observer O increases with
the increase in the speed of the reference frame Vj , until its value reaches infinity

when the speed of the reference frame reaches the speed of light theoretically

2.9. The Four-Dimensional Force Vector in Negative
Subspace-Time

By differentiating the 4D momentum vector in the negative subspace-time p°
with respect to the proper time again as well. We obtain the 4D force vector F°
for the particle in negative subspace-time with respect to the observer O, where
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d (moﬁ(r ) / dz = F?. By substituting the value of each 4D velocity component into
the form of the reference coordinates shown in the set of Equation (42.2), by also
substituting the proper time in terms of the resultant vector time dt with respect
to the reference frame S, by replacing the time dt with the time df and per-
forming the differentiation according to the conditions followed in item 2.5, we
obtain here on the values of the components of the 4D force vector Fo

_ d(myt
1_ <Z]iu )=m7/uax
Fzzd(mOljz =my,a,
d’vs (72.2)
|:3=d(m°u )—m;/uaz
dr
|f4=d(mOU4) dmv? y,
dr di Vv

where the expression dm\72/ di =E represents the time rate of change in the
negative relativistic energy of the particle with respect to the observer O in the

negative subspace-time, and the vector F° is written in the following formula.
Fe :yu[E,EJ (73.2)

By differentiating the 4D momentum vector transformation equation in nega-
tive subspace-time with respect to proper time, Equation (66.2). We obtain an
equation that transforms the force vector F* into the force vector F° in the
negative subspace-time from the reference frame S’ to the frame S, or from ob-
server O’ to observer O.

d(mou"):[v\gd(mou”) (74.2)
dr o dr
F7=ASF* (75.2)

From the previous transformation equation, we obtain the transformation of
the components of the 4D vector forces in negative subspace-time from the refer-
ence frame S’ to the frame S or from the observer O’ to the observer O (in the

same form as the set of Equation (47.2))
F'=F'(y-1)+F"By

(76.2)

F'=F'Br+F*(y-1)

We can obtain equations for the transformation of the components of 3D
relativistic forces in the negative subspace-time, by substituting the values of each

component of the 4D forces shown in set of Equations (33.2) and (72.2)

in the previous set, taking ', —M" is a common factor in the first equation,

dt’
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by dividing the transformation equations in the first, second and third dimensions
by Equation (52.2), then substituting the first equation in set Equation (53.2) into
the first dimension equation. We obtain the transformations of the components
of the forces. But we have another direct method where all components of the 3D
acceleration shown in set Equation (61.2) are equal to zero, and thus, we can ob-
tain the transformations of the components of the negative relativistic forces by

directly substituting the value of the components of the acceleration in each di-

mension.
.od g a
=1 Yoy <m{u x(1_7 )+Vs _
M7 _ dt ( - ) = méxzi\mvs = k=0
}/u N Vsux dt
TAVAR Sy
c
my,a -
Y8y _ 0 = ma, =0 = F,=0 (772)
yu N Vsux
yer| 1+ =3
c
M8, _ 0 = ma, =0 = F=0

& 7‘u7(1+vzuzxj

The previous three equations represent the transformation of components of
negative relativistic forces in three dimensions from the reference frame S’ to the
frame S in the negative subspace. As for the relativistic forces in the fourth dimen-

sion, they represent the flow of negative relativistic energy.

dmv'? y, NN dm¢? y°
—VTU =m a, + _\_u -1 78.2
Gy =My = (r 1) (78.2)
We can write the equation in the following form
L _ F.ruBr+ E‘}/—“(y—l) (79.2)
\% c
. .1
By taking 7, 7 asacommon factor
S N YN o -1
EVE—;/U;/E(F V,+E(1-77) (80.2)
By dividing the previous equation by Equation (52.2)
s . FoV,+E(1-7"
E\77u =7\“y1( = vl(f ) (81.2)
7u 7 U}/ c (1_,’_ S 5 Xj
C
Substituting the value of V =V,
N SN -1
: V. (F YV +E(1-y )) 522

C o)
C

In case the particle does not move along the X -axis, meaning that, u’, =0,

F°, =0, the previous equation is also reduced to the following formula.

DOI: 10.4236/jamp.2024.1211228 3803 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2024.1211228

M. Girgis

E- E‘\A(l—y’l) (83.2)
C

Equations (82.2) and (83.2) represent the transformation of the total relativistic
energy flow from the reference frame S’ to the S frame in subspace-time. They
show that the negative relativistic energy flow with respect to the observer O in-
creases with the increase in the speed of the reference frame Vj , until it reaches
the value of the flow to E° when the speed of the reference frame reaches the
speed of light theoretically.

2.10. Analysis of Energy-Momentum Tensor on Total Space-Time

If we have an infinitesimal volume containing a number of non-interacting parti-
cles, identical in rest mass, at rest with respect to each other on the total fabric of
space-time, which is commonly referred to as a “dust field”, this field has a density
Po =NgM, / (V, )0 , Where m, is the rest mass of the dust particle, n, is the

number of particles, (V,

ol )0 is the dust proper volume, and p, represents the

proper density of the mass on the total space-time fabric. If we wanted to describe
both the density and flow of energy and the momentum of the dust on the total
fabric of space-time for every observer, it would be through the energy-momen-
tum tensor. For the observer, O’ is according to the following equation ([14], pp.
176, 178).

T = pu*u? k=1=012,3 (84.2)

where T is the energy-momentum tensor, and u®,u' are the contravariant
components of the 4D velocity vector on the total fabric of space-time. With
changing the index of the time dimension component followed in set of Equation
(2.2) from (U‘4 =7 C) to (U‘O =7, C) , assuming here that the speed of the par-
ticles dust with respect to the reference frame S’ is equal to zero U"=0 and there-
fore y°, =1.In this case, we write the 4D velocity vector u® or u' in the fol-

lowing formula.

u¥ =y‘u(c,u‘x,u‘y,u‘z):(C,0,0,0) (85.2)

Because the tensor is of the second order, it consists of a 4 x 4 matrix, which is
the product of multiplying the column matrix by the row matrix of the 4D velocity
components U*u", with p, asa common factor, and the result represents the
tensor matrix of energy and momentum on the total space-time with respect to

the observer O.

u?
TV =p, 0 [u® 0 0 0] (86.2)
0
0
T® 000
TH = 0 000 (87.2)
0 0 0O
0 00O
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Because there is no movement of particles with respect to the observer O’, there-
fore, there is only one component in this tensor, whichis T % = p,c?, which rep-
resents the energy density of dust, where p'=p, , because n'=n, and
Vv, = (Vo, ) , - We can also use this tensor in the general case as a local tensor where
the total space-time remains flat under the influence of gravitational mass M
with respect to the observer O’ and the speed of light is equal to c.

As for the observer O in the reference frame S, it will appear to him that the
dust is flowing at the speed of the reference frame, that is, u=V, and therefore
¥, =7 . As for the energy-momentum tensor with respect to the frame of reference

S, it will be according to the following equation.
T4 = puru” u=v=0123 (88.2)

where T*" represents the energy-momentum tensor on the total space-time,

v

and u”,u” are the contravariant components of the 4D velocity vector on the
total space-time fabric with respect to the observer O, With changing the index of
the time dimension component followed in set of Equation (5.2) from (u4 = }/UC)

to (U0 = )/UC) , in this case we write the 4D velocity vector u” or u" in the fol-

lowing formula.
U’ =y, (c utuut) =y (cu,u,ut) (89.2)

As for the tensor matrix here, it also represents the product of multiplying a

Hy v

column matrix by a row matrix for the 4D velocity components u“u”, taking p,
as a common factor. The result represents the tensor matrix of energy and mo-

mentum on the total space-time with respect to the observer O.
uO
wo_ u* 0 L 42 43
T =p, .2 ~[u u u- u J (90.2)
u3

T 00 T 01 T 02 T 03
TlO Tll T 12 T13
T"=_n 2 12 —m (91.2)
T T T T
T 30 T 31 T 31 T 33

From the previous matrix, we obtain the value of the component T% = p,*c?,
which here represents the total relativistic energy density of the dust to the ob-
server O. By substituting the proper mass density in terms of the rest mass, the
number of particles, and the proper volume, But from special relativity, we find
that m=myy,andwealsofind V, =V, asaresult oflength contraction [19].

And to compensate for that as well

(92.2)

where p represents the relativistic mass density of dust with respect to the ob-

server O
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pC* = p,c’y? (93.2)

Equation (93.2) shows us that the relativistic energy density of dust to the observer
O increases with increasing velocity of the reference frame. The transformation of
the energy-momentum tensor from one frame of reference to another on the total
space-time, whether in the special or general case, can be written through the gen-

eral tensor transformation ([16] p. 79).

. H v
s [8“ o J (94.2)

ou™ out

From Equation (94.2), we find that the energy-momentum tensor, whether in
the special or general case, depends on the 4D velocity. Therefore, the analysis of
that velocity described in the first item 2-1 on flat, total space-time or even a curve
will necessarily lead to an analysis of the energy-momentum tensor, and thus, we
have energy-momentum tensor for positive subspace-time and another for nega-

tive subspace-time.

2.11. Energy-Momentum Tensors for Positive Subspace-Time

We can obtain the energy-momentum tensor for the positive subspace-time in the
special case with respect to the observer O through the proper density of the dust
and the 4D velocity vector U° of the dust particles on the positive subspace-time
resulting from analyzing the original 4D velocity vector according to the following

equation.

T = pUca’ e=7=0123 (95.2)

where T is the energy -momentum tensors of the positive subspace-time, and
U°,0° are the contravariant components of the 4D velocity vector on the positive
subspace-time. By substituting the values of the components of the 4D velocity
from Equation (85.2) into the set of Equation (14.2), we obtain the values of the
components of the velocity vector U° in the positive subspace-time, taking into
account the change in the index of the time dimension component followed by

(l]4 = ;/u\7) to (L]O = )/u\7) ,and also y, =y, as our assumption is higher.

i =y,(V,0",0,0%)=»(V,0,0,0) (96.2)

Here, we can also represent the tensor matrix as the product of multiplying a
column matrix by a row matrix of the 4D velocity vector components of the pos-
itive subspace-time 0°,0°, taking p, asacommon factor. The result represents
the tensor matrix of energy and momentum on the positive subspace-time with

respect to observer O.

=)
o

e

T = p, 8 [a®° 0 0 0] (97.2)
0
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T 000

Feo| 0000 (98.2)
0 00O
0 00O

We find here that the tensor matrix contains only one component, which is
T®, which represents the relativistic energy density of dust on the positive sub-
space-time fabric by substituting the proper density value. With the transfor-
mation of the rest mass into the relativistic mass

TO _ paity? :yvzy :C_mv 2, (99.2)

ol ol

As for the volume transformation in the positive subspace, it is constant as a
result of the symmetry of the structure of the spatial space between observers, ac-
cording to the modified Lorentz transformation for positive space-time, that is

Vol :V(;I ‘

~ nm.~ o~
TP =— V% =% (100.2)

Vol
where V2 represents the positive relativistic energy density, and p is the
positive relativistic mass density, by substituting the values of the previous tensor

components in Equation (98.2), we get the following formula for the tensor matrix:
y 000

TET —

~\’/"2
. 0
101.2
0 (101.2)
0

o O o

0
0
0

o O o

We can also use the tensor shown in the previous equation in the general case,
but as a local tensor, Z.e, at a point on the positive subspace-time, under the influ-
ence of gravitational mass M, where y =1/ J2MG/rc? , according to the proper
time transformation equation in positive subspace-time in the general case Equa-
tion (71.1) shown in the first paper.

The transformation of the energy-momentum tensor from one frame of refer-
ence to another on the positive subspace-time, whether in the special or general
case, is also done through the general tensor transform.

~ W[ oac oar
To=TH 102.2
[au“‘ 6u*j (1022)

Because the structure of the positive subspace-time is symmetrical (that is, all
components of the displacement vector are invariant under the modified Lorentz
transformation) with respect to both frames of reference in the special and general
cases as well, according to the first paper item 2.6. The proper time of the particles
is also uniform, and therefore, each of the 4D velocity components is also equal.
This means that the energy-momentum tensor on positive subspace-time is in-

variant under transformation.
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Fer_Tw o)y dr oA Ay (103.2)
ou™ ou dz|{ 0A™ 0A
From the previous equation, we obtain the transformation of the relativistic en-

ergy density with respect to the observer O in the positive subspace.
-I:'OO :T«OO . ,5\727:,0002 - NZ :poczy—l (1042)

Equations (104.2) show us that energy density on the positive subspace-time
fabric decreases with respect to the observer O with the increase in the speed of
the reference frame, or in other words, time dilation reduces energy from the pos-
itive subspace. This is an opposite result to the result of special relativity shown in
Equation (93.2).

2.12. Energy-Momentum Tensors for Negative Subspace-Time

To obtain the energy-momentum tensor on negative subspace-time in the special
or general case, we analyze all the contravariant components of 4D velocity vec-
tors on the total space-time fabric, according to the following equations
ou“ =00°+0u’ and ou” =00" +0u” . Substituting this in Equation (94.2):

~€ o ~T 14
Tﬂvz_l_\k{au;‘fu aa a+\|6u } (105.2)
u u
B ouc  ou’ our  ou”

e Km—“au«]'(m*am H (1062

. w| oac ear  oac ou” ou° oa”  ou° ou”
T =TY Y+ttt (107.2)

ou™ ou ou™ ou ou™ ou ou™ ou

From the previous equation, we find that the following quantities are identical
and represent the dot product of the tangent vectors di,du’, so they can be
abbreviated to the following formula:

oa° ou” ou’ oar oa° ou”
KA T Ak A % v |cosd
ou™ ou” ou” ou ou™ ou

(108.2)

where 6 represents the angle between the tangent vectors dd‘,du® by substi-
tuting from 108.2 into 107.2

N ~e ~T . O 7P . 7€ 7P
T =TH [S“\k SU\I ]+T ‘ [2“* Z‘J—q}zT ‘ (su\k ZLJCOSQ (109.2)
u u u u u u

The first expression on the right side of the equation represents the energy-
momentum tensor for the positive subspace-time in terms of the contravariant
components of velocity, as we explained above, while the second expression rep-
resents the energy-momentum tensor for the negative subspace-time in terms of
the contravariant components of the velocity, the third expression represents the
energy and momentum tensors composed of both vectors dd®,du? , because the
angle can take any value from zero to 180, where there is no distinct angle, so here

we take the average value of the angle, which is angle 90, by substituting all of that
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in the previous equation, taking into account that c0s90=0, we get
T =TT +T? (110.2)
TP =T T (111.2)
Equation (111.2) represents the energy-momentum tensor of negative sub-
space-time in the special or general case in terms of the total and positive energy-
momentum tensor. By substituting the matrix of each tensor from Equations (91.2)

and (98.2), we obtain the energy-momentum tensor matrix for the negative sub-

space-time in the special case.

TOO TOl T02 T03 T"UO 0 0 0
- T TR TR T8 0 00O
T = 20 T2 T2 23| (112.2)
T 7T T4 71 0 00O
T T T3 7% 0 00O
FO Fo Fo2 03
- FOFu 2 FB
Too—| ! g (113.2)

- Tzo -|:21 -lrzz -|—23
TO 3 I .

From the previous two equations, we can obtain the negative energy density
component T% in terms of the total energy density and the positive energy den-

sity according to the following equation:
TO=T%_T% (114.2)
By substituting the values of each of T®,T® in the previous equation
T = p,y’c® — poy™V?2 = pyV? (115.2)
By substituting the proper density value in terms of the rest mass, the proper
volume, and the number of particles, where the mass transformation m=myy,

T :”\T_Wzy:{‘/_mvzy (116.2)

ol ol

As for the volume transformation in the negative subspace is according to the
negative modified Lorentz transformations, so we write the volume in terms of
both the total and positive relativistic volume according to the following equation

vV, =V, -V, ,but V

ol > ol —

V', 7" and V, =V, by substituting this, we also get

the volume transformation in the negative subspace V,, =V, ( yi- 1) , by adding

the amount ( 7/71 —1) in the numerator and denominator in Equation (116.2):

To0 _ nm )\72)/(7-1_1):5\72 (1_7/) (117.2)

. -1
Vol (7/ -1
where pV? represents the negative relativistic energy density, p the negative
relativistic mass density. In the special case, as we explained above in Section 9.2,
there are no forces or changes in momentum in the negative subspace-time. So,
all other components of the tensor are zero, by substituting this in Equation

(113.2), we obtain the following formula for the negative subspace-time tensor
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matrix:
ANi(1-y) 0 0 0
TP = 0 000 (118.2)
0 000
0 000

In the general case, we use the tensor shown in the Equation (113.2), where the
reference frame is accelerating. We can also use the tensor shown in Equation (118.2)
in the general case, but as a local tensor, ‘e, at a point on the negative Subspace-
time curved under the influence of gravitational mass M, where y = 1/ 2MG/rc? .

By substituting back into Equation (114.2), the value of T™ from Equation
(117.2) and the values of each of T®, T shown above in terms of p, in Equa-
tions (93.2) and (104.2).

V2 (1—;/):,00027/2 —,ooc2 (119.2)
2 —_ -
V2 = poc’ yl_ PV x—pc’y Vg <c (120.2)

The previous equation shows us that the relativistic energy density of the dust
on the negative subspace-time fabric with respect to the observer O in the special
case increases with the increase in the velocity of the reference frame but with a

negative value.

2.13. Gravitational Field Equations for Positive and Negative
Subspace-Time

The general theory of relativity describes gravity as a curvature in the total fabric
of space-time through the Einstein field equations [20]. But as a result of the split-
ting of the total curved fabric of space-time in the general case into positive and
negative subspace-times, which is explained in the first paper, item 2.5, we, there-
fore, need to describe gravity in each subspace-time using new field equations spe-

cific to each subspace-time.

R —%Rg’” _ 871G (121.2)

c4

where R*" is the Ricci tensor for the total curvature of space-time, R is scalar
curvature (or the Ricci scalar) for the total of space-time ([14], pp. 161-162), g*”
is the metric tensor for the total space-time, G'is the universal gravitational con-
stant, T*" is the energy-momentum tensor on the total space-time as we previ-
ously explained. The result of the analysis of the metric tensor in the general case
shown in the first paper, Equation (81.1), as well as the analysis of the energy-
momentum tensor in the general case shown here in Equation (110.2), by substi-

tuting for this in the Einstein gravitational field equations.
1 8nG (= =
uvo_ = RET sop ) _ €T ap
R 2R(9 +0 )——C4 (T +T7) (122.2)

Here, we also impose an analysis of the Ricci tensor into two tensors, where
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each new tensor is proportional to the properties of each subspace-time.

~ - 1 _. 1_ 8nG -, 8nG_-
R +R” =R +-Rg” =—T“ +—T7% (123.2)
2 2 c c
We can now look at the last equation as representing the sum of two equations,
where each similar tensor set in the upper index represents an independent equa-
tion.
e 1_ ... 8nG.=
RT —ZRG" = 2T (124.2)
2 c
The first equation represents the gravitational field equation in positive sub-
space-time, and it is called the positive field equation. Because the positive sub-
space-time in the general case is flat space-time as explained in the first paper item
2.6, therefore R =0 and the previous equation is reduced to the following for-
mula.

1 8nG -~
__R"‘ET — TET
2 g ¢’

(125.2)

As for the second equation, it represents the gravitational field equation in neg-
ative subspace-time, and it is called the negative field equation and is written in

the following formula

<o 1 8nG =

R” -—Rg” =——-T% 126.2
> g o (126.2)

The new field equations for the gravitational field in the inverse relativity model
do not represent a substitute for the field equations in general relativity, but they
are a logical result after analyzing the metric tensor, energy-momentum tensor,
and Ricci tensor. It is an attempt to study the gravitational field in each subspace-
time instead of the total space-time. For example, when looking at the first equa-
tion, the positive field equation, which describes gravity in the positive subspace-
time, as we explained in the first paper, the positive subspace-time is a flat space-
time despite the presence of masses that have attraction between them, and it also
represents the space-time of causality. Therefore, gravity does not appear in this
subspace-time as a curvature, but rather appears as a force that causes attraction.
It represents the most appropriate space-time to describe the quantum field of
gravity and the behavior of the quantum particles that create the effect of gravity.
Thus, the solution of the equation represents a description of a quantum field.
While the second equation is the negative field equation, we find that it describes
gravity as a curvature only without the presence of a force because the negative
subspace-time is a curved spacetime and without causality, as we explained in the
first paper. Therefore, the solution to this equation is the same steps as the solution
to the field rates in general relativity, Ze., through the scalar curvature, Christo-
pher symbols, etc. We can say that the positive subspace-time is the back-
ground that describes the behavior of the quantum field of gravity, while the

negative subspace-time describes the curvature arising from the behavior of the
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quantum field.

3. Results

The result of analyzing the 4D displacement vector on the total space-time fabric
in the special and general cases and the splitting of the total space-time fabric into
a positive subspace-time and a negative subspace-time is described in the first pa-
per. Here, we also get an analysis of each of the 4D vectors (velocity, acceleration,
momentum, and energy-force) on the total space-time fabric into two vectors, one
on the positive subspace-time and the other on the negative subspace-time.
Through the positive and negative modified Lorentz matrices also shown in the
first paper, we obtain the following transformations. Velocity transformations
where the speed of the particle decreases in the positive subspace and increases in
the negative subspace with respect to a fixed observer (which is a result that con-
tradicts special relativity). See comparison Table 1 and also the set of Equations
(15.2) and (53.2). Relativistic momentum transformations, where the momentum
remains constant in the positive subspace (which is a result that contradicts spe-
cial relativity) and increases in the negative subspace with the increase in the speed
of the reference frame with respect to a fixed observer. See set of Equations (31.2)
and (68.2). Relativistic total energy transformations, where energy decreases in
the positive subspace (this is the opposite result of special relativity) and increases
in the negative subspace with respect to a fixed observer, see comparison Table 2
and also Equations (32.2) and (71.2). Force transformations, where the forces de-
crease in the positive subspace (this is also a result opposite to special relativity),
and are non-existent in the negative subspace with respect to a fixed observer. See
the set of Equations (40.2) and (77.2). The previous transformations in each sub-
space represent new relativistic mechanics that differ from relativistic mechanics
in the total space of special relativity in terms of the formulation of laws and re-
sults as well. In the general case, we also have new types of energy-momentum
tensors, one for positive subspace-time and the other for negative subspace-time.
See equations (101.2) and (118.2), where we find that the energy density decreases
in positive subspace-time (this is an opposite result of general relativity) and in-
creases in negative subspace-time., and we also get new gravitational field equa-
tions in each subspace-time. See comparison Table 3 and look at Equations (125.2)
and (126.2), which differ from Einstein’s gravitational field equations in general

relativity in terms of mathematical formulation and solution methods as well.

4. Discussions

In the positive subspace, we find that physical quantities such as velocity, acceler-
ation, momentum, and forces with respect to the observer O, shown in the follow-
ing set of Equation (127.2), change with their counterparts changing with respect
to the observer O’ as a result of any event or causality that occurs to the particle.

For example, when a collision between two particles occurs, the velocity of each
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particle changes, it has an instantaneous acceleration, the momentum of the par-
ticle also changes, and it has a force with respect to the observer O’. We also find
a similar change in the velocity, momentum, and forces of each particle with re-
spect to the observer O in the positive subspace. This means that the relativistic
mechanics of the particles here are linked to the causality that occurs in this sub-
space (collision), that is, it possesses the geometric properties of the positive sub-
space described in the first paper, item 2.3. Thus, we have obtained a new relativ-

istic mechanics that we call positive relativistic mechanics.

0,=u,y" &=a,° p=p, F=Fo"
a,=u,y"t 4&=a,y° p,=p, F=F," (127.2)
a=u,y" &=a,7° Pp=p, F=F,"

As for the negative subspace, we find that the physical quantities such as veloc-
ity, acceleration, momentum, and forces with respect to the observer O, shown in
the following Equation (128.2), are constant while the velocity of the reference
frame remains constant, that is, they do not change with the change of their coun-
terparts with respect to the observer O’. This means that these physical quantities
of the particle here are not linked to any causality that happens to this particle. In
other words, the relativistic mechanics of the particles here have the geometric
properties of the negative subspace described in the first paper, item 2.4. Thus, we

have also obtained a new relativistic mechanics that we call negative relativistic

mechanics.
u=V, a=0 p=mv, F =0
u,=0 a=0 p,=0 , =0 (128.2)
=0 a=0 p,=0 F =0

Table 1. Comparison between velocity transformations in special relativity and inverse rel-

ativity.
Transformations . L. L.
. Special Relativity Inverse Relativity
of Velocity
Velocity Transformation Velocity Transformation
in Total space in Positive subspace
u = Vs+u“x UX:u‘nyl
X Vu', s N
1+ o2 a,=uy
~ ~ 4
. 4, =u
Equations U = uy : =127
y o~ vu Velocity Transformation in
S X
4 (14' 2 j Negative subspace
o u, =V,
u, = T -
: 1+ Vu', u, =0
e u,=0
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Table 2. Comparison between the total relativistic energy in special relativity and inverse

relativity.
Transformations of ) . .
Special Relativity Inverse Relativity
Total Energy
Total Relativistic Energ Positive Relativistic Energy
u‘x =0 E = E‘]/d
Equations Negative Re{athlstlc Energy
1 u,=0
V= VE Vv
1-°8 E=E—=(y-1
= ~(r=1)

Table 3. Comparison between the gravitational field equations in general relativity and
inverse relativity.

Gravitational Field General Relativity Inverse Relativity

Positive subspace-time

1__.. 8nG._-
Total space-time -—Rg" = n4 T
Equations 1 8nG 2 ¢
q R - Rg" = CTT"" Negative subspace-time
_ 1 8nG =
R(w—va{Tp - TO'X?
29 c*

In the first paper, we explained that the inverse relativity model paves the way
for solving problems in which both special and general relativity failed through
the geometric properties of each subspace-time. However, the first paper included
transformation coordinates of the space and time for each subspace-time in the
special case, and the metric tensor for each subspace-time in the general case, and
this is not sufficient to solve problems such as relativistic thermodynamics [21] or
quantum gravity, Whereas, treating thermodynamics according to the new model
requires relativistic mechanics specific to each subspace-time, and treating quan-
tum gravity according to the new model also requires describing the energy-mo-
mentum tensor in each subspace-time, as well as the gravitational field equations
specific to each subspace-time. Therefore, the second paper represents a comple-

tion of the inverse relativity model.
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