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Abstract
This article presents a physical model, which describes the ideas of special relativity, in a rational, logical, simple and understandable manner, while using
basic mathematical tools. The model is based on Albert Einstein’s formula,
which describes the “rest” energy of a body with mass ( m ) , given by the
formula E = mc 2 . Based on this formula, and in accordance with the theory
of special relativity, we present here a model of a body, moving at a constant
velocity in space (at high speeds, close to the speed of light), with speed equal
to the speed of light in space-time, determined with an “energy angle” and
negative mass. This model offers a method for creating negative mass, a calculating method for the relative velocity, and a method for calculating energy
and momentum, in a completely elastic collision and plastic collision, different than in the contemporary nowadays method found in classical and modern physics. In addition, the new model solves problems and paradoxes
known in special relativity physics, such as the Twin Paradox and others.

Keywords
Negative Mass, Energy Angle, Frame of Reference, Speed of Light, Special
Relativity

1. Introduction
As known today in modern physics, and especially in the theory of special and
general relativity, in quantum physics and cosmology, the Albert Einstein’s formula describes the “rest” energy of a body with mass ( m ) , by the formula
E = mc 2 , which means that a body with mass m has a proportional amount of
energy and vice versa [1]. This formula determines that this energy E can be
calculated as the mass m multiplied by the squared speed of light
( c= 3 × 108 m s ). The equation claims that if the body is stationary, it has an
inner energy, which is its “rest” energy, in accordance with its rest mass. When
the body is in motion, its total energy is greater than its rest energy, that is, its
DOI: 10.4236/jmp.2019.107057

Jun. 30, 2019

861

Journal of Modern Physics

E. Tannous

total mass is greater than its rest mass. Another assumption is regarding the
speed of light. When the body moves, it can obtain momentum and energy, but
when it approaches the speed of light, it cannot overpass it, regardless of the additional energy it receives [1].
Moreover, regarding the transition from one inertial frame of reference to
another, Galileo’s relativity assumption requires the principle of equivalence that
the laws of motion are the same in all inertial reference frames [2].
Lorentz transformations, appearing in the theory of special relativity, are linear transformations of coordinates between two reference frames moving at a
relative constant velocity and showing how time and space change when moving
from one reference frame to an inertial reference frame which moves relatively
to it at a constant velocity in a straight line [3]. Minkowski’s diagrams [4] describe the space-time dynamics from a perspective of relativity, and make it
possible to draw graphically and quite easily how a particular event (or collection
of events) will be labeled in different frames.
It is well known that there are a few problems in the theory of special relativity,
problems without a solution or with a solution which is not intuitively understood. For example, the Twin Paradox is a thought experiment in which a difference of age between a pair of twins is created: the first twin departs from his
brother in space at a very high velocity and returns to Earth, while the second
remains on Earth. When they meet again, the twin who left and returned back
will be younger than his brother. The reason for the different period of time experienced by the twins is that they have undergone different paths in space-time
between these two events. The “self-time” between two events depends on the
path that connects them. Therefore, each of them measures another self-time.
The solution to the Twin Paradox is difficult to understand and is explained by
special relativity.
Another conceptual problem in physics, in general and in special relativity in
particular, is that mass, energy, and time must have positive values and cannot
have a negative value. As a result, there is currently no way to create a negative
mass, there is no way to go back in time, and there is no way to produce gravitational repulsion forces.
Furthermore, the current cosmological measurements support the observation
that the universe is expanding and its expansion rate is even increasing. The expansion of the universe is a term that describes the growth of distances between
different points in the universe in time. One of the explanations for the expansion of the accelerating universe is based on the speculation of a dark unobserved energy, whose origins and properties are still not known.
The purpose of this paper is to provide a model of a body that explains in a
deeper way the problems mentioned above. The model gives the same results of
the special relativity in classical and modern physics, but in a simpler and easier
way to understand, including Lorentz transformations [5], the Minkowsky time
interval [6], the Doppler relativity effect, the Twin paradox, energy formulas,
elastic and plastic collisions. Moreover, this article shows the existence of the
DOI: 10.4236/jmp.2019.107057
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concepts of the “energy angle” and negative mass, which can change the understanding of laws of physics as known today. The model makes the theory of special relativity understood in a more comprehensive way than before.
The new model and its definitions are described in Section 2. The building of
the model and the application of the model formulas in the various fields are
described in Section 3, including the solution of the problems mentioned above.
Discussion, summary and conclusions are given in Section 4.

2. A body Model Moving in the Space-Time
The basic premise of this new theory is that each body or particle moves in
space-time at the speed of light, which is derived from the formula E = mc 2 . A
body with mass m1 in space observes the universe in a different way, with different dimensions and times as compared to another body with a mass m2 ,
moving at a different velocity. Moreover, each body feels at rest even if its speed
is close to the speed of light relative to another body.
The proposed theory is also based on the Galilean equivalence principle,
which claims that the laws of physics are the same in all inertial reference frames.
However, instead of the assumption of the constancy of the speed of light, the
theory here states that the energy of each mass m in any reference frame is
constant, i.e. E = mc 2 , and each mass m measured in any spatial-temporal
reference frame of four dimensions is already moving at the speed of light c .
When the body is at rest in the Euclidean space ( x,y,z ) , it can be said that it
moves in the fourth dimension which is the time axis ( t ) , and its speed is the
speed of light. This time axis is called “Light Time Axis” and we mark it as ( ct ) .
The “light time axis” is orthogonal to the three axes in the Euclidean space
( x,y,z ) .
The speed of light is the only absolute speed, to all bodies in the universe, and
any other speed is actually the projection of the speed of light on the spatial axes,
or the difference between the speeds of light in different directions in the frame
axes of space-time.
Each body will be have “self-speed of light vector” C , where each body with
mass has its own self-speed of light vector in its four-dimensional space
C = ( c, 0, 0, 0 ) and each body has a different direction of the ‘self-speed of light
vector’ if we observe it from a common frame of reference, unless they are at the
same speed and in the same direction, i.e., the two bodies are at rest relative to
each other. In this case, their “self-speed of light vector” will be equal, regardless
of the magnitude of the mass.
The ‘self-speed of the light vector’ has the following properties:
1) The modulus of the “self-speed of light vector” is always equal to the speed
′ c
C C
=
of light: =
2) At any given time t , “the light distance” measured in the frame of reference is equal for all the masses in any frame: C1∆t = C 2 ∆t = 
3) The projection of the “self-speed light vector” on the Euclidean space velocity axis ( x,y,z ) gives a velocity v ′ and the projection on the time axis
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gives its self-time velocity vt′ , wherein c 2 = vt′2 + v ′x2 + v ′y2 + v z′2 .
4) When the body moves in a Euclidean frame of reference

( x,y,z )

at a

velocity v ′ = ( vx′ , v′y , vz′ ) , the “self-speed light vector” is C ′ = ( vt′, vx′ , v′y , vz′ ) . The
“self-time Velocity” vt′ =

d ( ct ′ )

of the moving body in a frame of reference can
dt
be calculated, as: vt′2 = c 2 − vx′2 + v′y2 + vz′2 , or by the projection of the vector

(

)

C ⋅C′
c
5) The “energy angle” α is the angle between two self-speed light vectors of
v
where
the reference frame with respect to the moving one, therefore: sin α =
c

C ′ on the self-speed light vector C of the frame of reference vt′ =

v = v ′ = vx′2 + v′y2 + vz′2 or vt′= c ⋅ cos α .

The properties of the self-speed of the light vector are obtained as a result of
simple basic mathematics, i.e. it is based on its definition as a vector representing
velocity.

3. Evolution of a Body Moving in the Space-Time
In this section the evolution of a body moving at the speed of light in the
space-time, in accordance with this new theory and the model derived from it
will be shown. The formulas derived from this new theory, and its implications
and applications in the various branches of physics, including solutions of special problems in physics will be detailed.

3.1. Development of Equations According to the Model
This sub-section presents the equations which are derived from this new theory.
At first we refer to one body and its relation to other bodies will be discussed later.
The evolution of the body in terms of speed, energy, energetic angle, and from
there how to obtain a negative mass will be treated. From there it will be shown
how to obtain known formulas in physics via this new theory, which include
energy formulas, specifically for completely elastic collision and plastic collisions.
3.1.1. One-Dimensional Space
Without losing generality, reference will be made to only a one-dimensional
spatial frame (1D) in x and x ' axes, orthogonal to ct and ct ' , respectively. The 1D choice is only to ease the understanding of the theory. The theory
applies to 3D models as well.
Figure 1(a) describes the velocity frame of reference of a body moving in relation to a frame of reference at speed v in direction x , showing a self-speed
light vector of the moving body, consisting of two elements, the velocity v in the
v v=
dx dt and the velocity along the time axis vt′ of the
direction of x =
x
mass in the direction of the axis of the self-speed of light vector of the reference
frame. C is the “self-speed light vector” in the frame of reference and C ′ is the
“self-speed light vector” of another moving body. The angle α describes the rotation angle between the two frames. The projection of the self-speed light of the
DOI: 10.4236/jmp.2019.107057

864

Journal of Modern Physics

E. Tannous

moving body C ′ on the horizontal axis vx gives the velocity v in the x
direction. Its projection on axis C gives the self-time speed vt′ = d ( ct ′ ) dt ,
which is the speed of light time of the moving body measured in the frame of
reference.
The x or x ' axis is determined perpendicularly to the “self-speed of light
vector” of each frame separately. Thus, we obtain that the angle α between the two
“self-speed light vectors” is the same angle between the two axes x and x ' .
Figure 1(b) describes a model called “Integral Couple Frame” (ICF), a time
integration frame with the following meaning:
An integral on v x creates the x -axis and its direction.
An integral on C ′ creates the ct axis and its direction.
An integral on vt′ creates the ct ' axis and its direction.
It should be noted that the x ' axis is normalized to the “self-speed light vector” of the moving body C ′ .
The result gives two frames with distances x′ , ct and x , ct ′ wherein the
ct time axis is not normal to the x axis, and the ct ′ axis is not normal to the
x′ axis.

(a)

(b)

(c)

Figure 1. (a) The velocities plot of the moving body model relative to a frame of reference,
with C “self-speed of light vector” in the body frame of reference and C ′ the
“self-speed of light vector” of the moving body. The angle α describes the rotation angle between the two frames;. (b) “Integral Couple Frame” Model (ICF), which is a time integraDOI: 10.4236/jmp.2019.107057
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tion. The angle α is the same angle as in Figure 1(a); (c) The body’s initial condition.

The parameters x0 , x0′ , ct0 , ct0′ are the constants obtained from the integration operation and have values that can be calculated according to the boundary
values, i.e. the initial conditions. The main axes can be placed one over the other
and can be reset in time and space as shown in Figure 1(c). The ICF model,
which describes the intersection between x ' and ct axes, shows the motion in
the frame with time progression, while the point of x′ = 0 will always be attached to the ct value.
3.1.2. Lorentz Transformation
As mentioned above, the value of the angle α depends proportionally on the
magnitude of the speed v :
v = c sin α
(1)
The parameter β can be found from Equation (1), that is the ratio between
the speed v and the speed of light c :

β=

v
= sin α
c

(2)

The Lorentz factor defined in Einstein’s theory of relativity and its relation to
the energetic angle α can also be identified here as:

=
γ

1
=
v2
1− 2
c

1
1
=
2
α
cos
1 − sin α

(3)

Figure 2 describes the changes in distances and light time in the moving
frame and their projections in the stationary frame. The differences in the moving frame measured in the reference frame are:
1
=
∆x cos α ⋅ ∆x′
∆x = ∆x′
therefore
(4)
γ
1
=
∆t
⋅ ∆t ′
∆t = γ∆t ′
cos α
In the equations above, two concepts are obtained, Length contraction and
Time dilation. That is, the length ∆x′ of the moving frame measured from the
reference frame ∆x is shorter. In fact, the length and time of light do not
change, but their projections from one frame to another are different.

Figure 2. The changes in distance and light time in
the moving frame and their projections in the stationary frame.
DOI: 10.4236/jmp.2019.107057
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Figure 3 describes two events, e and k , in the x, ct plane and x′, ct ′
plane and the projections of the coordinates in both frames. The values of the
events e and k are obtained by calculating the coordinate’s projections of the
events in one frame onto the other frame, and the subtraction between them results in the equations of the following differences.
i.e. ∆x = xe − xk , ∆x′ = xe′ − xk′ , ∆ct = cte − ctk and ∆ct ′ = cte′ − ctk′ .
We obtain thus:
=
∆x′ cos α ⋅ ∆x − sin α ⋅ c∆t ′
=
∆x cos α ⋅ ∆x′ + sin α ⋅ c∆t
and vice versa
(5)
=
∆t ′ cos α ⋅ c∆t − sin α ⋅ ∆x′
c∆t cos α ⋅ c∆t ′ + sin α ⋅ ∆x
c=

We can substitute Equation (1) and (3) into Equation (5), resulting in Lorentz
transformation:

∆x′ = γ ( ∆x − v∆t ) and vice versa ∆x = γ ( ∆x′ + v∆t ′ )
v


∆t ′= γ  ∆t − 2 ∆x 
c



(6)

v


∆t= γ  ∆t ′ + 2 ∆x′ 
c



If the distance between the two events e and k is l , Minkowski’s interval
formula can be obtained directly without using an imaginary time axis:

l 2=

( c∆t )

2

+ ∆x′2 =

( c∆t ′)

2

+ ∆x 2

⇓
∆s 2=

( c∆t )

2

− ∆x 2=

( c∆t ′)

2

− ∆x′2

In the Euclidean space x, y , z :
∆s 2=

( c∆t )

2

− ∆x 2 − ∆y 2 − ∆z 2=

( c∆t ′ )

2

− ∆x′2 − ∆y ′2 − ∆z ′2 .

Figure 3. Two events e and k in the x, ct plane
and x ', ct ' plane and coordinates' projections
for both frames.

3.1.3. Invariance of the Speed of Light in the 2 Frames
This theory, as we have pointed out, is based on one premise, namely that each
body moves in space-time at the speed of light. Here we will demonstrate that
DOI: 10.4236/jmp.2019.107057
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Einstein’s premise, which is that the speed of light is equal in all frames, is indeed obtained from our premise regarding the energy of a moving body.
Figure 4(a) describes a photon exiting from the origin of the stationary frame
at time t= t =′ 0 and making its way to point x1 . The angle at which the photon advances in the x, ct plane is β , which is a bisector of the two axes i.e.,

=
β ( π 4 − α 2) .
Figure 4(b) describes the photon reaching point x1 , where the stationary
frame progresses in time to a value of ct1 . The values of x′ and ct ′ are equal
at this point. Both the stationary and moving frames measure a speed of light
equal to c , even though the distances and times are not equal. The ratio of the
distances that the light travels in the stationary and moving frames is:
x′ ct ′
1 − sin α
= = tan=
β
which shows a Doppler effect for the relativistic case.
x ct
cos α
(7)

(a)

(b)

Figure 4. (a): Scheme of a photon exiting from the origin of the stationary frame and the
description of distances and times in the frames. (b): The photon reaches point x1 and the
description of the distances and times in the frames.

Figure 5 describes the separation velocity vector Vax , the separation of the
axes’ origin of the moving frame ( x′, y ′, z ′ ) = ( 0, 0, 0 ) from the axes’ origin of
the stationary (reference) frame

( x, y, z ) = ( 0, 0, 0 )

in the space-time plane. The

velocity of the moving frame is the vector difference between two vectors of the
speed light vectors of both frames with C1 and C 2 . The vectors in the polar
 π

 π
description ( r , θ ) are: C1 =  c,  and =
C 2  c, − α  , whose representa2
2




′
C1 (=
v
v
=
vvˆx + vt′vˆt wherein:
0, c ) cvˆt and C=
,
tion in Cartesian form is:=
(
2
t)

vˆt is a unit vector of the velocity in the direction of the “light time” axis ct ,
and vˆx is a unit vector velocity in the direction of the x -axis. Vax is the separation velocity vector, i.e., the separation of the two bodies in the space-time,
whose direction is the movement of the axes’ origin of the one-dimensional
moving frame ( x′ ) = ( 0 ) relative to the axes’ origin of the stationary frame
DOI: 10.4236/jmp.2019.107057
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( x ) = (0) .
Using v = c sin α and vt′= c ⋅ cos α will lead to
Vax = c sin α vˆx + c ( cos α − 1) vˆt

The use =
of cos α cos 2 (α 2 ) − sin 2 (α 2 ) and sin α = 2sin (α 2 ) cos (α 2 )
will lead to: Vax 2c sin (α 2 ) cos (α 2 ) vˆx + c cos 2 (α 2 ) − 1 − sin 2 (α 2 ) vˆt
=
Finally using cos 2 (α 2 ) − 1 =− sin 2 (α 2 ) will lead to:

(

)

=
Vax 2c sin (α 2 ) cos (α 2 ) vˆx − 2c sin 2 (α 2 ) vˆt
=
Vax 2c sin (α 2 ) ( cos (α 2 ) vˆx − sin (α 2 ) vˆt )

In a polar representation the upper expression, gives the following formula:


α  α 
Vax = C 2 − C1 =  2c sin   , − 
2 2


(8)

The projection of the velocity vector on the x-axis gives the relation for the
speed v using Equation (1):

α

α

α

Vax cos
= 2c sin cos
= c=
sin α v
2
2
2

(9)

When the moving frame reaches the speed v = c , the value of Vax will be
greater than the speed of light, in the space-time, and its angle is −45˚. Thus,
π


when α = π 2 , Vax=  2 ⋅ c, − [ rad ]  . This result does not contradict the
4


known laws of physics nowadays, namely that the transfer of energy or mass
cannot exceed the speed of light in the Euclidean frame ( x, y, z ) or ( x′, y ′, z ′ ) .
Indeed, this velocity is in the space-time, and by its projections on each of the
three axes, a speed is obtained, which is not greater than the speed of light.

Figure 5. The separation velocity vector, is the separation of the moving frame from the stationary frame.

Figure 6 describes the model for calculating relative velocities of three bodies
1, 2, 3 at different velocities. The first body is treated as a reference frame 1 with
x1 , ct1 , i.e. v11 = 0 , wherein the speed of body number 1 relative to frame 1 is
 π
zero, and the self-speed of light vector is C1 =  c,  . The second body’s frame
 2
DOI: 10.4236/jmp.2019.107057
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x2 , ct2 moves at a speed v12 relative to the first frame and the angle α12 is:
 π

sin α12 = v12 c with a self-speed of light vector =
C 2  c, − α12  , whose projection
 2

on the x axis is v12 . The velocity of the third body relative to the second frame
is v23 (we assume that the velocity is in the positive direction of x ) with the
angle α 23 according to sin α = v12 c and gives the self-speed of light vector
 π

=
C3  c, − α 23  . The velocity of the third body v13 by projection of its
 2

self-speed of light C3 on the vx1 axis of the reference frame is:

=
v13 c sin (α12 + α 23 )

(10)

= v12 + v23 ,
At speeds much smaller than the speed of light, we obtain v13
following Equation (1) since:
lim sin (α12 + α 23 )= sin α12 + sin α 23 .
α12 ,α 23 → 0

The velocity of the third frame in the reference frame can also be calculated if
the velocity v23 is in the direction of y2 axis of the second frame. We therefore
α13 cos α12 ⋅ cos α 23 . It is possible to
=
obtain the following expression: cos
v2 v2
2
calculate v13 from Equationn (1) by: v132 = v122 + v23
− 12 2 23 . Here, too, at small
c
2
2
2
= v12 + v23 which is a vector addition of speeds
velocities, we obtain lim v13
v12 , v23  c
according to Pythagoras theorem.

Figure 6. A model presentation for the calculation of
relative velocities while describing frames of three bodies at different velocities, and the first body is a reference frame.

Figure 7 describes an array of self-speed of light vectors of three bodies,
wherein body 2 moves in the direction of the x-axis and body 3 moves in the direction of the y-axis.
DOI: 10.4236/jmp.2019.107057
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Figure 7. Vector description of self-speed
of light vectors of three bodies.

3.1.4. Energy
In this model, the body moves always at the speed of light in space-time, and the
velocity of the body in the Euclidean space x, y, z does not change the value of
the self-speed of light vector, but only its direction, i.e. the angle α . Accordingly, its total energy is m0 c 2 ( m0 is the rest mass of the body). The
 d ( ct ′) 
self-speed light vector in the fourth-dimensional space is: C ′ = 
,v ,
 dt

d ( ct ′ )
and
which is composed of two main parts, the self-speed of light vt =
dt
the speed of the body relative to the reference frame in the Euclidean space v .

The energy consists of the following components:
A) The body self-time energy Est , which determines the amount of mass left
as a result of the movement.
B) “State” kinetic energy Eα , which is the energy that the body carries in the
reference frame, as a result of its speed. (In this case, this energy is kinetic energy,
but in other cases, it may also include other energies, therefore here the sign and
name are).
The self-time energy Est is the product of the mass m and C1 and C 2
that is, the projection of the moving body’s self-speed of light vector on the reference frame:
Est= m0 C1 ⋅ C 2= m0 c 2 cos α ≡

m0 c 2

γ

(11)

i.e., the self-time energy of the mass is smaller than the “rest” energy E0 = m0 c 2
reaching a value of m0 c 2 cos α of the energy in a moving condition, and the
difference between them is actually the state kinetic energy Eα , which can also
be obtained by the projection of the velocity C 2 on the motion direction of the
moving frame in the following formula:

 1
Eα = m0 C 2 ⋅Vax= 2m0 c 2 sin 2 (α 2 )= m0 c 2 (1 − cos α ) ≡ m0 c 2 1 − 
 γ

(12)

For small values of α (small speeds relative to the speed of light), the state
m0 c 2 (1 − cos α )
m v2
E
from=
kinetic energy tends to Ek = 0
=
limα →0 α 2
1
2
m0 v
m0 c 2 sin 2 α
2
2
and when the speed approaches the speed of light, the energy approaches
DOI: 10.4236/jmp.2019.107057
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E=
E=
m0 c 2 .
k
α
That is, when α = π 2 , the total energy of the mass is kinetic m0 c 2 and the
self-time energy is zero at this point. This model is in contrast to Einstein’s result,
that the mass increases to infinity as the speed increases and approaches the
speed of light, thus the formula he obtained E = γ m0 c 2 is incorrect according to
our model.
According to the model of the current theory, the energy conservation law is
kept and the sum of the two energies Est and Eα is the rest energy of the body
E0 = m0 c 2 :
E0 = Est + Eα = m0 c 2
(13)
3.1.5. Negative Mass
Figure 8 describes quadrant zones of the changes in the energetic state of a
moving body for changes of the energetic angle α , in the range of ( −π ) to
(π ) . Quadrant A shows the change in the velocity from 0 to c , quadrant B
shows the change in the velocity from 0 to −c , quadrant C shows the change in
the velocity from c to 0 and quadrant D shows the change in the velocity from
−c to 0. Quadrants C and D are areas where the self-time speed is negative, so
that the self-time obtained by the integration method (as shown in Figure 1) is
negative, and it is a zone of negative mass.
Figure 9 describes the ratio of the speeds and energies of a body as a function
of the energetic angle α , in accordance with the measurement of the velocity
and its direction in the reference frame. The sum of the body total energy is
equal to E0 = m0 c 2 . When the energy angle α is π 2 , the speed energy angle
of the moving body reaches the speed of light and the state kinetic energy is
equal to m0 c 2 . With greater energy input, the body’s speed will decrease until
the energy angle reaches π and the body will be in a rest state with state kinetic
energy of 2m0 c 2 and self-time energy

( −m c ) . The figure shows the speed of
2

0

a moving body normalized to c , the state kinetic energy Eα and the self-time
energy Est normalized both to m0 c 2 , as a function of the angle α which extends in the range of −π and π , from measurements in a stationary frame.
Increasing the speed causes the body mass to be reduced. When the speed
reaches the speed of light, the body will be completely massless. The self-time
energy Est is the amount of energy left in the body after some of it becomes
kinetic energy, and its mass decreases by:

=
m m=
m0 γ
0 cos α

(14)

As the body reaches α = π 2 , the speed begins to gradually decrease and the
body reaches a negative self-time zone. When the body reaches α = π , the speed
is zero, the kinetic energy is Ek = 2m0 c 2 and the self-time energy is
Est = −m0 c 2 . The effective mass m of the body (the mass which the reference
frame perceives of the same body) is:
E

st (α π )
=

DOI: 10.4236/jmp.2019.107057
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=
−m=
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The value of the gravitational force is in inverse ratio by:

m(α = π ) M
−m0 M
F(α = π ) G =
G
=
<0
2
r
r2
where in M is the mass of the gravitational source (in the reference frame), r
is the distance between the masses centers and G is the gravitational constant.

Figure 8. Zones of changes in the energetic state of a moving
body with the change of the energetic angle α , in the range of
( −π ) to (π ) . Quadrants C and D are zones where the
self-time speed is negative, so that the self-time is negative, and
it is a zone of negative mass.

Figure 9. The ratio of the normalized speeds and energies of a body as a function of the
energetic angle α . The graph shows the speed of a moving body normalized to c , the
kinetic energy Ek normalized to m0c 2 , and the self-time energy Es normalized to

m0c 2 , as a function of the angle α in the range of −π and π as measurements from
a stationary frame.

Attention is now drawn to Figure 10(a) and Figure 10(b), when the body
exceeds α = π 2 . Figure 10(a) is in the range of π 2 < α < π and Figure 10(b)
is in the range of − π < α < − π 2 When the body exceeds the speed-of-light
barrier, its speed decreases and its self-time energy receives negative values. The
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self-time of the moving frame progresses in the negative direction. The projection
of a body, moving in the direction of the arrow, in the x -axis is in reverse to its
direction, i.e. it will move away. Its direction is reversed, therefore its future can
be seen, but after a while it moves away and its past can be seen. When the body
is in a gravitational field, it will move against gravity, moving from the future to
the past.

(a)

(b)

Figure 10. (a) Two frames model for the energy angles in the range of π 2 < α < π ; (b)
Two frames model for the energy angles in the range of − π < α < − π 2 .

Figure 11 shows several bodies K, L, M, N with different self-velocity vectors
and the forces of attraction or rejection between them, where body K represents
the reference frame. There is an attraction force between the body K and body L
and a repulsive force between body K and body N. Also, there is an attraction
force between body L and the two bodies, K and N. When body L moves to the
right at a speed close to the speed of light and body M moves to the left at a
speed close to the speed of light, the speed of body L relative to body M is significantly smaller than the speed of light (it can be seen from the projection of the
self-speed of light vector on the x axis of body M), because in relation to it,
body L has a negative mass. A negative mass is relative to another mass when the
angle between the self-speed vectors between the two masses is greater than π/2.
Negative mass is also obtained for values of velocities smaller than the speed of
light, including the zero velocity (a state of rest).

Figure 11. Description of bodies with different self-velocity vectors
and the forces of attraction or repulsion between them.
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3.1.6. The Amount of Energy Required to Bring a Body to the Speed of
Light
The model also provides a method for calculating the amount of energy required
to bring a body from a state of rest to the speed of light, according to the following steps:
Applying an F force in order to change the angle of the self-speed of light vector from α = 0 to α = π 2 .
dp ′
in the formula dEα = Fdx′ leads
Inserting the momentum value F =
dt
dx ′
to dEα = dp ′
dt

v′

Using the momentum relation p ′ = m′v′ and the differential

dEα m′v′dv′ + v′2 dm′ .
dp ′ m′dv′ + v′dm′ will lead to=
=
Using Equation (1) of the velocity projection value v′ on the x axis:
v
c sin α
v′ =
will lead to v′ =
.
cos α
cos α
c
dα and the differential of the mass
Using the differential dv′ =
cos 2 α
m′ = m0 cos α is dm′ = −m0 sin α dα will lead to the calculation of the energy
differential dEα m0 cosα
=

c sin α c
c 2 sin 2 α
m0 sin α dα : Finally, usd
α
−
cos α cos 2 α
cos 2 α

ing a trigonometric identity leads to dEα = m0 c 2 sin α dα .
Since the energy angle needed to bring the body to the speed of light is
α = π 2 , the calculation of the energy needed to bring the mass to the speed of
light is:
Eα = π 2
=

π 2

m0 c sin α dα
∫=
2

m0 c 2

0

3.1.7. One-Dimensional Elastic Collision
Attention is now focused on calculating a completely elastic collision in accordance with our model. The coefficient of restitution is equal to 1, meaning that
there is no energy loss as a result of the collision. The momentum calculation is
based on the equation:

m1C1 + m2 C 2 =m1C1′ + m2 C 2′

(16)

wherein C1 and C 2 are the self-speed of light vectors of the two bodies before
the collision and C1′ and C 2′ are the self-speed light vectors of the two bodies
after the collision.
Inserting the value of the self-speed of light vectors C = c ⋅ cos α ⋅ tˆ + c ⋅ sin α ⋅ xˆ
in this formula will give:

m1 sin α1 + m2 sin α 2 =m1 sin α1′ + m2 sin α 2′
m1 cos α1 + m2 cos α 2 =m1 cos α1′ + m2 cos α 2′

(17)

The top equation in this pair of equations is the momentum formula known
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in classical physics as m1v1 + m2 v2 =m1v1′ + m2 v2′ , while the second equation is the
momentum equation in the time axis. The self-time energies of the two bodies
before and after the collision will be Est1 + Est 2 = Est′ 1 + Est′ 2 , so that:
m1 cos α1 + m2 cos α 2 =m1 cos α1′ + m2 cos α 2′ is obtained, which is the same
equation obtained in the last pair of equations. The same formula will be derived
from the state kinetic energy conservation law Eα1 + Eα 2 = Eα′1′ + Eα′ 2′ (wherein
=
Eα m0 c 2 (1 − cos α ) ).
3.1.8. Plastic Collision
Attention is now referred to the calculation of a plastic collision, in which two
bodies collide and merge into one body. The momentum conservation law will
be here according to the following equation:

m1C1 + m2 C 2 =
m3C3

(18)

wherein C 2 and C 2 are the self-speed light vectors of the two bodies before
the collision and C3 is the self-speed light vector of the body with mass m3
after the collision. Inserting the self-speed light vector value will lead to the following pair of formulas:

m1 sin α1 + m2 sin α 2 =
m3 sin α 3

(19)

m1 cos α1 + m2 cos α 2 =
m3 cos α 3

The loss of energy m1c 2 + m2 c 2 > m3 c 2 is part of the mass of the two bodies,
the mass m3 will always be smaller than the sum of the two masses m1 and
m2 and the difference between them is ∆m :

m1 + m=
m3 + ∆m
2

∆m=



( m1 + m2 ) 1 −



Using formulas lim (1 − x )
x →0
for small speeds to the result:

0.5

=
∆m

1−

4m1m2

( m1 + m2 )

(20)

α1 + α 2 

sin 2
2

2





(21)

= lim (1 − 0.5 x ) and lim sin α = lim a will lead
x →0

α →0

m1m2
2
( sin α1 − sin α 2 )
2 ( m1 + m2 )

α →0

(22)

and the loss of energy at small speeds will be:

mm
2
∆E =∆mc 2 = 1 2 ( v1 − v2 )
2 ( m1 + m2 )

(23)

This is the same result known from classical physics, in a plastic collision, i.e.
the loss of energy as a result of the plastic collision ∆E is equal to the value of
the energy loss of mass difference m due to collision ∆E =∆mc 2 .

3.2. Solving Problems According to the Model
In this sub-section, it will be shown how this new theory can be applied to solving complicated and difficult current problems in physics, based on this model,
which are simpler and easier solutions to understand. Problems as examples inDOI: 10.4236/jmp.2019.107057
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clude the Twin Paradox. The expansion of the universe in acceleration and a
black hole, which we will explain in the next chapter.
3.2.1. The Twin Paradox
Figure 12 describes a solution to the Twin Paradox in a simple way, by showing
the speed of the moving frame in space-time, in two directions. By placing the
0 (the traveling brother remains at the origin of the axes of the
value ∆x′ =
moving frame) from the equations of Lorentz’s transformation obtained in Equation (6), the time difference between the two frames is:
 1
∆x  1 
∆T = 2∆t 1 −  = 2 1 −  . The reference frame is of the brother who is left
v  γ
 γ
 π
behind, whose self-speed light vector is C1 =  c,  . As soon as the twins sepa 2
 π

rate, the self-speed light vector of the moving frame is =
C 2 F  c, − α  , there 2

fore the speed of the moving frame in space-time calculated by Equation (8) is:


α  α 
VaxF = C 2 F − C1 =  2c sin   , −  . When the traveling twin returns, at the
2 2

same speed but in the opposite direction, the self-speed light vector is
 π

=
C 2 B  c, + α  , therefore the velocity of the frame in space is
 2


α
α 
VaxB = C 2 B − C1 =  2c sin   , π +  . Using trigonometric identities
2
2


α

α

= sin α and 2sin 2

α

= 1 − cos α will lead to the value of time dif2
2
2
ference ∆T by placing it in Equation (3):
2 cos

sin

=
∆T 2

∆x
∆x  1 
α ) 2 1 − 
(1 − cos=
v
v  γ

(24)

Theoretically, we obtain:
∆x
∆x
π
∆T < 2
for 0 < α < , when 2
is the time which the stationary twin
v
v
2
∆x
π
observes. ∆T > 2
for
< α < π , so that the traveling twin seems to be
v
2
coming back before the beginning of the trip, i.e. movement back in time.

Figure 12. Solving the Twin Paradox by showing the velocity
of the frame moving in space-time in two directions, we obtain
that the returning twin is younger with a difference of ∆T .
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Figure 13 describes the motion of the moving twin relative to his twin brother
in the axial frame (using ICF). The ct axis is at an angle +α relative to the
ct ′ axis on the way forth, compared to the way back, when the angle is −α .
Here as well, we obtain the same time difference between the two frames.

Figure 13. The movement of the traveling brother relative to his twin brother.

4. Discussion and Conclusions
4.1. Comparison with Previous Studies
Many researchers have examined the issue of negative mass, already in 1951, as
part of the Gravity Research Foundation. The possibility of negative mass was
tested, and how it would behave under gravitational and also other forces [7]. In
2017, researchers at the University of Washington created an inert experimental
negative mass by refrigeration of rubidium atoms with lasers, although this was
not an entirely real negative mass [8]. In fact, no research has succeeded yet in
practice, neither in experiments nor by adequate formulas, to realize or prove
the existence of negative mass. The theory here opens thus a door to a new and
complete world in physics which will change the laws of physics by showing how
a negative mass can be described using the principles of special relativity.

4.2. Summary
It can be seen that the current study provides a solution to a physics problem
which encountered nowadays, i.e., that a real body cannot have a negative mass,
nor move in a negative space-time. The theory here presents a model which predicts its achievement. Since the model includes a body of a negative mass, forces
of repulsion are created between the bodies, and the possibility of creating bodies with negative mass, rejection forces and negative time, which is actually a
returning to the past, opens up possibilities and implications in the fields of
DOI: 10.4236/jmp.2019.107057
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technology, starting from solving problems, and equations in science, as can be
seen in the above description, leading to new inventions of products and
processes in many industrial fields. The main results and conclusions are:
1) Each body or particle moves at the speed of light in the fourth dimension,
which is the time axis. Each body has a self-speed of light vector of the stationary

reference frame C = ( c, 0, 0, 0 ) in the fourth dimension, and a self-speed light
vector of the moving Euclidean frame C ′ = ( vt′, vx′ , v′y , vz′ ) . The body has an
energy angle a between the two self-speed light vectors of the stationary reference frame and the moving Euclidean frame. When the energy angle is bigger
than π 2 , the body mass is negative with negative self-time, and a return to the
past becomes possible.
2) Repulsion gravitational forces between bodies, besides the regular attraction forces, can be seen.
3) When the body speed increases, its effective mass decreases.
4) The model solves the Twin Paradox in a simple and easy to understand
way.
5) The model describes a method for calculating the amount of energy required to bring a body from a rest state to the speed of light.

6) The model describes a way to calculate energy and momentum, such that in
the case of a completely elastic collision, there is no loss of energy as a result of
the collision.
7) In the case of a plastic collision, it gives that the energy losses are part of the
mass of the two unified bodies.
8) When the energy angle α is equal to π 2 , the speed of the moving body
reaches the speed of light and the state kinetic energy is equal to m0 c 2 . With
greater energy input, the body speed will decrease until the energy angle α
reaches π , then the body will be at rest with state kinetic energy of 2m0 c 2 and
self-time energy

( −m c ) .
2

0

The continuation of this study:
9) This model may provide an explanation of how the universe is accelerating
and expanding and will avoid the need of the assumption of existence of the
dark matter and energy in cosmology.
10) The model may describe the black hole equations in a simpler way.
11) The model may provide more precise formulas even for general relativity.
12) The model will aid research on what happens in quantum physics, and
may explain, for example the Heisenberg’s uncertainty principle.
Future studies may continue to develop the equations presented in this new
model, and may provide experimentally creation of negative mass.
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