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Abstract

Third paper on the inverse relativity model, the first paper [1] included the
splitting of total spacetime into positive and negative subspace-times, the sec-
ond paper [2] included a description of relativistic mechanics in each sub-
space-time. In the third paper here, we study the properties, quantization and
diagrams of each subspace-time and as a result we get the inverse length rela-
tivity where the length expands from the value zero to the original length in
the negative subspace, inverse relativity of simultaneity where simultaneity is
absolute and time is real and not an illusion in positive subspace, inverse rel-
ativity of time where time contracts to become supertime in negative subspace,
inverse relativity of mass and kinetic energy where both are reduced in positive
subspace. The paper also included new concepts of mass, work, and motion,
An explanation of Heisenberg’s principle and discovering the existence of the
inverse of the principle, and the quantization of transformation equations in
each subspace. According to this quantization, we do not need infinite energy
for a material particle to reach the speed of light in the special case, and there
is no infinite energy density for a dust field in negative subspace in the general
case. The structure of the negative subspace-time does not collapse when the
speed of the reference frame reaches the speed of light, but the negative sub-
space-time turns into reverse subspace-time. We also propose in the paper a
possibility for testing the model.
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1. Introduction

In the first and second papers, we presented the idea of the inverse relativity model
and the approach followed with that model. According to this presentation, we
can say that the inverse relativity model, whether in the special or general case, is
a model for studying the structure of spacetime itself as a complex structure of
subspace-times. And not to study a physical problem in itself, as in special relativ-
ity, the purpose of which was to find a solution to the problem of the stability of
the speed of light in the experiment of Michelson and Morley [3] and the results
resulting from that solution, or as in general relativity, where Einstein sought to
provide an explanation of gravity as a curvature of the fabric of space-time [4] and
the results resulting from that as well after Newton’s failure to provide an expla-
nation of the nature of gravity. However, the model paves the way for solving some
problems of modern physics such as the problem of relativistic thermodynamics
[5]. In the third paper we complete the model by studying the following properties:
the measurement of length in the direction of motion or the proper distance, the
simultaneity between two events, the proper time, the mass and kinetic energy in
each subspace-time, and also the shape of the diagrams of positive and negative
subspace-times and the structure of causality associated with these diagrams. We
will also try to understand the relation between mass, energy, work and motion
more deeply according to the new energy and momentum transformations for
each subspace-time described in the second paper. As we know, the measurements
of length, distance, time, simultaneity and mass in classical Galilean relativity [6]
are physical constants when transferring from one inertial frame of reference to
another. However, with the emergence of special relativity [7] our view of these
physical constants changed, as these constants appeared as relativistic variables
when transferring from one inertial frame of reference to another when the rela-
tive speed between the frames of reference is close to the speed of light. For exam-
ple, the length in the direction of motion contracts and the time taken for an event
expands with the motion of the reference frame, events that are simultaneous with
respect to one observer are not necessarily simultaneous with respect to the other
observer, mass increases with the motion of the reference frame [8]. The results
of special relativity were revolutionary for its time, as it changed many concepts
of physics at that time. However, on the other hand, we find that relativity went
too far in describing the nature of time, as it considered time an illusion and pre-
sented the concept of a block universe [9], thus contradicting the thermodynamic
concept of time. We also find that the structure of space-time in the special case
collapses when the speed of the reference frame reaches the speed of light theoret-
ically, where length contracts to infinity and time expands to infinity as well. In
the general case, when the gravitational particle reaches the Schwarzschild radius,
we have a spacetime singularity and an infinite energy density. Both special and
general relativity are classical theories [10] because they ignore quantum proper-
ties such as the Heisenberg principle [11], which results in great difficulty in quan-

tizing spacetime, or in other words, showing the quantum properties of particles
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on flat spacetime in the special case or on curved spacetime in the general case.
Considering inverse relativity a modern model for the structure of space-time in
the special and general cases, does it reveal to us new properties of time and space
that none of the previous theories have reached? In other words, will the new
model reveal to us another behavior for the relativistic variables of length, time,
simultaneity, mass, and energy? Can the new model theoretically solve the prob-
lems rooted in special and general relativity? This is what we will try to answer in

this paper.

2. Methods
2.1. Inverse Relativity of Length

Assuming that we have two inertial reference frames [12] S and S’ from orthogo-
nal coordinate systems, each frame of reference has an observer at the origin O
and O’, and that the frame S’ is moving at a constant speed V; with respect to the
frame S in the positive direction of the x-axis. We also assume that we have in

frame S a stationary rod whose length is parallel to the x-axis, see Figure 1.

Y Vs,
y/
]
o rooe 0’ .
p (@) e (b)
S—oxyzt Soxyzt

Figure 1. (a) shows the length of the positive and negative rod relative to the reference
frame S, (b) shows the length of the rod relative to the reference frame S’.

Because the rod is fixed with respect to the frame of reference S’ and its length
is parallel to the X -axis, the ends of the rod lie on the X -axis. The observer O’
measures the first end of the rod at the point X and the time t, and the second
end at the point X, and the time t’,, the length of the rod represents the differ-
ence between these two points |’y = AX". As for the observer O, the rod will ap-
pear to be moving. Therefore, the two ends of the rod must be measured at the
same instant in time. If we want to observe the length of the rod in the positive
subspace, the first end of the rod will be at the point % and the time f, and the
second end will be at the point X, and the same time f, and the positive length
of the rod represents the difference between these two points | = AX. From the
inverse positive modified Lorentz transformations shown in the first paper [1],
Equation (11.1), we obtain the transformation of the coordinates of each point on

the x-axis in the positive subspace.
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X = X\l X, = X\z (1.3)

By subtracting the two equations, we obtain the transformation of the spatial
period into the positive subspace, which also represents the positive length of the

rod
A=A, = I=I (2.3)
Equation (2.3) shows us that the length of the rod in the positive subspace is

constant for both observers. This is due to the symmetry of the positive subspace

structure for both observers, as shown in the first paper [1], Section 2.3.
=7 (1= ) HtL) Re=p (1)) (3.3)
By subtracting the two equations
Ay =y (WX (177 ) + VAL (4.3)

But Equation (4.3) shows the time of the observer O’ and not the time of the
observer O, so we use the fourth equation of the inverse negative modified Lorentz
transformation, Equation (45.1), shown in the first paper, to transfer time from

t" to f ateach point in the observer’s location O.
. NEAA'S . NEA'A'S
tl=7/(tl+ Szlj tzzy(t2+ 522) (5.3)
c c

By also subtracting the two equations, we get

AL, = y(m‘ﬂ +V5i§\21j (6.3)
A, =AU,y + yVSif\Zl (7.3)
Aty =At, - ;/VSA;(21 (8.3)
At = Ay —Vﬁfﬂ (9.3)
Substitute (9.3) in (4.3)
AX,, = ;/(AX‘Zl(l— y )+ VAt —%J (10.3)

The last equation represents the transformation of the spatial period in the neg-
ative subspace in terms of the observer’s time O. As we assumed above, the ob-
server O measures both ends of the rod at the same time because the rod is moving

relative to him, Z.e. Af,, =0, by substituting this in Equation (10.3).

2 N
AX21:7[AX\21(1_71)_%J (11.3)
By taking AX’,; asacommon factor
VZ
ARy, = ;/Ax‘z{l— yt —C_Szj (12.3)
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2
But, [1—:—2) =y

Ay =7 Ay (77 =7 7) (13.3)
A%y = Ay (77 1) (14.3)

We finally obtain the transformation of the spatial period in the negative sub-
space with the condition of simultaneity in the length measurement process with

respect to the observer O, by substituting the value of each of AX,, and AX,,
F=1y(r*-1) (15.3)

Equation (15.3) shows us that the length of the rod in the negative subspace
expands with respect to the observer O with the increase in the speed of the refer-
ence frame (the speed of rod) from the value zero to the value |';. When the rod
isatrest, or V, <« C, the reciprocal of the Lorentz factor is 7' ~1, and therefore
I =0, but when the speed of the rod approaches the speed of light, the reciprocal
of the Lorentz factor in this case 7>~ 0 and therefore | ~ —I'y ,This result is the
opposite of the result of special relativity ([13], p. 23), so the length relativity here
is called inverse length relativity. However, it does not represent a contradiction
with special relativity, because the expansion here is negative as shown above.
Therefore, the expansion here represents the amount of decrease in the length of
the rod resulting from the real contraction of length in special relativity. When
the rod in rest or V, < ¢, I =0, which means that the amount of contraction in
the length of the rod according to special relativity is equal to zero, and when the
speed of the rod reaches the speed of light, theoretically, the expansion increases
by a negative value until it reaches the same amount as the length of the rod,
I~ —I'y, ie. the rod contracts by an amount equal to its length, therefore the real
length according to special relativity will be equal to zero. So by adding the posi-
tive and negative lengths of the rod 1 =1 +1 , we get the length contraction of the

rod according to special relativity.

=15+ 15(y"-1) (16.3)
=1y (17.3)

The negative subspace contains positive distances because it expresses real mo-
tion, which is the motion of the rod with the frame of reference according to the
first and second papers, where the speed in the negative subspace is always equal
to the speed of the frame of reference, but positive distances are related to time.
The negative distance appears only when we assume that there is no time in the
negative subspace or that Af,) =0 as we assumed above. According to special
relativity, we explained above that when the speed of the rod reaches the speed of
light, theoretically only the length of the rod becomes zero, but this result repre-
sents a collapse in the structure of space [14] in the length transformation equa-
tion and a loss of information as well for the observer O, while the structure of

space and the information about the length of the rod remain present for the ob-
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server O’, which constitutes a paradox or contradiction in the special relativity. In
the inverse relativity model, there are no collapses in the length transformation
equation at the speed of light, as both observers have the same rod length, but one
of them has a negative sign, which represents the preservation of the structure of

the negative subspace in addition to the structure of the positive space.

2.2. Inverse Relativity of Simultaneity

If we have two events A, B (for example, two lightning bolts in the sky) sepa-
rated by a distance on the X -axis, and we want to observe the two events in the
positive subspace-time where the moment the two events occurred, the coordi-
nates were X, =X,=0 and f,=t, =0, look at Figure 2. The observer O’ ob-
serves the coordinates of the first event (X,,¥'s,Za:ty) and the coordinates of
the second event (X,Y'5,25.t;") with respect to the reference frame S’. As for
observer O, he observes the coordinates of the first event ()?A, Vs ZA,fA) and the
coordinates of the second event ()?B, Vs, ZB,fB) with respect to the reference

frame S but in the positive subspace.

UVAV: - S\
e —
<z Q' Yo
B ¢
A B

Figure 2. Shows two lightning bolts occur at the moment when the

reference coordinates of frames S and S’ coincide.

From the inverse positive modified Lorentz transformations shown in Equation
(15.1), we obtain the time transformation for each event in the positive subspace-
time.

=ty L=ty (18.3)

By subtracting the two equations, we obtain the transformations of the time

period between the two events in the positive subspace-time.

Afyy = At 57 (19.3)

If the two events are simultaneous with respect to the observer O’, that is, the
two lightning bolts occurred at the same time, then At’,; =0. By substituting

this into the previous equation, we get
Aty =0 t,-t,=0 t, =1 (20.3)
This means that the two events are also simultaneous with respect to the ob-

server O in the positive subspace-time. Thus, simultaneous events separated by a

distance on the x-axis with respect to one observer in the positive subspace-time
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are also simultaneous with respect to the other observer. This result is the opposite
of the relativity of simultaneity in special relativity ([13], p. 16), As we know, sim-
ultaneous events that are separated by a distance in the total spacetime (Minkow-
ski spacetime) with respect to one observer are not simultaneous with respect to
the other observer, so we call the relativity of simultaneity here the inverse rela-
tivity of simultaneity, which simply means that the simultaneity between events is
absolute with respect to both observers in the positive subspace-time. This result
reveals more about the nature of time. For example, if we have three consecutive
events in time D F G with respect to the observer O’. If event F represents the
present or now with respect to the observer O’, then event D is past and event G
is future and there can be a causality between them such that event G is the result
of event D. According to special relativity, the two causally separate asynchronous
events D F with respect to observer O’ can be simultaneous with respect to one
observer in the universe. We also find that the two causally separate asynchronous
events F G can be simultaneous with respect to another observer in the universe,
Le.event F is simultaneous with event D and event G. This means that the moment
of now is synchronous with the moment of the past and the moment of the future.
This conclusion led Einstein to believe that time is merely an illusion and that the
past, present and future of all cosmic events exist at the same moment on the total
fabric of spacetime for different observers, which is known as the block universe
[15]. But such a conception of the nature of time results in many philosophical
and logical problems, especially the thermodynamic conception of time. Either in
the inverse relativity model or in positive subspace-time, we find that non-syn-
chronous events remain non-synchronous for all observers in the universe. This
means that observer O or any other observer in the universe will observe events D
F G in the same temporal order, 7.e. the moment of the past precedes the moment
of now and the moment of now precedes the moment of the future. Thus, time
appears here as an arrow passing from the past to the future, which is consistent
with the concept of thermodynamic time. This represents a fundamental differ-
ence between the nature of time in special relativity as an illusion and the nature
of time in inverse relativity as a reality.

If we want to describe the same two events in negative subspace-time, the ob-
server O observes the coordinates of the first event ()'(A, YarZ A,fA) and the coor-
dinates of the second event (XB, Y. ZB,fB) with respect to the reference frame S
where at the moment the two events began to occur the coordinates were also
X,=X,=0 and f,=t, =0, Through the inverse negative modified Lorentz
transformations shown in the first paper [1], Equation (45.1), we obtain a time

coordinate transformation for every event in negative subspace-time.
. . VX - VX
tA=7(tA+ SzAj tB=7/(tB+ Ssz (21.3)
c c

By also subtracting the two equations, we get the transformation of the time

period between the two events in the negative subspace-time.

. . VAX
Aty = y(At B +5—2A5j (22.3)
C
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Also by substituting At’,; =0 in the previous equation and because the two

events are simultaneous with respect to the observer O’ as we assumed above
Aty >0 t,-t,>0 t, > (23.3)

This means that the two events are not simultaneous with respect to the ob-
server O in the negative subspace-time, Ze. events that are simultaneous with re-
spect to one observer are not simultaneous with respect to the other observer in
the negative subspace-time, so the simultaneity of events here is relative and not
absolute. This result is consistent with special relativity. But as we explained in
the first paper, Section 2.4, negative subspace-time is spacetime devoid of causality,
ILe. time here does not express the time of causality. Accordingly, the events D G
shown in the previous example above, which exist between them causality with
respect to the observer O’, are not causally connected with respect to the observer
O in negative subspace-time. Thus, the simultaneity of these events in negative

subspace-time does not express the illusion of causal time.

2.3. Inverse Relativity of Time

But if we want to observe here the time of the event A independently (It is the emis-
sion of a light pulse resulting from the first lightning bolt) in the positive subspace-
time. For the observer O’ the event is observed in the time period At’=t’,, while
for the observer O it is in the time period Af =f, where {,=t;,=0 as we as-
sumed before. Through the inverse positive modified Lorentz transformations we

obtain the transformation of the time period of the event A.

Af = Aty (24.3)

Equation (24.3) shows us that the time period dilates with respect to the ob-
server O in the positive subspace-time as the velocity of the reference frame V,
increases. This result agrees with the results of special relativity ([13], p. 17) with
a slight difference in that here we find that the dilation of the time period of the
event does not depend on the distance traveled by the pulse on the X -axis. That
is, time dilates here regardless of the direction or axis in which the light pulse
moves or in which the event is located in general. But if we want to describe the
same event in negative subspace-time, we obtain the transformation of the time
period of the event directly through the inverse negative modified Lorentz trans-
formations according to the following equation:

VSAx‘j

> (25.3)

Af:y[Ar+

The last equation shows that the time period in general expands with respect to
the observer O in the negative subspace-time as the velocity of the reference frame
V, increases. But what if we want to transform time in negative subspace-time
when the speed is symmetric between the reference frames, as we find in special
relativity or in Minkowski’s total spacetime, the speed of light is same or constant
for both observers? Here we can also set the speed stability condition in the nega-

tive subspace-time with respect to both observers. As we explained in the first and
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second papers, the velocity of light or any particle or event in general with respect
to the observer O in the negative subspace-time is equal to the velocity of the ref-
erence frame V,, by analyzing the velocity of the pulse in the reference frame §’
for either event A or B on the X' -axis, We get the pulse velocity V, equal to the
frame velocity V, and it has a negative value V, =-V, because the reference
frame S moves in the negative direction on the X -axis, so AX =-V,At". By sub-

stituting this in the equation we get

Af = y[m‘—vs\(/:;mj (26.3)
By taking At asa common factor
Af = Aty (1—\2—5:} (27.3)
But (1—1—{} =y
At = Aty (28.3)
AT = Aty ™ (29.3)

/ 2
AT = At 1—\(/:—52 (30.3)

Equation (30.3) is a special case of Equation (25.3). It shows us that time con-
tracts for the observer O in the negative subspace-time as the velocity of the ref-
erence frame V, increases if the velocity of the event is the same for both observ-
ers in the negative subspace-time. It is the opposite result of the dilation of time
in special relativity, so the relativity of time here is called inverse time relativity. If
the reference frame S’ moves at speeds less than the speed of light, the amount of
contraction in time is very slight and can be neglected. But when the reference
frame S’ moves at speeds close to the speed of light, the amount of contraction in
time is very large, and in this case we call it supertime. The purpose of this result
is to understand the nature of time and to reveal new properties of time. Just as
time expands over the total space-time in special relativity or over the positive
subspace-time in inverse relativity, time can also contract in the negative sub-
space-time. However, as we mentioned, negative space is a space without causality,
so the contraction of time here does not represent an acceleration of causally
linked events, but rather it is specific to the energy of that space. We will explain

the importance of that in Section 2-7.

2.4. Inverse Relativity of Mass

In the second paper, we obtained the transformation of the relativistic energy of a
particle with rest mass from the reference frame S’ to S in each subspace, where
we showed in the second paper, Equation (32.2) [2], that the transformation of
the positive relativistic energy E of the particle decreases with respect to the ob-

server O in the positive subspace with increasing velocity of the reference frame
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V,, According to the following equation.

Ve
c 2

E=Ey' = E=E\[1 (32.2)
where E’=mt¢c? and E=mV? is the positive relativistic energy, V is the
speed of light in the positive subspace-time. m is the total relativistic mass with
respect to the reference frame S, so the mass m is the mass equivalent to the total
relativistic energy and not to the positive relativistic energy, in other words it is
not a mass characteristic of the positive subspace energy. Because relativistic en-
ergy is a function of relativistic mass according to special relativity ([16], pp. 48-
49), Therefore, we can write positive relativistic energy in terms of positive rela-
tivistic mass M, which represents the mass equivalent to positive energy, where
the change in positive relativistic energy depends only on the change in positive
mass, In this case, the relation between positive mass and positive energy is written
in the same formula used in special relativity: E =mic®, where ¢ here repre-

sents a constant in the formula of the law.
E =mV? =mc? (31.3)
By substituting the value of each energy into Equation (32.2)

mc? =mc?y ! (32.3)

VZ
Mm=my' = m=m 1—C—52 (33.3)

From Equation (33.3) we find that the relativistic mass of the particle with re-
spect to the observer O in the positive subspace decreases as the velocity of the
reference frame increases. This result is also the opposite of the relativity of mass
in special relativity ([16], pp. 43-44), so the relativity of mass here is called inverse
mass relativity. As for the mass transformation in the negative subspace is through
the relativistic total energy transformation equation, Equation (70.2), also shown

in the second paper [2]
-V N N -
E:?Sy[pXVS+E(1—;/ 1)] (70.2)

where E represents the negative relativistic energy and is equal to E=mV?,
V  represents the speed of light in the negative subspace-time, and here we also
find that the negative relativistic energy is written in terms of the total relativistic
mass m equivalent to the total relativistic energy, and not in terms of the mass
equivalent to the negative energy or a distinct mass of the energy of the negative
subspace. Thus, here we can also write the negative relativistic energy in terms of
the negative relativistic mass M which represents the mass equivalent to the neg-
ative energy in the same formula used in special relativity E =mc?, where c is,

as we mentioned before, a constant in the formula of the law
E=mV?=mc’ (34.3)

By substituting the value of each energy in the equation
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mc’ = \%7[ p V., +m¢c? (1— ;/’1)} (35.3)

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

the equation is reduced to the following formula:

mc? =m'c? V—Cs(y -1) (36.3)
m= m‘%(;f—l) (37.3)

Equation (37.3) shows us that the relativistic mass increases with respect to the
observer O in the negative subspace with the increase in the speed of the reference
frame. This result agrees with the relativity of mass in special relativity, with a
different mathematical formulation. Although the positive relativistic mass is less
than the mass m™ (which contains the rest mass m,) until it approaches zero
when the speed of the reference frame approaches the speed of light, this theoret-
ically. However, this does not represent a loss of the actual rest mass of the particle,
but rather a transfer of mass from the positive to the negative subspace, as the rest
mass remains conserved in total space. We conclude from the above that the anal-
ysis of the total relativistic energy into positive and negative energy, as explained
in the second paper, Section 2.4 and Section 2.8, necessarily also leads to the anal-
ysis of the total mass into positive mass and negative mass equivalent to each type
of energy. It must be noted here that the concept of negative mass is specific to the
inverse relativity model and is completely different from the negative mass hy-
pothesis in general relativity, which is incompatible with masses similar to it in

sign [17].

2.5. Inverse Relativistic Kinetic Energy

Although the second paper included a description of relativistic mechanics in both
positive and negative subspaces. It did not include the transformation of relativ-
istic kinetic energy from the reference frame S’ to S in each subspace. From the
equation for the transformation of the total relativistic energy from the reference
frame S’ to S in the positive subspace shown above in Equation (32.2), we obtain

the equation for the transformation of the change in positive relativistic energy.
AE = AEy™ (38.3)
According to special relativity, the change in relativistic total energy is the dif-
ference between the relativistic total energy and the energy of the rest mass ([16],

pp. 47-48), which is equal to the relativistic work done on the particle or the rela-

tivistic kinetic energy, .e. AE'=kE" and AE =KE . Substituting this into Equa-

2
KE=KE»" = KE=kE /1—V—52 (39.3)
C

Equation (39.3) represents the transformation of relativistic kinetic energy from

tion (38.3) we get

the reference frame S’ to S in the positive subspace. It shows us that the relativistic
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kinetic energy decreases with respect to the observer O in the positive subspace as
the speed of the reference frame increases. This result is also the opposite of the
transformation of relativistic kinetic energy in special relativity, so positive rela-
tivistic kinetic energy is called inverse relativistic kinetic energy. From the equa-
tion for the transformation of the total relativistic energy from the reference frame
S’ to S in the negative subspace given above in Equation (70.2), we also obtain the

equation for the transformation of the negative relativistic energy change.
AE =V y[Ap‘Xvs +AE(1- yfl)] (40.3)
c

As we mentioned above, the change in total relativistic energy represents rela-
tivistic kinetic energy, so the change in negative relativistic energy represents neg-
ative relativistic kinetic energy, ie. AE =kE . Substituting this into the previous

equation, we get
kE :%y[Ap‘XVS +kE‘(1—y'1)] (41.3)

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

the equation is reduced to the following formula:
= V
kE =kE'=(y-1) (42.3)
C

Equation (42.3) shows us that the relativistic kinetic energy increases with re-
spect to the observer O in the negative subspace as the velocity of the reference
frame increases. This result also agrees with the relativistic kinetic energy in spe-
cial relativity. Although it differs in mathematical formulation, we conclude from
the above that the analysis of the total relativistic energy into positive and negative
energy, as explained in the second paper, necessarily also leads to the analysis of
the relativistic kinetic energy into positive and negative relativistic kinetic energy.
It should also be noted here that the concept of negative energy is specific to the
inverse relativity model and is completely different from the negative energy in

quantum mechanics or general relativity, which generates antigravity [18].

2.6. The Concept of Mass, Work and Motion According to the
Inverse Relativity

Special relativity provided us with the principle of mass-energy equivalence ([16],
p. 48) [19], which explained that mass is a form of energy. Einstein also defined
the relations between mass and energy in the famous equation E =mc?, but de-
spite that, that equation explains the relationship between matter and energy is
only normative, that is, how much matter is equivalent to how much energy, or
vice versa. The nature of this equivalence remains ambiguous as physicists use
expressions for rest mass as rest energy or concentrated energy. Here we will try
through the new model “Inverse Relativity” to provide a deeper understanding of
the relationship between matter and energy. This includes new concepts for each

of mass, work and motion using the reference frame system shown above in Fig-
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ure 1, but assuming the existence of a box at rest with respect to the reference
frame S’ containing a light source at point P that emits a photon in the positive

direction of the X -axis from point P to point Q. See Figure 3.

y s,
y/
L ~W\\W> Q
0 0’ T x’
z 2/

Figure 3. Shows a box with a light source whose frame of
reference is §’, moving at constant velocity relative to the
frame of reference S.

According to quantum mechanics, photons have momentum [20] and there-
fore also have force. Here we can determine the momentum of the photon with
high accuracy by considering the known energy source versus the uncertainty in
the photon’s position according to Heisenberg’s principle. When a photon is pro-
pelled with a force F°, from the light source at point P in the positive direction
of the X -axis, the box is propelled backwards in the negative direction of the X
-axis with a force of —F, as a reaction resulting from the photon propelling
forward according to Newton’s third law. When the photon reaches point Q, it col-
lides with the box and loses energy and momentum. As a result, the box is propelled

in the positive direction of the X' -axis to return to its original position again.

F =—F, = F,+Fy =0 (43.3)

7 box box

We conclude from the previous equation that the sum of the forces on the X -
axis affecting the system (i.e. the box and the photon) is equal to zero Y F =0,
which means that the system is stationary with respect to the observer O’. We can
compensate for every force acting on the system in terms of the change in mo-
mentum, where Am’,c / At’ represents the change in the photon’s momentum,
and M, AU, / At" represents the change in momentum of the box.

Amc M AU
At X

box

Al (44.3)

But at time zero the initial momentum of both the photon and the box was zero.

Substituting this into the previous equation and rearranging the equation we get.

—= (45.3)
c

According to the principle of inverse relativity, which represents an application
of the principle of special relativity [21] but in the positive subspace shown in the

first paper, item 2.3, we can apply Newton’s third law in the positive subspace with
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the same mathematical formula as Equation (44.3), and thus we obtain the same
relationship shown in Equation (45.3) but in the positive subspace.
l])(
m, =My, & (46.3)

By substituting from the transformation equation for the speed of light in the
positive subspace Equation (23.1) shown in the first paper, by also substituting
from the transformation equation for the speed of the particle on the X -axis in
the positive subspace from the first equation of set No. 15.2 shown in the second
paper, and also by substituting from the transformation equation the box mass

according to special relativity in the previous equation we get.

m,=my (47.3)

We find here that the total mass of the photon with respect to the observer O
increases with the increase in the speed of the reference frame (the speed of the
box), and we conclude from this two important points. The first point is that the
mass equivalent to the energy of the photon appears here as the rest mass
m’, =m’, where we can consider the energy of the photon as part of the energy
of the rest system, so it is rest energy and is equivalent to rest mas. The second
point, part of the mechanical work done on the box is transferred to the photon
and turns into an increase in the total energy of the photon, and thus an increase
in the mass equivalent to that energy. But if the photon is moving at the maximum
possible speed, which is the speed of light, why is work done on the photon? To
answer this question, we apply the relativistic energy transformation equations for
a particle with rest mass in both positive and negative subspace to the photon
stuck inside the moving box. According to the relativistic energy transformation
equation in positive subspace shown in the second paper, Equation (32.2), we find
that

E, =E»" (48.3)
Substituting for the value of Ey, E; according to what is shown above and in

the second paper.

mV7:=m ¢’ (49.3)

4

Substitute (47.3) in (49.3)
V. =cy™ (50.3)

Here we find that the energy of the photon decreases with respect to observer
O in the positive subspace as the speed of the reference frame increases, although
the total mass m, equivalent to the energy of the photon increases as a result of
the work done, but the decrease in the speed of light in the subspace has a greater
effect than the increase in mass, and by also applying the relativistic energy trans-
formation equation for a particle with rest mass in the negative subspace Equation
(70.2) shown above to the photon, we find that

E, =%7[ PV, +E, (1—y-1)] (51.3)
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where p°, here represents the momentum of the photon that moves with the
system and not inside the system, and because the system is stationary with respect
to the reference frame §’, thus p°, =0, so the previous equation is reduced to the

following formula.

E :E‘ﬁ(y—l) = E, <W (52.3)

4 r

Equation (52.3) shows us that the relativistic energy of the photon increases with
respect to the observer O in the negative subspace as the speed of the reference
frame increases. However, this energy, which represents the sum of the energy of
the rest mass and the relativistic kinetic energy which the photon moves with the
box, it is less than the relativistic work done on the photon W, = E; ( % —1) . This
is an unexpected result and simply means that the work done on the photon is not
converted into kinetic energy. But it also makes sense. If the photon is moving at
its maximum possible speed, which is the speed of light ¢ on the x-axis with
respect to the reference frame S. Therefore, the work done here cannot increase
the speed of the photon according to the second postulate in special relativity. So
the work is only converted into an increase in the total energy of the photon and
an increase in the mass of the photon equivalent to that energy, by substituting
the value of each of Ey, E; according to what is explained above and in the sec-

ond paper as well.

- L LV,
m}/VX2 =m yCz ?(}/—1) (533)
Substitute (47.3) in (53.3)
. V
2 -1.2
mVZ:=myc ?S(y—l) (54.3)

By dividing both sides of the equation by V., taking into account that V, =V
vV, =c(1-77) (55.3)

By substituting (50.3) into (55.3)
V. =c-V, (56.3)

We conclude from Equations (56.3) and (50.3) that when the photon velocity
V, increases in the negative subspace, the photon velocity V, decreases in the
positive subspace so that the resultant speed of the photon remains equal to the
speed of light ¢ in total space. The work done in the two equations also appears
as an increase in the relativistic mass equivalent to the photon’s energy, not the
kinetic energy. This means that the relativistic work is not to add a new speed or
motion to the photon, but to transfer the velocity from the dimensions of positive
subspace (the space in which the structure of the system appears, ie. the photon
and the box) to the dimensions of negative subspace (the space in which the mo-
tion of the system appears). In other words, it works to analyze the speed of light
to move the photon with the reference frame (the box), and thus the speed analysis

appears here as a real analysis made by the mechanical work done on the particle.
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It is the basis on which the inverse relativity model is based. Through the previous
example, we can obtain a new concept for each of mass, work, and motion.

In classical physics [22], the inertial mass of a particle is defined as the particle’s
resistance to motion, and in special relativity it is a form of energy, but in the new
model we can conclude that the inertial mass of a particle it is “the resistance of
relativistic energy to transition from the dimensions of positive subspace to the
dimensions of negative subspace. The work done is not to produce motion but it
is “the work required to transfer motion from the dimensions of positive subspace
to the dimensions of negative subspace”. We also conclude that the motion of a
particle is not a property acquired by the particle when work is done on it but it is
“a property possessed by the particle in positive space and transferred to negative
space by doing work on the particle.” Through the new concepts we can under-
stand the mechanism of motion of subatomic particles.

For example, the motion of the proton, as we know that the proton consists of
quarks with an infinitesimal rest mass that move at a speed very close to the speed
of light and gluons without rest mass that move at the speed of light, so the rest
mass of the proton [23] is considered the mass equivalent to the relativistic energy
of the quarks and gluons. When mechanical work is done on the proton to make
it move, this work cannot give more speed to the proton particles according to the
second postulate of special relativity [24]. Therefore, the work done works to
transfer the speed of the quarks and gluons from inside the proton (Ze. from the
positive subspace that represents the causal space and in which the strong nuclear
forces appear) to the negative subspace that represents the motion of the system
as a whole (the proton). It is also interesting to apply this mechanism to elemen-
tary particles. This leads us to conclude that particles with rest mass must have an
internal wave structure because it is the wave that has the property of motion. It
may be a standing wave in a field or a closed wave in a string. This is not the
subject of our research, but what is important is that it moves at the speed of light

and is subject to the previous transformation equations.

2.7. Hypothesis of Energy Fluctuation between Subspaces and
Quantization of Transformation Equations

Using the reference frames system shown in the previous example, but replacing
the source of photons with a source of electrons, if the observer O’ accurately ob-
serves the energy of the quantum particle with respect to the reference frame S,
he will have uncertainty in the time period that the particle takes to possess this
energy and vice versa according to the Heisenberg energy-time principle [25], as-
suming that the uncertain quantities of energy and time are subject to the energy-

time transformation equations of the positive subspace-time.

AE, =AE,y" AL, =At,y (57.3)

where AE,,

quantum particle with respect to the reference frame S’, while AE

At,, represent the amount of uncertainty in energy and time for the
Af,, repre-

un’

sent the amount of uncertainty in energy and time for the quantum particle with
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respect to the reference frame S but in the positive subspace-time. By multiplying

both sides of the first equation by both sides of the second equation, we get.
AE, AT, = AE, At (58.3)

The previous equation shows us that the formula of Heisenberg’s uncertainty
principle is constant for both observers under positive subspace transformations.
This result agrees with the principle of inverse relativity, as we mentioned above.
According to Heisenberg’s principle, AE, At =7#/2, by substituting this in the

previous equation, we get.

1
>Zp 59.3
2 (59.3)

Substituting the value of Af, from Equation (57.3) into Equation (59.3), as-

suming that At,, =1, we have here two values of the uncertainty in the positive

energy AE, ,the firstvaluewhen V, =0 where y =1, thesecond value when
V, =, which is theoretically where =0 according to the following equation.
AE, > h yt = (AE,) = Lo or AE, =0 (60.3)

2At,, min 2

Equation (60.3) shows us that we cannot confirm the presence or absence of the

infinitesimal part %h of the positive energy of the quantum particle (which here

represents part of the internal energy of the system) in positive space when the
speed of the reference frame is much less than the speed of light. The equation
also shows us that the uncertainty in positive energy decreases until it reaches zero
when the speed of the reference frame reaches the speed of light theoretically, as
a result of the dilation of time to infinity in the positive subspace-time. But this
result represents a contradiction with the Heisenberg principle in positive sub-
space-time where the minimum limit must not equal zero. By following the same
previous steps we can also obtain the transformation of uncertain quantities of
energy and time in negative subspace-time according to the transformations of
negative subspace-time, 7.e. according to the following equations.

AE,, =AE, %(7—1) At =At, 7" (61.3)
where each AE

for the quantum particle with respect to the reference frame S but in the negative

Aty represents the amount of uncertainty in energy and time

subspace-time, by multiplying both sides of the first equation by both sides of the

second equation we get.
AE, A, = AE, At VFS(l— ) (62.3)
But
%(1— y)<1 (63.3)

Substitute (63.3) in (62.3)
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AE, At <AE At (64.3)

Also, by substituting the value of AE, At according to the Heisenberg prin-

ciple in the previous equation.

AE AT s%h (65.3)

Equation (65.3) is the inverse of Heisenberg’s principle, where lh in negative

subspace represents the maximum uncertainty in the negative energy of the quan-
tum particle. Substituting the value of Af, from Equation (61.3) into Equation
(65.3), assuming At =1, we also have two values of AE_, the first value when
V, =0 where y =1, the second value when V,=c from the theoretical side

where y =

. h _ 1 -
B, S = (AE,) <ohor AE, ~ By, (66.3)

un
Equation (66.3) shows us that we cannot confirm the presence or absence of the

1
infinitesimal part Eh of negative energy in negative subspace when the speed

of the reference frame is much less than the speed of light, The equation also
shows us that the uncertainty in negative energy increases until it reaches infinity
when the speed of the reference frame reaches the speed of light, which is equiva-
lent to all the negative energy as a result of the contraction of time to zero in
negative subspace-time. This result also represents a contradiction with Heisen-

berg’s inverse principle in negative subspace-time, where the maximum limit of

energy should not be more than %h , but here we find that the uncertain quantity

is equal to all the negative energy in negative subspace when V, =c. Why do we
have uncertainty about the presence of all the negative energy in negative subspace?
and also uncertainty about the presence of an infinitesimal part of positive energy
in positive subspace? According to classical physics we have no obvious reason to
doubt these quantities. To explain this and also to resolve the contradiction be-
tween time dilation and the Heisenberg principle in positive subspace and the
contradiction between time contraction and the inverse Heisenberg principle in
negative subspace, we put forward a non-classical hypothesis, which is the fluctu-
ation of energy between these subspaces. According to this hypothesis, we can
replace the positive time in the positive space shown in Equation (59.3) with the
negative time Af,, and rewrite the equation as follows.
E, = hv
2A%,,

(67.3)

Substituting the value of Af,, from Equation (61.3) into Equation (67.3), as-

suming that At, =1, we have here new values of AE, , the first value when

un >

y =1, and the second value when y =

AE,, z% y = (AE,) Z%h or (AE,) =E, (68.3)

un
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Equation (68.3) shows us that we cannot confirm the presence or absence of
most or all of the negative energy in positive space. This result is consistent with
the hypothesis of energy fluctuation between positive and negative space. But the
important result here is that the minimum limit of the uncertainty in the energy
does not decrease but increases until it reaches E__ when the speed of the
reference frame reaches the speed of light. This preserves the Heisenberg principle

in positive space, even when the uncertainty of time is infinite and V; =c. We

have a minimum uncertainty in positive energy equal to Eh . According to the

energy fluctuation hypothesis we can also replace the negative time in negative
space shown in Equation (65.3) with the positive time Af,, we get the following
equation
= h
AE,, <—
2At,,

(69.3)

u

By following the same steps where substituting the value of Af, from Equa-
tion (57.3) in Equation (69.3) and assuming that At;m =1, we also have here new
values AE

from the theoretical side as well.

> the first value when 7 =1, and the second value when » =0

AE, < Aht rt = (B, 230 or (aE,), <0 (03)

Equation (70.3) shows us that we cannot confirm the presence or absence of the

infinitesimal part Eh of positive energy in negative space. This result also agrees

with the hypothesis of energy fluctuation between subspaces. But the important
result here is also that the maximum limit of the uncertainty in the energy does
not increase when the speed of the reference frame reaches the speed of light, but

decreases until it reaches zero, so when the uncertainty in time is infinitely small

1
we have a maximum limit of uncertainty in negative energy equal to Eh . This

preserves the inverse Heisenberg principle in negative subspace. We conclude
from all of the above that, thanks to super-time, all negative energy can fluctuate
between positive and negative space, while positive energy, as a result of time

dilation, cannot fluctuate completely, but rather a smaller quantity of it fluctuates,

which is the quantity %h Therefore, we have doubt or uncertainty about the

existence of energy always linked to time in every subspace-time. This represents
an explanation of the Heisenberg principle and the Heisenberg inverse principle,
but what is the importance of each of them?

According to the Heisenberg principle, the minimum limit of uncertainty in

1. . . . .
energy Eh is constant under transformation for all quantum particles belonging
to the same frame of reference in the positive subspace, ie. it is not subject to the

Lorentz factor in the transformation equation. Therefore, when this quantity is

added to the transformation equation, it becomes a transformation inequality. For
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example, but not limited to, the transformation equations of energy and energy
density in the special and general case shown in the second paper [2], Equation

(32.2) and (104.2), change to the following inequalities:

Ean\ny’l+%nh = Enz%nh Vv, =

NV? 2p0027*1+2'\1/—ﬁ = WMy e oy, (71.3)
ol ol

where PV? is the positive energy density of the dust field, pOC2 is the proper
density, N is the number of particles, V,, is the proper volume, r, is the
Schwarzschild radius, and y in the general case is equal to ¥ =1/ Ji-rg/r.

The transformation inequalities in the positive subspace show us that when
V, =C in the special case or when r=r; in the general case, we have doubts
about the existence of the minimum quantity of energy and energy density. In the
same way we can also change the transformation equations for velocity, accelera-
tion, forces and mass in the special case into transformation inequalities, so we
also have doubts about the existence of the minimum of the previous physical
quantity in both the special and general cases. This means that we cannot confirm
the disappearance of information for any physical system from the positive sub-
space, whether in the special or general case. Therefore, the importance of Hei-
senberg’s principle is to preserve the existence of information or causality and the
laws of physics that represent the properties of the positive subspace.

As for the Heisenberg inverse principle, the maximum uncertainty in energy is
constant under the transformation for all quantum particles belonging to the same
frame of reference in the negative subspace, i.e. it is also not subject to the Lorentz
factor in the transformation equation. Therefore, when this quantity is added to
the transformation equation, it also becomes a transformation inequality. Through
the previous examples, the energy transformation equations and energy density
in negative subspace in the special and general case shown in the second paper [2],

Equation (71.2) and (120.2), change to the following inequalities.

= LV -
EnsEn—S(y—l)+%nh = Ens%nh V, =0
c

nmocz(y2 —1)+%nh B W
: = i< M
(Vol )(1_ 7) + (Vol );, 2(VOl )h

The transformation inequalities in negative subspace show us that when

V< V=0, r=o0 (72.3)

V, =0 in the special case or when r=o in the general case we have doubts
about the existence of an infinitesimal part of energy and energy density in nega-
tive subspace despite the fact that the frame of reference is at rest or the particle
is at rest because it is far from the influence of gravity. This result is of great

importance, as we have doubts about the existence of self-acceleration within

limits AV for each quantum particle resulting from the quantity %h , and
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because AV = AV in the special case, therefore the reference frame has a self-
acceleration of AV, although this does not represent a violation of the principle
of special relativity because this acceleration is infinitesimal and its effect on the
macroscopic level can be ignored, by substituting AE, =myAV? in the first

equation, group 72.3, we get

h

73.3
o (73.3)

m%szzénh:: AV =

Based on the previous result, it is not necessary to do infinite mechanical work
for any material particle (particle with rest mass) to reach the speed of light. It is
enough to do only mechanical work for the particle to reach the critical speed V.,
which is less than the speed of light by an amount of AV, Where each quantum
particle in the reference frame can use an infinitesimal part of positive energy
(which represents the internal energy of the particle) to reach the speed of the

reference frame to the speed of light.

. _ )

V.=Cc-AV, = V.=cC- (74.3)
c s c 2m,

This result represents a fundamental difference between inverse relativity and
special relativity, which places an increase in mass as a barrier to prevent any ma-
terial particle from reaching the speed of light. In the general case, we also find
that the velocity of a particle in a curved negative subspace-time under the influ-
ence of the gravitational mass M equals the escape velocity, as we mentioned in
the first paper, Ze. AV =AV,_ . Accordingly, it is not necessary for a dust field to
reach the Schwarzschild radius for its velocity in a negative subspace-time to equal
the speed of light c. It is enough for the particles to reach the critical velocity V.,
which is less than the speed of light by an amount AV,

V.=c-AV,, (75.3)
As a result of the existence of a critical escape velocity here also, we have a crit-

ical radius T, according to the escape velocity equation.

ﬁ:ZMF r>r, (76.3)
VC

That is, when the dust field reaches the critical radius, it can self-accelerate to
reach the Schwarzschild radius, but this is temporary due to the energy fluctuation
according to the inverse Heisenberg principle. Therefore, the difference
AT, =T, —1, represents the uncertainty in the black hole radius. By substituting
the value of the radius and taking 2MG as a common factor, we get.
~ 1 1

This result, in the general case, also represents a fundamental difference be-
tween inverse relativity and general relativity, as we do not have infinite energy

density in negative subspace-time in the general case, but we have a critical energy
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density. In general, we can say that the inverse Heisenberg principle in negative
subspace-time, in both the special and general cases, prevents the existence of in-
finite energy and energy density. In short, we find that the inverse relativity model
can provide us with an explanation for the Heisenberg principle, one of the most
important pillars of quantum mechanics. It also explains to us the importance of
this principle in positive subspace-time for the preservation of information, and the
importance of the principle’s existence in inverse in negative subspace-time for ma-

terial particles to reach the speed of light without the need for infinite energy.

2.8. Positive Subspace-Time Diagram

In the first paper [1], we used to write the line element (Metric) in the positive sub-
space-time in the form shown in Equation (60.1). It is a constant quantity under the
positive modified Lorentz transformation or the inverse positive modified Lorentz
transformation from one frame of reference to another, as we explained in the first
paper, Section 2.3. Where the square magnitude of line element remains constant
under transformation, it is therefore represented in a subspace-time split from the
total spacetime, although it is not algebraically clear that the split spacetime is a sub-
space-time. By substituting Equation (23.1) into Equation (60.1) shown in the first

paper, we can rewrite the positive subspace-time metric formula as follows.
d3? = d%® +dy® + dz° —c*di?y (78.3)

The new formulation of the metric is distinguished by its linear independence
from the Minkowski spacetime metric [26], and it also contains the zero vector,
and its vectors are closed under addition and multiplication. Therefore, its repre-
sentation must be in a subspace-time. According to the previous formula, we also
have a new and distinctive formula for the metric tensor of positive subspace-time,
which differs from the metric tensor of Minkowski spacetime, where in the first

paper both spacetimes had the same formula without discrimination.

100 0 100 0
5 10 0| _. |010 O
= , 1, = (79.3)
001 0 001 0
000 — 000 —p?

From the previous equations we can also obtain the characteristic basis vectors
of the positive subspace-time, whose number represents the number of dimen-

sions of this subspace.

1 0 0 0

S N O I O U (N 0 .

e]_ = O il ez - O il e3 = 1 y e4 = O I = '\/_71 (80.3)
0 0 0 iyt

So the spacetime diagram here will also be four-dimensional, three spatial di-
mensions X ¥ Z and the time dimension Vf or cfy ™ according to the for-

mula shown above, and because the speed in this dimension is variable, Ze. it dif-
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fers from one observer to another depending on the difference in the speed of the
reference frame, therefore we cannot represent it on the time axis directly, So we
use the time axis in the form cf where the units of measurement used are agreed
upon by all observers, where the light second which is equal to 3 x 10® meters or
the light meter which is equal to 3 x 107 parts of a second, then we calculate the
speed V on the diagram and then we project the speed onto the time axis cf
to get the value of cfy . Because it is difficult to draw or visualize a four-dimen-
sional diagram, we use the simplified spacetime diagram that is known [27]. It is
a diagram of two positive spatial dimensions, which are the axes X,§ and the
positive time dimension, which is the cf -axis, and the origin of this diagram is

t, =% =9,=0 asshown in Figure 4.

cty .

Tez
)

Figure 4. Shows the structure of causality on the positive
subspace-time diagram, the 2D drawing is for simplification.

As we know, each point on this diagram represents an event, and the path fol-
lowed by the particle or event on this diagram is called the positive world line.
From the drawing, we can find that the slope of the positive straight world line is

equal to

tanh([a:% = tanhg=
c

oo

= tanhg=0 c=1 (81.3)

where U represents the velocity of the particle in the positive subspace-time, i.e.
the slope of the positive world line is equal to the velocity of the particle on the
positive diagram. Replacing the velocity of the particle U with the speed of light
in the positive subspace-time V , which is called here the speed of positive light,
and substituting the value of V from Equation (23.1) shown in the first paper
[1], we obtain the slope of the positive world line of light.

tanh g =cy™ (82.3)
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The previous equation represents the slope of the positive world line of light
passing through the origin point with respect to the observer O, and thus all pos-
itive world lines of light passing through the origin point that have the same slope
represent the light cone [28] in the positive subspace-time with respect to the ob-
server O. The cone here is called the positive light cone, and it is a flat cone in the
3D diagram or linear in the 2D diagram shown in Figure 4 in yellow. The previous
equation also shows us that the angle of the positive cone varies from one observer
to another according to the speed of each observer’s reference frame. The spacetime
interval between any two points or events on the positive diagram is called the

2 where,

positive spacetime interval, A§* =Aa®-c’Af’y
A@* = A%* + AJ? + AZ*, and on the sub-diagram it represents the world line of a
particle or signal that can move between two points or events on the positive sub-

diagram, it has three values, the first value is A§? =0
AG*-CPAT? 2 =0 = AG? =V2Af? (83.3)

By dividing both sides of the equation by Af?, we find that =V , meaning
that the speed of the signal or the causal speed between the two events is equal to
the value of the speed of light in the positive subspace-time with respect to the
observer O. Therefore, the two events here occur on the surface of the positive
light cone, and the spacetime interval here is called the positive lightlike, as shown
in Figure 4 in yellow. Because the positive speed of light represents the maximum
speed physically allowed in this subspace-time, the two events can be causally
linked through a light signal only. As for the second value of the positive interval
A$? <0

AG*—C*AT?y 2 <0 = AG? <V2Af? (84.3)

By dividing both sides of the inequality by Af?, we find that G <V . This
means that the speed of the signal or the causal speed between the two events is
less than the value of the speed of positive light. Therefore, the two events here
occur within the positive light cone, and the positive interval here is called the
positive timelike. All points that have the same square as this interval or the same
distance from the origin in the 3D diagram are represented by a hyperbolic surface
or hyperbola in the 2D diagram, as shown in Figure 4 in green, and because the
causal speed is less than the maximum speed physically allowed in this subspace-
time, therefore, two events can be causally linked through a light signal or particle

with rest mass. As for the third value of the positive interval, A§* >0
AG*-CPAT?y 7 >0 = AG® >V3Af? (85.3)

By dividing both sides of the inequality by Af?, we find that >V . This
means that the speed of the signal or the causal speed between the two events is
greater than the value of the speed of positive light. Therefore, the two events here
occur outside the positive light cone, and the positive interval here is called the
positive spacelike. All points that have the same square as this interval or the same
distance from the origin for the 3D diagram are represented by a hyperbolic sur-

face or a hyperbola for the 2D diagram, as shown in Figure 4 in blue. Because the
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causal velocity is greater than the maximum velocity physically allowed in this
subspace-time with respect to the observer O, the two events cannot be causally
related.

We conclude from the above that events outside the positive light cone are caus-
ally separate, while events inside the positive cone can be causally connected. If
we have an event at the origin point in the previous diagram which represents
now, for example, event F, so all events that occur in the upper part of the positive
light cone are in the future of event F, and event F can causally affect one of them.
As for the events that occur in the lower part of the positive light cone, they are in
the past of event F, and one of them can causally affect on event F. We can gener-
alize these results to any observer other than observer O, where only the inclina-
tion angle of the positive cone varies, but the geometry of the diagram remains
constant relative to any other observer. The above description shows that the
structure of causality on a positive subspace-time diagram is exactly the same as
the structure of causality on a Minkowski spacetime diagram [28], but with only
the difference in the value of the speed of light, which makes the positive subspace-
time a causal spacetime. We also demonstrated this result in the first paper, but at
the level of 3D positive subspace, and we also gave a precise description of this.

As for the rotation of the observer’s coordinates O’ with respect to the ob-
server’s coordinates O on the positive subspace-time diagram, it differs from the
rotation of the observer’s coordinates followed on the Minkowski diagram, be-
cause the transformation matrix for the positive subspace-time is an identity ma-
trix. See the first paper [1], Equation (18.1), By equating the rotation matrix in a
hyperbolic 4D space [29] with the identity matrix of the positive subspace-time,
we obtain the values of cosh@ and sinh@ for the rotation of the coordinates
of the observer O’ in this subspace-time in the Xct -plane.

1 0 0 0] [cosh@ 0 0O sinh@
. o100
- | 0 to o (86.3)
“lo 010 0 01 O
0 00 1| |sinh@ 0 0 coshd

Here we find cosh@=1 and sinh@ =0, and we conclude from this that the
only angle allowed here is & =0 . This means that the axes of the space and time
coordinates of the observer O are identical to the axes of the space and time co-
ordinates of the observer O, and thus there is no rotation of the coordinates of an
observer with respect to another. However, despite the fact that the coordinate
axes of both observers are identical, we find that the slope of the world line of light
differs from one observer to another because the speed of light differs from one
observer to another. We find that the slope of the observer’s world line O’ is equal
to tanhg’=dx7cdt’, by following the same previous steps in Equations (81.3),
(82.3), we get the slope of the world light line equal to tanh@ =c¢ And because
¢ =1, the angle of the light cone for this observer is always equal to 45 degree. See
Figure 5. By substituting in Equation (82.3), we obtain an equation that trans-
forms the slope of the world line of light from observer O’ to observer O on the
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diagram, as shown in the following figure.

tanh @ = tanh @'y (87.3)
ct=ct
A ~
\% c
ror. JAnintat i o
A : :B
RN 5
: @ 1

Figure 5. Shows the coincidence of observers’ coordinates
and the difference in the angles of the light cone as an alter-
native to rotation in the positive subspace-time.

Through the previous diagram, we can explain both the symmetry of the proper
distance, time dilation, and the inverse relativity of simultaneity with respect to
the observer O in the positive subspace-time directly.

Distance Symmetry: To show the transformation of positive length or the sym-
metry of the proper distance with respect to both observers on the diagram di-
rectly. We represent the length of the rod or the proper distance shown above in
item 2-1 as a spatial period AX, on the X -axis in the previous diagram with
respect to the observer O’. The positive length or positive distance is also repre-
sented as a spatial period AX,, on the X -axis with respect to the observer O.
because the spatial coordinates with respect to both observers O’ and O on the
positive diagram are identical, therefore the spatial period on the XX -axis is

equal.
A, =Axy, = 1=I (88.3)

This means that the length or the proper distance here is constant or symmet-
rical for both observers. Not only the spatial period on the XX -axis, but any spa-
tial period in positive subspace. As a result of the matching of all spatial coordi-
nates for both observers. See Figure 6, where the structure of subspace appears
symmetric between observers, in exchange for reducing the speed of light and di-
lating time with respect to observer O, we have also explained this in the first pa-

per, Section 2-3.
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Figure 6. Shows the coincidence of spatial coordinates for
both observers in the positive subspace.

Inverse simultaneity: To show the inverse simultaneity relativity on the posi-
tive subspace-time diagram, we can represent the two simultaneous events A", B’
shown in Section 2.2 above, as two points on the surface of the light cone with
respect to the observer O’. Because the two events are simultaneous, the line pass-
ing through the two points or events is a straight line parallel to the XX -axis, as
shown in Figure 5. The representation of the same two events on the surface of
the positive light cone with respect to observer O is through the extension of the
spatial projection of each event, where the spatial coordinates of both observers
are identical, as shown in Figure 5. We also find that the line passing between the
two points of intersection on the surface of the observer’s cone O is also a straight
line parallel to the XX -axis, which means that the two events also remain simul-
taneous with respect to the observer O. By substituting the spatial and time peri-
ods between these events in the previous slope transformation equation, we obtain
the transformation of the time period from observer O’ to observer O, and by
substituting the value of At’,; =0 in the resulting equation because the two
events are simultaneous with respect to observer O’, we also obtain simultaneity
with respect to observer O.

! = Al =At = f,=f, At,;=0 (89.3)
CAL,  CAU,g AB V4 A= AB

We conclude from the previous example that the line passing between two
events on the light cone with respect to observer O is always parallel to the line
passing between the same two events with respect to observer O’. If the two events
A’,B’ are not simultaneous, Ze. the line passing between them is oblique with
respect to observer O’, observer O will also obtain an oblique line between the two
points A, B parallel to the previous line, this means that the two events are not
simultaneous. Generalizing this result for any other observer, we conclude that
non-simultaneous events remain non-simultaneous for all observers in the uni-

verse in the positive subspace-time.
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Time dilation: As for time dilation or the transformation of the proper time on
the positive subspace-time diagram, by representing the previous event A on the
light cones with respect to the two observers O’ and O, We find from Figure 5
that, as a result of the difference in the angle of inclination of the light cones of
each of them, the projection of event A onto the time dimension cf is longer
than the projection of the same event onto the time dimension ct", which repre-
sents the dilation of time with respect to observer O. By substituting the spatial
and time period of this event into the previous slope transformation equation, we
obtain the transformation of the time period of the event from observer O’ to ob-
server O.

AR,  AX,
cAf, cAt,

o= Al =AU,y (90.3)

If the previous events occur on the hyperbolic surfaces in the 3D diagram or the
hyperbola in the 2D diagram, ie. inside or outside the light cone with respect to
O’, the extension of the spatial projection of any of them also represents its loca-
tion on the hyperbolic surface or hyperbola inside or outside the positive light
cone with respect to the observer O. In this case, the slope transformation equa-
tion expresses the transformation of the slope of the tangent line to a point on the

hyperbolic surface or hyperbola of each observer.

2.9. Negative Subspace-Time Diagram

In the first paper [1], we also used to write the negative subspace-time metric in
the form shown in Equation (72.1) which is a constant quantity under the negative
modified Lorentz transformation or the inverse negative modified Lorentz trans-
formation from one frame of reference to another, as we previously explained in
the first paper, item 2.4. Where the square magnitude of line element remains
constant under transformation, so it is also represented in a subspace-time split
from the total spacetime, Although here too it is not algebraically clear that the
split spacetime is a subspace-time. By substituting the value of the velocity V in
terms of both ¢,V in (72.1) according to the parallelogram law of vector addi-
tion shown in Figure 1 in the first and second papers [2], where

VZ=c?+V?—cVcos@ and also substituting the value of V from the Equation
in (23.1) in the first paper, the equation becomes V? = ¢? (l+ 72 —2y7'cos 9) , we

can rewrite the negative spacetime metric formula as follows:

ds® = dx? +dy” +dz® —c’dt? (1+ > =2y * cos0) (91.3)
can be shortened —(1+ y? =2y cos 6) =-0?
ds? = dx? +dy® +dz” — c’dt °Q° (92.3)

The new formulation of the metric here is also distinguished by its linear inde-
pendence from the Minkowski spacetime metric, and it also contains the zero vec-
tor and its vectors are closed under addition and multiplication, thus its represen-

tation must be in a subspace-time. We also have a new and distinctive formula for
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the metric tensor of negative subspace-time, which differs from the metric tensor

of Minkowski spacetime, where in the first paper both spacetimes had the same

formula.
100 0 100 0
ﬁW:o 10 0 . 010 0 (93.3)
001 0 ? 10 01 0
000 -O7 00 0 -

From the previous equations we can also obtain the characteristic basis vectors
of the negative subspace, whose number represents the number of dimensions of

this subspace.

1 0 0 0
@=O,%=l,%=0,@=0 (94.3)

0 0 1 0

0 0 0 iQ

Therefore, the diagram of this space-time will also be four-dimensional, with
three spatial dimensions X ¥ Z and one time dimension VE or cfQ, accord-
ing to the formula shown above. Because the speed on this dimension is also var-
iable and varies from one observer to another depending on the speed of the ref-
erence frame, we cannot represent it directly on the time axis. Therefore, we use
the time axis in the form cf , where the units of measurement used are agreed
upon for all observers, as explained in the previous section. Then we calculate the
velocity V on the diagram, and then we project the velocity onto the time axis
ct to obtain the value of cfQ . According to the inverse negative modified Lo-
rentz transformations, we find that the following dimensions are y=7=0.
Therefore, the diagram will be drawn in two dimensions, one spatial dimension,
which is the X -axis, and one time dimension, which is the cf -axis. The origin

of this diagram is f, = X, =0, as shown in Figure 7.

v

ct

K<

Figure 7. Shows a non-causal structure on the
negative subspace-time diagram.
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The negative subspace-time diagram differs from the positive one in some re-
spects, which we will explain gradually. However, here we also find the path fol-
lowed by the particle or event on this diagram, which is called the negative world
line. From the drawing we can also find the slope of the negative straight line,

which is equal to

tanh(ﬁ:% = tanhg=— = tanhg=0 c=1 (95.3)
Cl

o | =

where U represents the velocity of the particle in the negative subspace-time,
and thus the slope of the negative world line here is also equal to the velocity of
the particle on the negative diagram as in the positive subspace-time. When we
replace the velocity of the particle U with the speed of light in the negative sub-
space-time V , which is called here the negative light speed, and by substituting
the value of V from Equations (54.1) and (55.1) shown in the first paper [1], we
obtain the slope of the negative world line of light.

tanh @ =V, (96.3)

The previous equation shows the slope of the negative world line of light pass-
ing through the origin point with respect to an observer O, which is equal to the
velocity of the reference frame V, and has a positive or negative value according
to the direction of motion of the reference frame S’ on the x-axis with respect to
the reference frame S, i.e. here the observer O has only one world line of negative
light. But for the sake of geometric symmetry, all negative world lines of light
passing through the origin point have the same slope, representing the light cone
in the negative subspace-time with respect to the observer O, shown in Figure 7
in yellow. The light cone here is called the negative cone, and it is a linear cone
because the diagram here is 2D, as we explained above. The previous equation also
shows us that the angle of the negative cone varies from one observer to another
according to the speed of the reference frame of each observer. Because there is
no acceleration in negative subspace-time, we explained this in the second paper
[2], section 2.7. Also, the velocity of a particle in space is equal to the velocity of
the particle in the time dimension in negative subspace-time, we also explained
this in the second paper, Section 2.6. Therefore, the velocity V here represents
the minimum and maximum limit of permissible velocity in negative subspace-
time. The spacetime interval between any two points or events on this diagram is
called the negative spacetime interval, AS? = A’ -V °At?, where
Aa® = AX® + AY? + AZ%, and on the diagram it represents the world line of a par-
ticle or signal that travels between the two events, it also has three values, the first
value AS®=0.

AG? —CPAT?Q% =0 = Ag?=V32Af? (97.3)

By dividing both sides of the equation by Af?, we find that U=V meaning
that the speed of the signal or the causal speed between the two events is equal to
the value of the speed of light in the negative subspace-time. Therefore, the two

events here fall on the surface of the negative light cone with respect to an observer
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O, and the negative interval here is called the negative lightlike, as shown in Figure
7 in yellow. Because the speed V represents the minimum and maximum limit,
ILe. the same speed for all events on the surface of the negative cone, therefore, just
as a signal light moves from the first event with speed V , the second event also
moves with the same speed on the same world line. This means that the signal
does not reach between the two events, therefore the two events cannot be causally
linked through a signal light. As for the second value of the positive interval
AS? <0

AG? —CPATPQ% <0 = Aa? <V2Af? (98.3)

By dividing both sides of the inequality by Af?, we find that (<V meaning
that the causal velocity between the two events is less than the speed of light in
negative subspace-time with respect to the observer O. Therefore, the two events
here occur within the negative light cone, and because the causal velocity here is
less than the minimum velocity physically permitted in this subspace-time, there-
fore the two events cannot be causally related. In other words, the physically per-
missible negative interval inside the negative cone, it is also a negative lightlike
type, where the world lines inside the negative cone are parallel to the lines of the
negative cone, as shown in Figure 7 in green. As for the third value of the positive

interval, AS?>0
AGP-CPATPQ? >0 = Aa? >V2Af? (99.3)

By dividing both sides of the inequality by Af?, we find that 0>V , meaning
that the causal velocity between the two events is greater than the value of the
speed of light in negative subspace-time with respect to the observer O. the two
events here occur outside the negative light cone, because the causal velocity is
greater than the maximum speed physically allowed in this subspace-time. So the
two events cannot be causally related either, and the negative interval physically
allowed outside the negative cone is also of the negative lightlike type, as shown
in Figure 7 in blue.

We conclude from the above that, as a result of the fact that the minimum is
equal to the maximum of the causal velocity on the negative diagram, all events
here, including possible signals between events, have a world line of the negative
lightlike type, ie. they have world lines parallel to the lines of the negative cone
with respect to the observer O. Where we find that any two events on this diagram
have the same position on the X -axis, such as the events ] and K. See Figure 7—
they are asynchronous on the cf -axis—that is, they are always separated by a
period of time and they cannot meet at any moment. Therefore, there cannot be
a causal connection between these two events. As we also find that any two sim-
ultaneous events on the cf -axis such as the two events K and H, see Figure 7,
have different positions on the X -axis, ie. they are always separated by a spatial
period and cannot meet in a place, and thus there is no causal connection between
these two events as well. This means that all possible events on the negative sub-

space-time diagram are causally separate, even if there is a causal relationship be-
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tween them in the positive subspace-time; they disappear in the negative sub-
space-time. We demonstrated this result in the first paper as well, but at the level
of 3D negative subspace, where particles have the same speed and direction, and
therefore there are no intersections or collisions between their paths in the nega-
tive subspace and we find the same thing here, but at the level of negative 4D
subspace, where there is also no intersection between the worldlines of event. We
can also generalize these results to any observer other than O, where only the in-
clination angle of the negative cone varies from one observer to another, but the
geometry of the diagram remains constant for any observer. The above descrip-
tion shows that the causal structure on a negative subspace-time diagram is com-
pletely different from the causal structure of a Minkowski spacetime diagram. It
is, in fact, a non-causal structure.

As for the rotation of the observer’s coordinates O’ with respect to O on the
negative subspace-time diagram, it is exactly the same as the rotation of the ob-
server’s coordinates on the Minkowski diagram, because the transformation ma-
trix for the negative space-time is the result of subtracting the Minkowski spacetime
matrix from the positive subspace-time matrix. See the first paper, Equations (30.1)
and (31.1).

A7 =R"-K (100.3)

Thus, by equating the rotation matrix in a hyperbolic 4D space with the matrix
of each spacetime, and by substituting in the previous equation, we obtain the
rotation matrix of the negative subspace-time, and from it we obtain the values of
both cosh@ and sinh@ of the rotation of the observer’s coordinates O’ with
respect to O. We previously explained above that the matrix of rotational coordi-
nates in the positive hyperbolic subspace-time /~\; remains the same as an iden-
tity matrix where the permissible angle of rotation is equal to zero. As for the ma-
trix of rotational coordinates in Minkowski spacetime according to special rela-
tivity with inverse Lorentz transformations, where the rotation is in the hyperbolic
plane X,ct, it is written in the following formula.

coshd 0 0 sinhd
A cosh@ =y, sinh@ = By (101.3)
: 0 01 0
sinhd 0 0 cosh®

Substitute (86.3) and (101.3) into (100.3)

cosh@ 0 0 sinh@ 1 000
- 0 10 0 0100
Af = - (102.3)
. 0 01 0 0010
sinhd 0 0 coshd 0 001
cosh@-1 0 0 sinh@g
- 0 00 0
A7 = (103.3)
g 0 00 0
sinh 0 0 cosh@-1
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The last matrix represents the rotation matrix of the observer’s coordinates O’
in the negative hyperbolic subspace-time, where we find that the values of both
cosh@ =y andalso sinh@ = By, which means that &= or in other words
the rotation of the coordinates in the negative hyperbolic subspace-time is the
same as the rotation of the coordinates in the Minkowski spacetime. This is also
evident in the time transformation equation in the inverse negative modified Lo-
rentz equations, which represents the same time transformation equation in the
inverse Lorentz equations. Therefore, the graphic representation of both relativity
of simultaneity and time dilation on a negative subspace-time diagram is the same
as that shown on a Minkowski diagram. There is nothing new to mention, so we
will not represent these results graphically here. Rather, we will represent new re-
sults graphically, such as negative length expansion and time contraction on a

negative subspace-time diagram.

T

Figure 8. Shows length expansion with a negative value and
time contraction in negative subspace-time.

From the previous figure we find that OP = AX" represents the length of the
stationary rod or the proper distance with respect to the observer O’ on the X -
axis. We also find that OP = AX represents the relativistic length of the rod with
respect to the observer O on the x-axis according to special relativity, but from the

geometry of the figure we find that
PQ=0P-0Q (104.3)

From Figure 8 we find that angle 2 is a right angle because it is symmetrically
equal to angle 1 between the perpendicular coordinates X',ct’, and accordingly
coshd = OP‘/OP , and we also find from the figure that the two points Q,P" are
located on the same hyperbola, and thus OQ = OP", by substituting that in Equa-
tion (104.3) we get

oP” . < 1
PQ= -0OP" = PQ=0P -1 (105.3)
Q cosh Q [cosh %] j
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But, OP’=I, and cosh@=y
PQ=1I, (y-l —1) (106.3)

Thus, PQ =1, which represents the negative length of the rod on the diagram.
As shown in the previous diagram, the distance PQ expands in the negative direc-
tion on the x-axis with respect to the observer O with the increase in the angle of
rotation & or the speed of the reference frame S’. As for the contraction of time
from the previous figure, we find that OR"=cAt", which represents the time pe-
riod with respect to the observer O’ onthe ct’ axis. We also find that, OR =CcAt,
which represents the dilation of the time period with respect to the observer O on
the ct -axis according to special relativity. From Figure 8, we find that angle 3 is
a right angle because it is symmetrically equal to angle 1 between the perpendicu-
lar coordinates Xx'ct. Accordingly

OR . OE OR

coshd =—— = (107.3)
OE cosh &
where OR =Act” and cosh@ =y
OE =Aty* c=1 (108.3)

Thus, OE =Af represents the time contraction in the negative subspace-time
on the diagram. As shown in the previous diagram, the Time period OE contracts
with respect to the observer O with increasing rotation angle & or the speed of

the reference frame S’.

2.10. Reflection of Negative Subspace-Time

The negative modified Lorentz equations revealed new properties of space and
time in negative subspace-time, such as length expansion and time contraction.
However, we obtained length dilation through the condition of simultaneous dis-
tance measurement (see 2-1 above), and time dilation through the condition of
symmetry of the event velocity between reference frames (see 2-3 above). There-
fore, these results are independent of each other. We will explain this in detail in
the following example. Let us assume that we have an observer O who belongs to
the reference frame S. He performs an experiment which is to emit an electron as
a signal from the source at the origin O to a lamp at point K to light this lamp,
where the electron belonging to the reference frame S’ is located at the origin point
O’ and therefore the speed of the electron here represents the relative speed be-
tween the reference frames, as shown in Figure 9.

Suppose that at the moment of electron emission the coordinates were
X, =X,=0 and f,=t,=0. Here we can describe the event with respect to the
reference frame S’ where the lamp moves along the X -axis in the negative direc-
tion from point k to the origin O’ a distance kO'=—Ax" in a time period At’.
As for the reference frame S, the observer O observes the particle moving along
the x-axis in the positive direction from the origin O to point k a distance

Ok = AX in atime period Af .
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Figure 9. Shows an experiment that fulfills the condition
of symmetry of the velocity in negative subspace-time.

This example satisfies the condition of velocity symmetry between reference
frames, as we find that the velocity of the lamp —V); with respect to S’ is equal to
the velocity of the electron V, with respect to S, without the need to analyze V,

as in Section 2.3 above.

V. =-V, (109.3)

X X

By substituting the value of V,,V, in the previous equation
AX  AX
aX__AX (110.3)
At At
Because the symmetry condition is available here, we can substitute here the

value of Af according to the time contraction equation that we proved.

A\X_]_ :_A_X\ (111.3)
Aty At
AX =-AXy! (112.3)

Equation (112.3) shows us that the proper distance decreases with respect to the
observer O in the negative subspace-time as the velocity of the reference frame S’
(the electron) increases. It should be noted here that the proper distance is not meas-
ured simultaneously by the observer O. Therefore, it does not represent a proper
distance transformation according to inverse relativity. As shown on the space-time
diagram Figure 8, the contraction of the distance OP is related to the contraction
of the time period OE with the increase of the rotation angle or the speed of the
reference frame, and when it reaches Vg =c (because the particle at the critical
speed can at any moment accelerate itself to the speed of light), By substituting
this in the equations for the contraction of distance and time, we obtain a collapse
in the transformation equations or in the structure of negative subspace-time, and
we find the same thing on the diagram Figure 8 when the angle of rotation reaches
45 degrees.

But on the other hand, we find that the distance AX  traveled by the lamp or
any other value is a proper distance with respect to the reference frame S’, and
thus it is subject to the distance expansion equation, If the observer O observes
this distance in the reference frame S simultaneously, we have achieved the sim-

ultaneity condition here.
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AX = Ax(y 1) (113.3)

By substituting Vg =cC into the previous equation, we get

AX = —AX (114.3)

We mentioned in the first section that the expansion of length or distance by a
negative value expresses the amount of decrease in distance resulting from the real
contraction of distance due to special relativity. But we can consider that the de-
crease in positive distance is a negative distance expanding in the positive direc-
tion. See Figure 10, and vice versa in the negative direction, and when the speed
of the reference frame S’ reaches the speed of light and the positive distance dis-
appears or the structure of space collapses in the positive direction according to
special relativity, we find that the negative distance replaces it according to inverse
relativity, and thus the positive direction becomes negative and the same thing in
the negative direction. In other words, when the speed of the reference frame S’
reaches the speed of light, the observer O observes a reflection of the coordinate
X" in the reference frame S’ with respect to his own frame S (see Figure 10). The
structure of the spatial space becomes symmetrical but reversed, and as a result, a
reflection of the displacement vectors also occurs. After multiplying Equation
(113.3) by -1 and By substituting Vg =c, we obtain a reflection of the displace-

ment directions with respect to each reference frame.

—AX = AX (115.3)
Vs
/
= m’ | +
|
V=0
B = | + =
t | t
Vs=03C
e = [ SR + IR =
|
V5=0.6C
+ == | + =
t [ t
Vs=09C
+ I —
[
Vs=C

Figure 10. Shows the reflection of negative subspace when the
reference frame reaches the speed of light.

But the reflection of the displacement direction necessarily leads to a reflection
in the motion and thus time. Just as we know that any spatial period on the nega-
tive subspace-time diagram is equivalent to the time period, so we can substitute
the value of AX'=CAt’ and also AX=cAf in Equation (113.3)

CAF = cAt(y -1} (116.3)
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AT =At(y 1) (117.3)

Equation (117.3) shows that time dilates with a negative value as the speed of
the reference frame S’ (the electron) increases. This equation does not represent a
contradiction with the equation for time contraction in negative subspace-time.
Because time dilation has a negative value, it only expresses the amount of time
decrease resulting from time contraction, as shown on the negative subspace-time
diagram, Figure 8, where we find that the time period IE dilates negatively with
the time period OE contraction as the rotation angle (the velocity of the reference
frame) increases. It only shows us the nature of time in an reversed space. When
V, =C at any instant and the time contraction equation breaks down, we obtain
from the negative time dilation equation the symmetry of time between the refer-

ence frames, but in reverse.

Af =—At (118.3)

where the observer’s time O passes into the future while the electron’s time passes
into the past, in other words, the observer O observes in the future the electron’s
past or the electron’s return to its position in the past. As for the electron, it will
seem to him that the lamp goes back in time and takes its position in the past.
That is, the time reversal here expresses the reversal of the motion of the reference
frames relative to each other, which is a logical result after the reversal of the dis-
placement vectors shown in Equation (115.3). We can say then that the negative
subspace-time at the speed of light becomes a subspace-time with a symmetric
and inverse structure for both observers. But this reflection is temporary and oc-
curs within a very short period of time, due to the energy fluctuations that cause
the electron to reach the speed of light, according to the Heisenberg’s inverse prin-
ciple. Because the speed here is equal to the speed of light, Z.e. it is precisely defined,
and thus Ap,, =0, so the reflection in place is within the range of uncertainty in
position AX,, (See comparison Table 2 below).

Although the results we have arrived at here are in subspace-time and not real,
these results do not violate the second postulate of special relativity because the
reflection occurs at the speed of light, but does not exceed it. Also, the reflection
of time does not violate the principle of causality, because the reflection of time is
linked to the reflection of space. In other words, the electron cannot go back in
time when it goes to the lamp and reaches the lamp in the past, that is, before its
emission, where the result precedes the cause. Just as it returns to the past in time,
it returns in space, and therefore the result cannot precede the cause according to
this reflection. There is also no conflict with thermodynamic entropy, which cre-
ates a direction for time, because the reversal of time here is for an individual
quantum particle. However, if we have a number of particles moving at a critical
speed in the same direction but not in the same frame, such as a beam of particles,
whether electrons or even photons, then their spacetime reflections will be unsyn-
chronous and even random. So we assume the existence of entropy for spacetime

fluctuations or spacetime reflections, where the spacetime entropy dominates the

DOI: 10.4236/jamp.2025.135105

1910 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.135105

M. Girgis

beam and creates a direction of time towards the future, and thus it is not possible
to observe a reflection in the entire beam even for a very small period of time, So
the speed of a ray of light in a vacuum is always equal to the value ¢, and its direc-

tion on the spacetime diagram is always towards the future.

3. Results

From the positive and negative modified Lorentz transformation equations shown
in the first paper, we obtain the relativity of length, where the proper length or
distance remains constant under the transformation in positive subspace due to
the symmetry of the positive space structure, while the length expands from zero
to the original length in negative subspace with the motion of the reference frame
(which is a result opposite to special relativity). See Equation (2.3, 15.3). The rel-
ativity of simultaneity, where we find that the simultaneity between two events is
absolute, and the time of causality is real time and not an illusion in the positive
subspace-time (which is a result opposite to special relativity). See Equation 19.3.
The relativity of time, where time expands in positive subspace-time, while time
in negative subspace-time contracts with the motion of the frame of reference un-
til we have super-time (which is the opposite result of special relativity). See Equa-
tion (24.3, 30.3). Through the transformation equations of relativistic energy in
each subspace-time in the special case shown in the second paper, we also ob-
tained, Relativistic mass: where mass decreases in positive subspace (which is the
opposite result of special relativity), while mass increases in negative subspace
with the motion of the reference frame (see Equations 33.3, 37.3). Relativistic ki-
netic energy: where kinetic energy decreases in positive subspace (which is the
opposite result of special relativity), while kinetic energy increases in negative sub-
space with the motion of the reference frame see Equation (39.3, 42.3), See also
the comparison Table 1 below. Through the experiment of the photon stuck in-
side a moving box, we gained a new concepts of both mass, work, motion, and
understanding the mechanism of motion of elementary particles. By hypothesis-
ing the fluctuation of energy between subspaces, we were able to explain the Hei-
senberg principle of energy and time in positive subspace-time, and to discover
the existence of the principle inversely in negative subspace-time, and to quantize
the transformation equations in each subspace in the form of transformation ine-
qualities (see set of Equation, 71.3, 72.3). As a result of quantization, we obtain, in
the special case, the possibility of a quantum particle with a rest mass reaching the
speed of light without infinite energy, and in the general case, the possibility of a
dust field reaching the Schwartzschild radius in a negative subspace-time without
infinite energy density. Through subspace-time diagrams, we obtained a causal
structure in the positive subspace-time and a non-causal structure in the negative
subspace-time. Through an experiment that fulfills the condition of symmetry of
event velocity between reference frames in the negative subspace-time, we have
shown that this subspace-time can be inverted without violating causality or ex-

ceeding the speed of light.
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Table 1. Comparison table between relativistic variables in Special Relativity and Inverse

Relativity.
Relativistic Variables Special Relativity Inverse Relativity
Relativity of length =1y~ r=1, (7/ . —1)
Relativity of simultaneity At =0, At,; #0 At =0, Af,; =0
Relativity of time At=At,y A=Aty
Relativity of mass m=myy m=myy™
Relativistic kinetic energy kE =kE'y kE =kEy*

4. Discussions

The third paper on the inverse relativity model demonstrates its ability to solve some
of the problems inherent in both special and general relativity. The first problem is
the collapse of spacetime in special relativity at Vg =c theoretically, where length
contracts to infinity, meaning one of the dimensions of space disappears. Time also
expands to infinity, or becomes zero, or disappears, we find a similar situation in
general relativity when r=ry, where the structure of spacetime also collapses,
which is known as spacetime singularity [30]. However, in the inverse relativity
model, as we explained above in the Section 2-10, the structure of spacetime does
not collapse as happens in special relativity, but rather spacetime becomes in-
verted. Thus, the inverse relativity model is characterised by the absence of col-
lapse in its equations or in the structure of spacetime.

The second problem: It is the problem of the illusion of time in special relativity
as a result of the relativity of simultaneity, as it appears on the Minkowski diagram
of space-time that events that are not synchronous with respect to one observer
can be simultaneous with respect to another observer. This resulted in the concept
of the block universe, which contains all the events of the universe in the past,
present, and future at the same moment, and thus time becomes an illusion, as
Einstein believed. However, in the inverse relativity model, two types of time
are distinguished, causal time associated with events and non-causal time, or
time not associated with events. In the section of inverse relativity of simultane-
ity, the simultaneity of causal time is absolute, and thus causal time appears as
real time. This result is consistent with the thermodynamic conception of time
(entropy).

The third problem is infinity. In the special relativity, due to the increasing mass
of the particle, no material particle can reach the speed of light because it requires
infinite energy. In general relativity, we also find a similar situation: when a dust
field reaches the Schwarzschild radius, we have infinite energy density. However,
in inverse relativity, according to the hypothesis of energy fluctuations between
subspaces, a quantum particle can use an infinitely small part of its internal energy
to produce self-acceleration. If the particle’s speed is a critical speed, ie., less than

the speed of light by the amount of self-acceleration, the quantum particle can
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reach the speed of light in the special case without infinite energy. We find the
same situation in the general case: if the dust field is at the critical radius, ie,
greater than the Schwarzschild radius by the amount of uncertainty in the radius
created by self-acceleration, the dust field can reach the Schwarzschild radius
without infinite energy and thus infinite energy density.

In this paper, we also tried to bridge the gap between the concept of wave and
particle nature, as we explained in the section on the concept of mass, work, and
motion the ability to do mechanical work on a packet of waves (photons) like any
material particle. Also, particles with rest mass, in order to carry the property of
motion, must have a light wave structure, i.e., standing or closed waves that move
at the speed of light. We also explained the model’s ability to combine seamlessly
with quantum mechanics, or quantization. We find that quantum mechanics
quantizes the model for us by changing the transformation equations into trans-
formation inequalities. The model also explains quantum mechanics, or specifi-
cally the Heisenberg principle of energy and time, as a fluctuation of energy be-
tween subspaces, meaning that each of them completes the other. So the third
paper is paving the way for understanding quantum mechanics. We will try to
find a comprehensive interpretation of quantum mechanics in another paper. By
substituting the values of AE, =mAV, AV, and AE, =mAV, AV, into both
the Heisenberg and the Inverse-Heisenberg formulas for energy and time, we ob-
tain the Heisenberg and Inverse-Heisenberg formulas for position and momen-

tum, as shown in the following Table 2.

Table 2. Comparison table of the Heisenberg Principle in each Subspace-time in Inverse

Relativity.
Subspace-times Positive Subspace-Time Negative Subspace-Time
Energy and time AE, A, > % AE, AL, < %h
Momentum and position AP, AR, = %h AP, AX,, < %h

We conclude the paper by proposing an experiment to test one of the previous
results, which is doing mechanical work on the photon according to the following
diagram: The diagram represents a laser beam of uniform wavelength coming
from the source to a semi-transparent mirror. The beam splits into two simulta-
neous beams, one of which heads to mirror M, and the other to mirror M,.
The mirrors are equidistant from the semi-transparent mirror. The two beams
then reflect back to the semi-transparent mirror and combine into a single beam
that heads to the detector. Assuming that the diagram is located in the xy-plane
and that mirror M, M, is rotatable, its rotation axes are x and y, respectively,
as shown in Figure 11. Because the reflected rays come from the same source
and travel the same distance at a constant speed, the waves heading to the de-
tector are synchronous and form a specific interference pattern that appears on
the detector.
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Rotating mirror (M,)

tight souree Rotating mirror (M,)

Beam splitter

Detector or Photometer
b

Figure 11. Shows the experiment of doing mechanical work
on photons through rotating mirrors.

The first step of the experiment is before rotating the mirror, where the observer
adjusts the angles of the rotating mirrors to make them perpendicular to the rays
falling on them by obtaining an interference pattern on the detector. Because the
photons are perpendicular to the surface of the mirrors, all components of their
tangential velocity to the surface of the mirror are equal to zero, and therefore,
they are at rest relative to the mirror at the moment of collision. The second step
of the experiment is for the observer to rotate the mirror at a relatively high an-
gular velocity and while rotating, observe the interference pattern on the detector.
If we get a new interference pattern, this is the result of changing the frequency of
the photons because the speed of light is constant in all cases. This is evidence that
the rotating mirrors did mechanical work on the photons. But if we get more than
one interference pattern or interference patterns that change over time, this is a
result of the mirror’s vibration during rotation and also the mirror’s non-perfectly
level surface. In this case, the observer replaces the detector with a photometer
because even with the mirror’s vibration and imperfect surface, we expect me-
chanical work to be done on some of the photons and we get a noticeable change
in the radiation intensity. The observer measures the radiation intensity before
rotating the mirror in the first step, then re-measures the radiation intensity again
while the mirror is rotating. If the observer obtains higher radiation intensity, this

is evidence that the rotating mirrors have done mechanical work on the photons.
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