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ABSTRACT : As Minkowski space splits into positive and negative space (we mentioned this in
the second paper) [1] The energy of the photon and the relativistic kinetic energy of the particle
are also analyzed into positive and negative energy, and each type has its properties through the
geometrical properties of the space in which it is located, where we find that the energy in the
positive space decreases due to dilation of time and It is causally related to observers and their
observation devices, so it can be observed, while energy in negative space is causally separate
from observers and their observation devices, it cannot be observed, And when the speed of the
reference frame reaches the speed of light, theoretically, the positive energy reaches zero and the
negative energy reaches infinity, The paper also includes a geometric visualization of the rest

mass energy through a new hypothesis known as the dimensional rest energy

Keywords: Relativistic kinetic energy - Relativistic total energy - Dimensional rest mass - Minkowski

space splits - Negative energy - Positive energy - Inverse relativity - Energy and time paradox

1 INTRODUCTION

Classical mechanics provided us with one type of energy to describe the motion of a particle,
which is the kinetic energy, but after the special theory of relativity was published, new concepts
of energy and matter appeared, where we find matter as a form of energy and that the particle
while in a state of rest contains a type of energy, which is the rest mass energy and if this type is
somewhat ambiguous in addition to the relativistic kinetic energy, and the motion of the particle is
described in relativistic mechanics through the sum of these two energies or what is known as
relativistic total energy[2], not only that, but special relativity also changed the mathematical
formula of the law of kinetic energy followed in classical mechanics, but in the second paper
( Modified Lorentz transformations and Minkowski space splits in inverse relativity ) [1] we

presented a new model known as inverse relativity, does the new model maintain the same
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previous concepts of energy and matter and the same mathematical formulas When we describe
the motion of any particle at speeds close to the speed of light? Or, will the new model go further?
And we get a deeper concept of the relationship between energy and matter, or what is the rest
mass energy? new mathematical formulas and new types of relativistic kinetic energy and
relativistic total energy? The answer to these questions depends on the description of each of the
relativistic kinetic energy and the relativistic total energy in positive and negative space through
the equations and the geometric properties of each space, which were previously mentioned in the

second paper before?
2 METHODS

2-1 The dimensional Rest Mass Hypothesis

According to quantum mechanics, a photon [6] has momentum and has no rest mass, but the rest
is relative, like motion when a photon moves at full speed in the y-dimension or yz-plane, the
photon's energy will appear to be in a state of rest in the X-dimension, and thus the mass that is
equivalent to that energy [9] It is a rest mass relative to X-dimension (dimensional rest mass) and
we need to do work in the positive or negative direction of the X-dimension in order for the
photon to move in this dimension (Look at Figure 1-3), We can summarize the hypothesis in the
following text: “The stuck photon (moving at full speed) in the y-dimension or the yz-plane has a
rest mass on the X-dimension and can also acquire work done on it in the positive or negative
direction of the rest dimension such as any other particle”, and this hypothesis can also be applied

to the relativistic total energy of the particle
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Figure: 1-3
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2-2 Photon Energy in Positive Space

We assume that we have two reference frames S and S' from Cartesian coordinate systems [10]
[2], each reference frame has an observer at the origin point O and O', and that the frame S' is
moving with uniform velocity Vg relative to the S frame in the positive direction of the X-axis, as

we suppose that we have in the frame of reference S'a photon moving at full speed on the vector

a’y in the y'z'-plane between two mirrors, Look at the figure: 2-3
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Figure: 2-3

The energy of a photon E&O on the displacement vector ﬁ in the y'z'-plane is the energy of the
photon observed by the observer O' relative to the frame of reference S' (i.e., in the first
observation conditions), and it is considered rest energy on the X'-dimension according to
the previous hypothesis, and equal to the product of Planck's constant h times the frequency of

the photon v;lo on the same vector according to quantum mechanics [5], so it is written in the

following formula

Eqy, = hvg, (1.3)
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The energy of the photon E, on the displacement vector @ is the energy of the photon observed
by the observer O relative to the reference frame S (i.e., also in the first observation conditions),
at a moment when the two frames coincide where we allow the photon to reach the observer O[4],
because the photon moves in the y'z'-plane, then it will have a rest mass of the X'-dimension
relative to the observer O' according to the previous hypothesis, in the case of Vs equal to zero,
the photon also has a rest mass of the X-dimension relative to the observer O, and therefore when
the frame of reference S moves at a uniform velocity Vs in the positive direction of the X
dimension, work must be done on the photon to move on the X-dimension with the reference
frame S' according to the previous hypothesis also, the photon acquires this work at every
moment of collision with the surface of the mirrors ( Look at the figure 2-3), and as a result the
total energy increases for a photon by the amount of relativistic work done, and the relativistic

total energy of the photon becomes
Eq = Eq, + Ws (2.3)

Where E, is the relativistic total energy [2] [3] [5] of the photon, E;,O the dimensional rest mass
energy of the photon, W the relativistic work done [8] on the photon and according to special

relativity is equal to

Ws =Eq, (¥ —1) (33)
Where v Lorentz factor
1
y=—— (5.2)
V.
1—-=
2
Substitute from 3.3 into 2.3
Eq=Eq + Eq (v —1) (4.3)
Eq =Eq + Eqy — Eq, (5.3)
Ey= Eq v (6.3)
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Equation 6.3 shows us that the relativistic total energy of the photon E, observed by the observer
O increases with the increase in the velocity of the reference frame Vg (this result agrees with the
relativistic Doppler effect in the geometric closest approach [4]), due to the work done on the
dimensional rest mass of the photon according to the previous hypothesis, because the photon
moves at the speed of light relative to the reference frame S, therefore, the work done here cannot
increase the photon’s speed according to the second postulate in special relativity [9] [13], so it
works to increase the total energy of the photon and also works to analyze the velocity of
photon to the two components Wp) and I—/'; , Where @ represents the photon velocity parallel to
the velocity of frame S' on the X-axis, and as a result, the relativistic total energy of the photon
is divided by the two vectors ? , F

The energy of the photon Eg on the displacement vector ﬁ—> is the energy of the photon in the
second observation conditions, and is equal to the product of Planck's constant h times the photon

frequency vg on the same vector according to the principle of inverse relativity (which is the

commitment to the principle of special relativity [12] in the second observation conditions), The
second observation conditions here are purely mathematical as we mentioned in the second

paper ( Modified Lorentz transformations and Minkowski space splits in inverse relativity) [1].

From the second paper equation 29.2, we get the periodic time transformation of the photon

wave in the second observation conditions

tg =tq, ¥ (29.2)
We take the reciprocal of the equation

1 1 8.3)

g ta,

According to classical mechanics, the reciprocal of the periodic time of the wave is equal to the

frequency of the wave [10], and thus we get

Vg = Vg, ¥ (9.3)
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Equation 9.3 shows that the frequency vp in the second observation conditions decreases from

the frequency v(\xo with the increase of the speed of the reference frame Vs, due to the time

dilation

By multiplying both sides of equation 9.3 by h Planck's constant

hvg =hvg vy * (10.3)
Substitute from 1.3, 7.3 into 10.3

Eg = Eq v (11.3)

Equation 3.11 shows that the energy of a photon Ep decreases with increasing velocity Vs,

although the work done on the photon increases, the energy Ejp is called the positive relativistic

total energy because the vector F is the vector of positive space, we mentioned this in the
second paper[1], and therefore we can say here that the time dilation reduces the relativistic
total energy of the photon from the positive space, and when the velocity of the reference frame

reaches the speed of light theoretically, and by substituting for that in the previous equation
Eg =0 Vs =c (12.3)

The dilation of time becomes infinity according to Equation 29.2, so the relativistic total energy
of the photon is completely reduced from the positive space and its value becomes zero, but

where does this energy go?

2-3 Photon Energy in Negative Space

As for the relativistic total energy of the photon on the displacement vector (,7, it is equal to
the difference between the relativistic total energy of the photon on the resultant vector « and

the relativistic total energy of the photon on the displacement vector ,B—), according to the law

of conservation of energy [3] [10]

E, =E,— Ep (13.3)

Michael Girgis



Substitute from 6.3, 11.3 into 13.3

Epy=Ep v — Eq v* (14.3)

the smaller amount E;XO y 1 represents the final energy of the photon after dilation of time, while
the larger amount E;roy represents the final energy of the photon after doing work, this means
that the decrease in the photon’s energy due to the time dilation and the increase in the photon’s
energy as a result of the work done on the photon appears on the vector 5—)

E, = Eq (V—17> (15.3)

Energy E, is called negative energy because the vector (p—) is the vector of negative space, we

mentioned this also in the second paper, so we put a negative sign in the previous equation and

write it in the following formula

E, = —E,, (y - 17> (16.3)

Equation 16.3 shows that the relativistic energy of the photon E, increases with the increasing

velocity Vs, and when the reference frame velocity S' reaches the speed of light theoretically and
by substituting for that in the previous equation, we find that the amount of negative energy

reaches infinity
E, =— Vs =c¢ (17.3)

We find from equations 11.3, 16.3, with the increase in the velocity of the reference frame Vg

the positive energy decreases and the negative energy increases, we conclude that the work done

on the dimensional rest mass works to transfer energy from vector F to vector (/T, and this

means that the dimensional rest mass is the energy resistance to move from the dimension of

motion ( vector ,8_)) to the dimension of rest ( vector (,7 ), we also find from equations 12.3, 17.3
In order for the positive energy of a photon to be zero in positive space, infinite work must
be done, which is not practically possible, therefore we cannot hide or annihilate energy and

information ( position, velocity, momentum, etc.) of the photon from positive space.
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2-4 Relativistic kinetic Energy in Positive Space

But what if we have a particle with real rest mass (such as an electron - a proton - a molecule) and
moving with a relativistic velocity (i.e., a velocity close to the speed of light ) on the vector 0{_‘0—) in
the y'z'-plane relative to the frame of reference S', It is a little different here where the particle
has rest mass energy and relativistic kinetic energy or relativistic total energy relative to the
reference frame S', that energy depends on the velocity of particle on the vector ?0_) , not on the
velocity of the reference frame S', therefore, we assume an imaginary reference frame that moves
on the vector ﬁ and with the velocity l_/)ao and write the relativistic mass equation [3] [7] from
frame S' to the imaginary frame, according to the special relativity of the following formula.

Mgy = My Vg, where Ve = T—— (18.3)

Where m}lo is the relativistic mass of the particle on the vector @’ which is observed by the

observer O' relative to the frame of reference S' in the first observation conditions, I_/;[O is the
relativistic velocity of the particle (or the velocity of imaginary frame) relative to the reference
frame S', and m,, the rest mass of the particle observed by the observer O' relative to the reference

—

frame S' when V, is zero
By subtracting the amount m,, from both sides of the equation

Mgy = My = My V'gy — My (19.3)
Multiplying both sides of the equation c¢?

Mg, % — myc® = myc? y'g, — my c? (20.3)

Amg c? = myc? (g, — 1) (21.3)

The amount m, c? represents the rest mass energy [5] [9] of the particle relative to the frame of

— 2

reference S' when Vg is zero, while the amount Am;xoc represents the difference between the

rest mass energy and the relativistic total energy [2] [6], which according to special relativity is
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equal to the work done or relativistic kinetic energy [3] [8] on the vector a’, relative to the
reference frame S'

KEz = Eo (Ve — 1) V., < ¢ (22.3)

0

The last equation describes the kinetic energy of the particle relative to the frame of reference
S' in relativistic formula, when the velocity of the particle is close to the speed of light, but the
velocity of the particle can be much less than the speed of light, because it does not depend on
the velocity of the reference frame S', In this case, the relativistic formula reverts to the classical
formula for kinetic energy [3]

my V2 V. « ¢ (23.3)

0 0

KE,, =

N =

As for the relativistic kinetic energy of the particle KE, on the displacement vector E’, it is
the kinetic energy that the observer O observes relative to the reference frame S (i.e., in the first
observation conditions), to convert the relativistic kinetic energy from vector a’ to vector @ is
through the transformation of mass on the same vectors, which is a transformation between two
relativistic masses, so we use here the dimensional rest mass hypothesis, where we assume that
the relativistic mass m;xo is also a rest mass on the X'-dimension relative to the observer O,
according to the hypothesis, so that we can transform according to special relativity and the

transformation will be as follows

. 1
My = My, ¥ where Yy = — (24.3)
0 V2
1 __-S
2

Where m,, is the relativistic mass of the particle on the vector a  observed by the observer O
relative to the frame of reference S in the first observation conditions, Vs is the velocity of the

reference frame S', from the equation we get
Amg = Amg, y (25.3)
Multiplying both sides of the equation c¢?

Amg c? = Amg c? y (26.3)
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the amount Am;,(oc2 represents the relativistic kinetic energy of the particle on the vector a’y as

we mentioned earlier, and because it is kinetic energy not a total energy and in the y' z' plane,
therefore, it represents part of the rest mass energy on the X'-dimension relative to the observer

2

O' according to the dimensional rest mass hypothesis, while the amount Am, c* represents the

relativistic kinetic energy [9] of the particle on the vector a that the observer O observes relative

to the frame of reference S

KE, =KE, y (27.3)
0

Equation 27.3 shows us that the relativistic kinetic energy of the particle KE, increases with

the increasing velocity of the reference frame Vs, due to the work done on the particle with the

motion of the reference frame S', but if we want to analyze or divide the energy on the vector a

—

into the two vectors (p_) , [, we cannot use the previous relativistic formula for kinetic energy
because it depends on mass only, and it is a scalar quantity that cannot be analyzed, so a new
formula must be obtained in which the relativistic kinetic energy depends on the velocity factor

next to the mass

To enter the velocity factor with relativistic mass into equation 18.3, we rewrite the equation in

the following form

c?

1
\ \ ;2\ ?
My, = My ( —ﬂ> (28.3)

Then we differentiate the equation with respect to the velocity

_3
dm, . v\ 2 4 V2
2= —m, < —%’) : T< - (29.3)
dv,, c dV,, c
dI_/;O BRERE c? c? '
dm\ m\ —_
o = 0 % (31.3)
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Substitute from 18.3 into 31.3

dm m, V,
% _ %o i?z (32.3)
Ve, c? <1 _ ﬁ)
c
dm, m, V,
= - (33.3)
dv,,  (c2-1,2)
dmg, (c? = V,2) = my, Vy, d, (34.3)
dmg, c? dmy, V,2 = my, V, dV,, (35.3)
dmg, 2 = dmg, V2 + my, Vi, dVy, (36.3)

The left side of the equation represents an infinitesimal amount of relativistic kinetic energy on

the vector

dmg, ¢ = dKE,, (37.3)

Substitute from 37.3 into 36.3

dKE,, = dmg, V.2 + my, V,, dV, (38.3)

0
Equation 38.3 represents the relativistic kinetic energy of the particle on the vector a’( according
to special relativity but in differential form [3]. In a similar way, we can describe the relativistic

kinetic energy of the particle on the vector @ relative to the frame of reference S by the following

differential formula

dKE, = dm, V? + mg V, dV, (39.3)
The differential formula includes the velocity factor and the mass factor together as in the
classical formula for kinetic energy, and therefore we can here analyze the relativistic kinetic
energy, where the velocity vector Va) is analyzed into two components VT; and I7<p We mentioned
this in the second paper, but the mass m, it is a scalar quantity do not accept analysis, so the

relativistic kinetic energy of the particle on the vector F is written in the following differential

formula
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dKEg = dm, Vi + m, Vg dVp (40.3)

Where dKEg is an infinitesimal amount of the relativistic kinetic energy on the vector F , and
I_/'; is the particle's velocity on the vector ,8_), to convert the relativistic kinetic energy from the

vector @' to F, we must obtain the transformation of the mass m, (we have already obtained
this) and the velocity V; and this will be through the transformations of the velocity vectors the

second paper of equation 58.2 [1]

- =

Vo =Vp v? (58.2)

We write equation 58.2 in differential form

dVp = dV, v~} (41.3)
We write equation 24.3 in differential form
dm, = dm}x0 y (42.3)
Substitute from 42.3, 58.2, 24.3, 41.3 into 40.3
dKEg = dmyg, y dl_/:xg Y2+ mg, vy dl70;0 y~1 17% Y1 (43.3)
dKEg = dmyg, dV,2 vy~ + my, dV,, V, vy~ (44.3)
dKEg = (dmy, dV,2 + my, dV, V,)y™ (45.3)
Substitute from 38.3 into 45.3
dKEg = dKE,, y™* (46.3)
By the definite integration of both sides of the equation
KEg KEq,
j dKEg = y~! J dKEg, (47.3)
0 0
KEg = KE, y~! (48.3)

Equation 48.3 shows us that the relativistic kinetic energy KEp decreases with increasing

velocity Vs, although the differential formula for kinetic energy in Equation 40.3 contains
the relativistic mass factor (or mass increase), but we find the effect of time dilation here is

greater, and the energy KEp is also called positive relativistic kinetic energy, because the

vector ﬁ—> is the vector of positive space as we mentioned earlier, and when the velocity of
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the reference frame reaches the speed of light theoretically, and by substituting for that in the
previous equation, Time dilation becomes infinite according to equation 29.2, and therefore the
positive kinetic energy is completely reduced from the positive space and its value becomes zero,

which is the same result that we obtained in equation 12.3
KEg = 0 Vs =c (49.3)

The positive energy properties, whether of a photon or a particle of real mass, depend on the
geometric properties of positive space, Where we find the time dilation in this space reduces the
velocity according to the second paper, and reducing the velocity here leads to a reduction in the
relativistic kinetic energy of the particle and in the relativistic total energy of the photon until it
reaches zero when the time dilation reaches infinity, and we also find the causality [15] in positive
space it is symmetric for all observers, Thus, we can describe positive energy as the energy
associated with causality or the energy exchanged between colliding particles ( you can return to
the collision example in the second paper), Therefore, both observers can observe this energy on
the observation devices when it is causal (in other words, when the particle containing this

energy is in a collision) with the observers or their observation devices

2-5 Relativistic kinetic Energy in Negative Space

—

As for KE, the relativistic kinetic energy on the velocity vector V, it is equal according to the
law of conservation of energy [3] [10] the difference between the relativistic kinetic energy on

the net velocity vector 70; and the relativistic kinetic energy on the velocity vector VT;

KE, = KE, — KEg (50.3)
Substitute from 48.3, 27.3 into 50.3

KE, = KE4, v — KEq, v! (51.3)
\ 1

As we mentioned earlier, the vector (p—) is the vector of negative space, so we put a negative sign

in the previous equation

. 1
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Equation 53.3 shows us that the negative relativistic kinetic energy KE, increases with the
increasing velocity Vs, and when the velocity of the reference frame reaches the speed of light
theoretically and by substituting for that in the previous equation, we find that the negative energy

reaches infinity (theoretically), which is the same result which we get in equation 17.3
KE, = — Vs =c (54.3)

The properties of negative energy depend on the geometric properties of negative space, we know
from the second paper that negative space is a non-causal space, meaning that there is no
causality, Therefore, we can describe negative energy here as energy outside of any causality, so
none of the observers can observe this energy on observation devices because it is causally
separate from the observers and their observation devices, (You can go back to the collision
example in the second paper), One of the properties of negative space is also that the velocity
vectors are parallel in direction and equal in magnitude to the velocity of the reference frame Vg,
so we can describe negative energy as parallel energy to the space of each observer, in the
above examples, it is parallel to the observer’s space O', but if we assume the motion of
the reference frame S in the negative direction of the X-axis, It will be parallel to the observer

space O.
3 RESULTS

As we have done in the second paper ( Modified Lorentz Transformations and Minkowski space
splits in inverse relativity) to analyze the displacement and velocity vector of the particle in the
reference frame into two vectors, each vector resulting from the analysis process is represented in
its own space, one is positive and the other is negative, here we will also analyze each of the
energy of photon and the relativistic kinetic energy of the particle on these two vectors, and thus
we get new types of energy, the properties of each type depend on the geometric properties of the
space in which it is located, the energy that exists in 4D positive space is called positive energy,
where we find the time dilation in this space reduces the positive energy until It reaches zero
when the time dilation reaches infinity, and we also find the causality in the positive space is
symmetric for all observers, so this energy can be in causation with any of the observers or their
observation devices, which can be observed, As for the energy that exists in a 4D negative space,
it is called negative energy, and because negative space is a space without causality, therefore,

this energy is always outside of any causality, whether with observers or their observation
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devices, This means that it cannot be observed, We can also describe negative energy as the

parallel energy of space of each observer, as we find that the work done on the dimensional rest

mass works to transfer energy from the vector ,8_) to the vector 5—), and therefore the dimensional
rest mass is the resistance of the energy to move from the dimension of motion to the dimension
of rest, and in order for the positive energy to reach zero theoretically, infinite work must be done,
this is not possible from the practical side, Therefore, the positive space retains both the energy

and information of the particle
4 DISUSSIONS

in special relativity according to the first paper [16] ( Energy and Time Paradox Limits of Special

Relativity in Practice), we find that time dilation and mass increase appear together on the same
vector @ in the same frame of reference S, this leads to a decrease and an increase in the

frequency of the photon or energy in generally on the same vector a , which forms a paradox in
the phenomenon of annihilation of two pairs of particles and a paradox in the temperature

transformation in relativistic thermodynamics [14], but in the new model of inverse relativity, the
displacement vector a is analyzed into the two displacement vectors F and (p—: where we find

that the photon’s frequency or energy decreases on the vector F due to the time dilation

(although taking into account the increase in mass but the time dilation has the largest effect), as

we find that the frequency of the photon or the energy increase on the vector (p—) ( where the
increase in mass here has the greatest effect), and both vectors are in the same frame of reference
S, and this means that the energy decreases and increases at the same time for the observer O,
according to the observation process used by the observer, if he is observing relative to himself
(the first observation conditions) or if he is observing relative to the other observer (the second

observation conditions), and this is a theoretical solution to the paradox of energy and time

In special relativity also, the concept of energy was associated with the velocity factor of the
particle, when the velocity is zero, i.e. the particle is in a state of rest, it has the energy of rest
mass, and when it has a speed close to the speed of light, it has a relativistic kinetic energy, while
in the new model we find that the concept of energy is associated with causality factor [15] Or the
direction of the velocity vector of the particle, where we find the energy associated with causality
and called positive energy, which is the energy that can be observed in nature, and energy

separate from causality and called negative energy, which is energy that cannot be observed
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despite its presence in nature, and thus the new model reveals to us new types of energy has new

mathematical formulas as well, other than the formulas used in special relativity

We also find the concept of rest mass energy in special relativity from the mysterious concepts,
Where all special relativity tells us is the amount of energy that can be converted into matter or
vice versa according to the famous equation E = m c? [9], but it did not provide any conception
of the nature of the energy of the rest mass, while we find in the new model of inverse relativity
the hypothesis of the dimensional rest mass is a geometric conception of the energy of the rest
mass, It can be the energy of a photon or the relativistic kinetic energy of a particle stuck in one
or two dimensions of spatial space, where it appears in the third dimension as rest mass energy,
meaning that the rest mass energy is the geometry of energy on the space, while the rest mass is

the resistance of energy to move from a dimension of motion to a dimension of rest in space

Types of energy Special Relativity Inverse Relativity
Transformation of E, = E'(;l0 % Ep = E;lo Y-
Relativistic Total
or
Energy . 1
Etotat = Evest ¥V E, = _E;to <)/ — _>
14
Transformation of i KEg = KE(‘IO y !
Relativistic Kinetic KEy = KE,, v
Energy

KE, = —KE,, <y

The rest Mass E, = m, c?
Energy
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