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ABSTRACT

While the relationship between mass and energy is well-established, in classical and
relativistic frameworks, the dynamic interaction between mass, energy, and time has not
been fully explored. This study examines how the introduction of time into mass-energy
interaction influences the behavior of mass, proposing a new framework in which mass is
considered not a static quantity but a dynamic entity that interacts with energy and time.
Furthermore, it explores whether under certain conditions, the efficient utilization of energy
could theoretically allow for travel at speeds potentially exceeding that of light. This paper
extends the conceptualization of energy by considering mass not as a static entity but as a
dynamic quantity. It explores how mass distributes received energy and its behavior under
various values of energy and time. The investigation begins with the fundamental form of
mass, specifically the point energy mass, which is influenced by both energy and time. The
study then expands to encompass larger and more complex forms of mass, analyzing the
generalized effects of energy and time on their behavior. Additionally, the study examines the
roles of space and speed in relation to energy and time, incorporating in the investigation
fundamental equations of relativity, including Lorentz transformation and mass energy
equivalence. The findings suggest the possibility of mass traveling at speeds that would be
considered as limited until now, by setting appropriate mass factors.
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| INTRODUCTION

This study investigates energy distribution equations and models within mass structures and the
behavioral transformations exhibited by mass following energy absorption, which explain the
relation of mass with energy and time which is missing from current framework. The research
extends beyond prior studies by employing a dynamic approach to analyze mass, tracking its
temporal evolution from initial energy configurations to bigger and complex forms of mass.

However, previous models are used to investigate relation with the limitations that these models
apply, such as the speed limit a mass can travel.

The methodological framework commences with an examination of how point energy mass
responds to energy while evolving over time. Traditional energy expressions reveal limitations
when mass is held constant, with spatial changes considered solely as time-dependent functions.
This framework challenges these traditional conceptualizations by exploring energy distribution
to mass, thereby enabling a comprehensive study of resultant mass behaviors.

© 2025 Great Britain Journals Press Volume 25 | Issue 8 | Compilation 1.0



London Journal of Research in Science: Natural & Formal

This expanded perspective on energy distribution results in differential equations that incorporate
energy, time, space, and mass. Solutions to these equations uncover fundamental connections
between space and speed and energy and time offering insights into potential mass transit at
speeds, possibly, higher than light, initially being considered at theoretical level. Two- and three-

dimensional visualizations depict individual variable changes against energy and time durations,
illustrating their combined effects.

. METHODOLOGY

There are two ways to approach the relation between energy and mass. The one is the
classical that combines various expressions of energy, including potential energy and kinetic
energy, whereas the second approach is the relativistic one.

Starting the investigation with the classical expression, let us consider a mass that is located
at a height h from the surface of earth. The potential energy at this height is calculated as:

E,=m-g-h ¢
where g is the gravitational field strength and h is the measure of height h.

If the mass is let it moves towards the ground and the potential energy is transformed to
kinetic energy. Just before touching the ground the kinetic energy of the mass is calculated as:

1 512
Ex = Em-lul (2)

Where |u| is the magnitude of the speed © of mass just before touching the ground and is calculated as:

lul=2-9g-h 3)

At any position n the energy of mass is:
1 7 12
Enp = gm-[up|”+ m-g-hy (4)

As it is widely known, if the gravitational field strength g is dimensionally analysed, it is

(kg)
(s%)

the gravity constant would imply the second derivative of mass. This makes one wonder if there

measured in units g = (5) . If the term f; = % (6) is considered as second derivative, then

could be another way to express mass so that the term f; has a logical meaning.

The energy of a mass is measured in Joule (J), the dimensional analysis of which is: | =

(kg) - (m?) - % [1],[2], [3], [4] (7). In this case it can be considered that the energy a mass holds

is expressed by the contribution of the space squared, the mass, and the reverse time squared. The

existence of reverse time can be considered a differentiation of a quantity over time.
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2.1. analysis of the model

In general, when studying energy, it is considered that the differentiation over time applies
only to space. However, it has been proven [5] that mass is also time-dependent, and the generic
expression of point energy mass (pem) in such a case is:

m(s, s, t) = Yo gei(e(t)+e(€)—9(§)+(p)
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®
so that:
Ho,g = gsgtgé ©)
and
1 A A 2 ! !
o= [+ (Cht+ G2 — 2 (Gt + Chcos(o(t — 1), 50| 2 0 (10)
2 . [od
ge = —sin (E (e— 81)> (11)
and 0(¢g) = %(8 +¢&) (12)
! e 1
gt =g = - - - (13)
\[ckz + (Ak-s +24,)% — 2c Ak - S + ) cos(k - (S —Sp))
sin(wt) — w?(Cit + C4) sin(wt
tan@(t) = (wt) ( - ?) CLY (14)
cos(wt) — w?(Cit + C}) cos(wty)
Also: a
0(e) = 3 (e+¢) (15)
R —c.sin(k-3) +A(k-5 +c;)sin(k-3
tanf(s) = — (A A) (A = }‘) (A AO) (16)
—Cy cos(k : s) + A(k s+ C;\) Cos(k : SO)
Another expression of mass that derives from the analysis of the factor g; is:
m(e,5,0) = [ualeea — [jugleioss an
considering:
. RR . (a
lna(®] = Hoe = stm E(E —&) |20 (18)
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and

- T2 19
cpuA—u)t—k-s—E(sl+s)+cp (19)
Also:
K> [« , , (20)
lug(e)| = stm E(s —&) |w?(Cit+C5) =0
and
P, = ot —§-§—E(£ +e)+ o (21)
UB 1 2 1
In other words:
m(& §' t) — MOlgei(mt—k-§+5(.¢_1+£)+(p) o Swz(clt+ CZ) (mtl —ks+2 (81+E)+(p) (22)

If the quantities of space and energy contained are considered constants, the mass can be

expressed as time-dependent as follows:
m(t) — qui(wH—e) _ (1)2 HO(Cit + Cé)ei(wt1+9) (23)

whereas the generic format, as expressed in equation (1), considering only the time as the variable,

iS:

m(t) = po el O+ (24)

Considering the dimensional analysis of Joule (J ) the competition of time is expressed as

ft:( ()()

the expression of mass developed in relations (8) and (23), the differentiation over time can apply

(25), which can also be expressed as f; = (26). If this approach is combined with

not only to the quantity of space but also to the quantity of mass. Then, starting through the

dimensional analysis, the Joule expression can be expressed as follows:

_(kg) (kg) (m?) (m?)
+ (k) -3 (27)
(Y o ® (s?)
which, in terms of the respective quantities, is expressed on one axis as:
d*m dm dx? d?x?
_ O el (28)
a2 ¥ T a o Y™ ae
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or, in a simpler expression:
E=m-x?+m-x%2+m-x?

Going further and implementing the differentiation on the core term, i.e., F(m, x2)=m - x2

[6],[71,8], [9], the result is:

d? d?>m dm _ dx L d?% dz\°
dt? dt dt dt?

W(m-fz): X4 — X —+2'm X —+2-m-"
Then, the energy provided to the mass is expressed as [6],[7],[8],[9]:

= X244 —x — 2 M —F2-m-
atz * at " de e m

d*m dm _ dx L d%% <d9?>2
E
dt

which, in a simpler format, is expressed as [6],[7],[8], [9]:
E = mx? + 4mx - (x) + 2m# - (x) + 2m(x)?

The derivatives of mass based on relation (23) are [10],[11], [12,][13]:

dm d . , N
& — e (uoel(mt+9) _ ‘DZIJ-o(C1t+ Cz)el(mt1+9))
or
dm = i(wt+6) 2,1 (7 a0t +6)
a =m = ioyge — w“pyCyelt®h

The second derivative is calculated as:

% _ %(iwuoei(mﬁe) — w2y el(©t+0))
or
dm .
F =1 = _mzuoel(wt+9)

(29)

(30)

(31D

(32)

(33)

(34)

(35)

(36)

(37)

The implementation of the mass differentiation, basis relations (34) up to (37) on equation (33)

provides:

E = (_mz p_Oei(u)t+6))§2 + 4(imu0ei(“’t+9) _ mzuolsciei(wt1+9))§ . (i) + zuo(ei(wt+6) _

w?(Cit + Cp)elCu M (X - (X) + (¥)?)

(38)

Since mass is composed of two terms, [y and pg, it can be considered that the energy can

be distributed to these two terms and can be split to E, and Eg so that each energy term can be

assigned to each mass term. Then it is:
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Ep = —w2pyel@H0%2 4 4jpp, el (@03 . (?) + Zuoei(‘””e)((i- (3?) + (ﬁ)z) (39)
and
Eg = —4w?p,Ciel@ut®)x. (’b — 202 (Cit + C5)el@u*®y((x - (ﬁ) + (i)z) (40)

In the case that two or more masses are added for the creation of a bigger one, the new mass is:

mr = mOTei(pT (41)
so that:
n n-—1 n
mor = |my| = Zﬂcz),i +2 Z Z Ho.iko,jcos(8; — 6;) 42)
i=1 i=1 j=i+1
and

_ Y sin(wit) — Xy (1)1'2(6’1,115 + C’z,i)Sin(a)ifLi)

tangr = p p (43)
ncos(wit) — X, w?(C'y,t + C'yp)cos(wity )

In which n € N is the total number of masses that contribute to creating the bigger mass and 1 <
i<nand1<j<n.

In such a case, equation (26) becomes:
E = 1ivp%? + 4mpx - (%) + 2mp((X - (%) + (%)?) (44)

Equation (45) is an expanded expression of the energy of a mass at a random position x and
includes all possible forms of energy of the mass at that position, e.g. kinetic energy, potential

energy and forms of energy that are associated with the time-dependent format of mass.

In the case that the mass is considered as a solid object it is:

Then equation (44) turns into:

E = 2ms% - (%) + 2mp ()2 (46)

which of the same format as equation (4).

2.2 Relativistic Approach

The relativity has been developed in order to expand and complete the Newtonia mechanics as there
were a number of issues that could be explained by them [14], [15], [16]. In order to make the

investigation complete in context, since this paper refers to the quantities of energy, mass, space

A Dynamic Framework for Mass-Energy Interaction: Exploring the Role of Time and Relativity
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and time, it is of paramount importance. to include relativistic equations, taking the total energy of
amass as [17], [18], [19]:

E = ymyc? 47)
so that:
1
Y= —— (48)
U2
-z

where u is the speed of the mass and c is the speed of light.
In this case both the simple format of cem as well the generic format are investigated.

Considering that (47) expresses the total energy of the mass, it can be combined with (39), (40)
and (44) and provide the modified equations. In this respect equation (39) is:

Ex = —0%1oel @02 4 4ipeel @05 - (x) + 2p1,e! @O (% () + (%)?) (49)
or
Kaymoc? = —0?pel @032 4 4iwp,el@H0% - (%) + 2poel @O ((x - (3?) + (i)z) (50)
Whereas equation (33) becomes:
Ep = —4w’uoCie @ NX - () — 201 (Cit + Ce @) (@ 0 + @) (51)
or
kgymoc? = —40?poCiel @)z - (%) — 202 (Cit + @) (& - (%) + ¥)?) (52)

Finally, equation (45) becomes:

E = tigi? + dmmpx - (%) + 2mp((% - (X) + (X)?) (53)
or

considering the total energy of the mass is calculated as per the relativistic approach.

. RESULTS

When the solutions of equations (39) and (40), derived from the mathematical process, are
applied for a single axis x;x;’ (so that i=1 or 2 or 3 in the case of a 3-dimensional Euclidian space),

the general results remain unaltered.
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3.1 Analysis of the Results basis the Expanded Energy Modal
The solution of equation (39) provides:

A. Space:

The solution of the differential equation of the real part provides:

\/— E—Acos(wt + 0) + kwe®t + k,w?e~ 0t
0

Xire(t) = £ N (55)
where:
Ea _
—u—ocos(wt+e) + kywe®t + k,w?e @t >0 (56)
and
w*0 (57)
The solution of the differential equation of the imaginary part provides:
\/E—‘g cos(wt + 8) + kyw?
Xim(t) = N (58)
where:
Ep
u—ocos(wt +0)+k;w? =0 (59)
and
w*0
B. Speed:

The differentiation of the relations (55) and (58) yields the speed, which, for equation (55), is

calculated as:

e‘mt(ﬁ—g‘ sin(wt + 8)e®t + w(k,e??t — k,w))

(60)

Xi,Re(t) =+
LN ot 2a—wt
24/2 —u—cos(oot+ 0) + kywe®t + k,w?e
0

with the restriction:

Ea t 2,0t
—u—cos(oot+ 0) + kiwe® + ke ™ >0 (61)
0
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whereas the differentiation of equation (58) provides:

E,
™ sin(wt + 0) (62)

JE—A cos(wt + 0) + kyw?
0

xi,lm (t) =+

where the restriction that applies is:

Ea 5
—cos(wt+0) + kzw* >0 (63)
Ho

Additionally, the equations that are derived from (58) are:
A. Space:

XiRe ®

2w2py

. C'1,[(CTt+C'3)

The restrictions that apply are:

J— Eg cos(wty + 8)(C'5t2 + C'1C' 5t + C'5) + kyC'y + 2ksC'3(C'5t + C'3) (64)

- wau cos(wty +0)(C'5t% + C'1C' 5t + C'5) + kyC'y + 2ksC'3(C' 2t +C'5) 2 0 (65)
0
and
C'it+C',>0andC'y #0 (66)
B. Speed:
Xi,Re(t)

London Journal of Research in Science: Natural & Formal

C'y (io cos(wt; + O)(C’ t + C'2)> + kg

_ 202
=F — oF (67)
2(C't + C'Z))i\[— 20)28“ cos(wty + 8)(C'5t2 + C'1C' 5t + C'5) + C'1 (2ksC'1 (C'1t + C'3) + ky)
0
where the restrictions for this case are:
- ZwEu cos(wty +0)(C'3t? + C'1C' 3t + C'5) + C'1(2ksC'1(C'1t + C'3) + ky) > 0 (68)
0

or
C'it+C',>0

Equation (40) provides solutions only from the real part, while the solutions derived from
the imaginary part of equation (40) define a point or set of points where this relation applies. These

can be expressed as follows:

A Dynamic Framework for Mass-Energy Interaction: Exploring the Role of Time and Relativity
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69
l.incasea)iO,thentl:’;—n—%, nez (69)

2.1in case w = 0, then t; = nm, neZ, which is not the case since it is desired that w # 0 (70)

To combine equations with (56) and (51) with (59), it is considered that:

E =Ej, +Ep (71)
It can be set:
Ep = kzE (72)
and
By = (1— kp)E 73)
so that the factor kg:
krel01]cR 74

expresses how energy is distributed between the two parts of mass.
In addition, the quantity E expresses the total energy supplied to the mass.

The combination of equations (71) up to (74) with (55), (58), (52), (54), (56) and (59) provide the

following results:

Space: The solution of the real part provides two terms, each affecting the change of space
depending on the time and energy supplied to the mass. In this respect, the equation that expresses
the space is the sum of both terms on each axis. Taking into consideration the equations (54) and
(66) in combination with (62) and (63), the expressions of space are derived as follows:

For the real part:

Xi Re (E, t)

\/—kE—Ecos(mt + 0) + kywe®t + k,w?e~ ot
+ Ho

=4 T
_ (1 - kE)E 1242 /BNl 12 ’ 12001 1
T cos(oty +0)(C'5t2 + C'1C'yt + C'5) + kyC'y + 2ksC'5(C'5t + C'5)
0

N (75)
\[c'f(c'lt +C'y)

For the imaginary part:
\/kE—E cos(wt + 0) + kyw? 76)

X im (E 1) = £+
l,Im( ) \/zu)
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Speed: The solution of the real part provides two terms, each depending on time and energy. In this
respect, the equations that express speed are the sum of both terms on each axis. Taking into

consideration the equations (63) and (66), in combination with (61) and (72), the expressions of

speed yielded as follows:
Real part:

Xi,Re (t)

kE—Esin(oot + 0) + kywe®t — k,w?e™®t
-+ Mo

Zﬁ\/—IE—Ecos(wt +0) + k;we®t + k,w?e~ 0t
0

', (“{#cos(wtl +O)(C' t +2C",) + k4)
T (77)

+
2(C' r 3 (1_kE)E 12,2 ’ ’ 12 r r ’ ’
(C'1t+C'))2 ot cos(oty +0)(C'Tt2 + C'1C"yt + C'5) + C'1(2ksC'1(C'1t + C'y) + ky)

Imaginary part:

kS—Esin(wt +0)
Xim(t) =+ — 2 (78)
ZJuLcos(mt +0) + kyw?
0

The mathematical process for the solution of equation (44) is more complicated, and

various solutions have been proposed. One of the solutions proposed considers 8 = p;t + p,.

Again, for the solution of this equation, it is assumed that the use of a single axis does not affect

London Journal of Research in Science: Natural & Formal

the generality of the results; in this case, the study focuses on the axis x;x;’. The equations that

express space are:

Real part:

\[— mLCOS(Plt +p2) + p3p,ePrt + pypZePit
oT

i,Re f_zpl
where the applicable restrictions are:
E t 2,-Dit
———cos(pyt + py) + p3prePrt + pyple Pt >0 (80)

oT

and
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p1 #0 (81)

Imaginary part:

E
J—mOT cos(pyt + pz) + psp,?
X m(t) =+
i,Im ﬁpl (82)

where the restrictions are:

E
R 2
mor cos(pit +p2) +psp1” 20 (83)

and

pr#0
The equations of speed that are produced from the equation (82) is:

E .
_ m—51n(p1t +p2)
Xim(t) =+ o (84)

E
2\/—m cos(pst + pz) + psp,?
oT

having as restriction:

E
——cos(p1t + pz) + psp12 >0 (85)
Mot

Whereas the speed that is produced from equation (79) is:

E _
——sin(pst + p;) + psprePrt — pypie Pt
oT (86)

J‘Ci,Re(t) =+
E t 2,—pyt
22 | == cos(pyt + pp) + papiePt + paple

The applicable restriction is:
(87)

E
———cos(p1t +p,) + p3prePrt + pypfe Pt > 0
mOT

The equations (75), (76), (77), (78), as well as (79), (82), (84) and (86), are represented by the

figures below, using energy and time as parameters.
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Figure 1: Graphical representation of real part Figure 2 Graphical representation of
of space dependent on energy based on imaginary part of space dependent on energy
equation (75) based on equation (76)
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Figure 3 Graphical representation of real part ~Figure 4: Graphical representatiqn of imaginary
of space dependent on time, based on equation Part of space dependent on time, based on
(75) equation (76)
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Figure 6. Graphical representation of imaginary
part of speed dependent on energy based on

equation (78)

Figure 5. Graphical representation of the real
part of speed dependent on energy based on
equation (77)

5 | |
/
] A i) AN Y TN T2

Figure 8: Graphical representation of imaginary
part of speed dependent on time, based on
equation (78)

Figure 7: Graphical representation of the real
part of speed dependent on time, based on

equation (77)
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In addition to the above, the results of the generic equations are presented here below:

Figure 9. Graphical representation of generic

real part of space dependent on time, based on
equation (79)

Figure 10: Graphical representation of generic

imaginary part of space dependent on time,
based on equation (82)

T ftx)

0

Figure 11" Graphical representation of generic ~ Figure 12 Graphical representation of generic
real part of space dependent on energy based imaginary part of space dependent on energy
on equation (79) based on equation (82)
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=

Figure 13: Graphical representation of generic Figure 14 Graphical representation of generic
real part.of speed dependent on time, based imaginary part of speed dependent on time,
on equation (86) based on equation (84)

T #ix)

40+

Figure 15: Graphical representation of generic Figure 16:Graphical representation of generic
real part of speed dependent on energy based imaginary part of speed dependent on energy
on equation (86) based on equation (84)
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The equations developed reveal that space and speed are interconnected with both energy
and time. To investigate how space and speed change simultaneously with respect to energy and
time, the following three-dimensional graphs have been developed, assigning energy to the x-axis
and time to the y-axis. In all these graphs, time has been considered to be equal to or greater than
zero (t = 0) based on the causational law.

Figure 17: 3-dimensional - representation of Figure 18: 3-dimensional representation of
equation (76) equation (78)

London Journal of Research in Science: Natural & Formal

Figure 19: 3-dimensional representation of Figure 20: 3-dimensional representation of
equation (75) equation (77)
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Representation of the generic equations on three dimensions:

Figure 21: 3-dimensional representation of  Figure 22 3-dimensional representation of
equation (82) equation (84)
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Figure 23: 3-dimensional representation of Figure 24: 3-dimensional representation of
equation (79) equation (86)
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The analysis of the constraints that are described in equations (56), (59), (57), (61), (63),
(65), (66), and (68) applies to the pem, whereas for a formed mass the relevant equations include
(80), (81), (83), (86) and (87). The equations that satisfy all the constraints are equations (61), (63),
(68) and (87). The following figures represent equations (61), (63) and (68).

Figure 25: E-t plane that equation (61) is valid

London Journal of Research in Science: Natural & Formal

Figure 26: E-t plane that equation (63) is valid
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Figure 27: E-t plane that equation (68) is valid

The areas presented in these graphs indicate the areas where the equations yield real
solutions. However, special emphasis must be given to the boundary lines separating the areas
where equations are valid (red-colored areas) from those where the equations are invalid (blue-
colored areas). The pairs of values of energy and time on these boundary lines correspond to points
where denominators attain the level of zero, leading the equations that express speed to incline
towards infinity. As is expected, if mass reaches the limit values of these constraints, it can
maximize the speed and consequently minimize the space.

20

Figure 28: Representation of equation (88) speed vs energy
Equation (50) by the use of equation (72) turns into:
kpyc? = —02el@H 0y 4 4iel@F Dy, - (%) + 22l @O (x; - (%) + (x)?) (89)
or

kpyc?elC@H0) = 252 4 dicx; - () + Z(xl- (X)) + (x'l)z) (90)
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If the parameter y is considered as a constant dependent on speed then (90) turns into:
Real Part:
kgyc2cos(—(wt + 0)) = —w2x? + 2x; - (%) + 2(x,)? (91)

Imaginary Part:
kpyc?sin(—(wt + 0)) = 4wx; - () (92)

In addition, equation (52), with the use of equation (73), turns into:

(1 — kg)yc? = —2w%Ciel@u*Ox, . (%)) — 2w?(Cjt + Ch)el@t+8) (xl- () + (9&1)2) (93)

or

a- kE)YC2

55— elOn) = Gl (1) + (Gt + €5) (- () + (0)?)

(94)

The real and imaginary parts of which are:

Real part:
_%yms(—(wtl +0)) = (chi () + (Cit+ CH)(x; - (%) + (aél)z)) (95)
Imaginary part:
- u;—fj)czysin(—(wtl +0)=0 (96)

Finally, equation (44) turns into:

ye? = (id —92)ePx? + 4idx; - (%,)e™ + 2(x; - (X)) + (x)?)e™ (97)
or
yeZ et = (i — 92)x? + 4idx; - (%) + 2(x; - (£) + (x,)?) (98)
provided that:
me = my (99)
or
My = ge818s (100)

Equation (94) is separated to real and imaginary parts as follows:

Real Part:

yc? cos(—9) = —9%x? + 2x; - (%) + 2(x,)? (101)
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Imaginary Part:
yc? sin(—9) = 9x? + 49x; - (%) (102)

In all equations of this section the common characteristic is the lack of energy and mass from any
part. This means that the solution of the differential equations relates space with time.

considering my = p, and that the calculations are carried out on axis i.

The solution of the equations (83), (84) and (95) are as follows:

3
2C =cos(wt + 0) + k;we®t + k,w2e~ @t

j e E e
V2w

Xire(E,0) = & (103)

For the imaginary part:

c3
jkEﬁ cos(wt + 0) + kzw?
V2w

Xim W, t) = £ (104)

Xi,Re (u' t)

— 3
j— A—kg) _c = cos(wty + 8)(C'3t2 + C'1C' 5t + C'5) + koC'y + 2ksC'3(C'5t + C'3)
u

2w? ez —
' J(CTE+C

=+

(105)

The combination of the equations (103) and (105) provide:

Xi,Re (u, t)

P S wt 2 -0t
\/ kEmcos(wt+6)+k1we + k,w?e

=+

V2w

— 3
j— (A—kg) _c = cos(wt; + 0)(C'3t2 4 C'1C' 5t + C'3) + kyC'y + 2ksC'3(C' 3t + C'5)

207 ez —y
' JCt+ 7y

n (106)
Which expresses the real part of space connected to time and speed, considering y as:

C

Y E—= (107)

The solution of (97) and (98), provide the following solutions:
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3
\/_ \/ﬁcos(l’lt + ;) + p3prePrt + pypie Pt
V2p;

Xi,Re(ul t) = i

and

C3
\/ﬁ cos(pit + p2) + psps?
\/ipl

Xim (U, 1) = + (109)

considering: 9 = p;t + p,

It is noticed that in equations (103), (104) and (105) the time and space are connected directly
without the use of energy or mass, but this is expected since the total energy of the mass has been

replaced by the equation (47).

V. DISCUSSION

The equations that have been developed so far indicate that space and speed are functions
of energy and time. The behavior of space and speed are analyzed in a mathematical way, producing
corresponding equation, followed by a comparison of the dependence on energy, since the
equations developed indicate a direct relation between these three quantities. Equations deriving

from the relativistic expression of energy are used to carry out a complete investigation that includes
speed.

4.1 Analysis of the Speed Equations

This paragraph examines the equations of speed deriving from equation (38), which is expressed
in the set of complex numbers, starting with those that are described by the imaginary part this
equation. The analysis describes the change and possible limitations of speed related to energy and
compares the equation with the basic expression of speed, as expressed in equation (2), and expands
to the use of the relativistic models and equations.

4.1.1 The Analysis of the Imaginary Part of the Speed Equations

: . o . 1 .
The widely used expression of kinetic energy is Ex = Emuz, so the expression of speed

depending on energy is:
2E;,
=+ [— ,m=#*0 (110)
m

The study of equation (45), depending on energy, reveals a similarity to the equation

fO) = kyJy (111)
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with ky,€R, given a specific value of time. This is the same format that aligns with equation (110).
The difference between (78) and the speed equation (110) lies in the term r; = kyw? and the
trigonometric terms. In the case where the factor k3 is equal to zero, i.e., k3 = 0, it receives the

format as follows:

) kE
x(E) =\/IJ_ cos(wt+ 0) - tan(wt + 6) (112)
0

This format is of the same type as equation (110) or (111), considering a specific value of
time. Another difference between equations (78) and (110) is that equation (110) does not mention

any explicit reference to time, which is why equation (78) is considered more comprehensive.

The restrictions that apply to equation (78) are:

kgE
uicos(u)t+ 0) + ksw? >0 (113)
0

Finally, equation (110) shares structural similarities with (78) and (84), which means that
both (78) and (84) express speed in an expanded way compared to the typical expression of speed,
depending on energy. Notably, both these equations are the results of the solution of the imaginary
components of (38) and (44), respectively. Figure 29 shows the representation of (78), (84), and
(110) in graphical format. The same figure also includes the representation of equation (88) which
represents the change of speed over the relativistic total energy.

4 ]

Figure 29: Graphical presentation of equations (78), (84), (88) and (110)

Black line presents equation (78)
Green line presents equation (84)

Yellow line represents equation (88)

Red line presents equation (100)
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While investigating the potential limitations of speed, it is important to find the limit of

these equations as energy moves to infinity. In such a case, the limit of (78) as energy tends towards

infinity is:
Esin(wt +0)
lim %(t) = lim a (114)
E—>+0o E->+o E
2\/—cos(wt +0) + kzw?
Ko
or

Esin(cot + 9)\/uE cos(wt + 0) + kzw?
lim x(t) = lim — 5 0 = (115)
Eote Eoteo 2 (u— cos(wt + 0) + k3u)2)
0

In addition, the limit of (84) as energy tends towards infinity is:

E .
— t+
Mor sin(p, p2)

e, O = = (116)

E
ZJ—m cos(pit +pz) + psps?
oT

The outcome of this analysis is that, considering only these equations, there is no apparent
limitation for the value of speed, as energy tends to infinity.

On the other hand, a certain combination of values of time and energy may lead the
denominator in these equations to approach zero, i.e.:

E
—1C05(P1t1 +p2) +psp12=0 (117)
Mor

wherein the speed tends to infinity, i.e.
E .
ll_ sm(wt1 + 9)

lim 2 = o0 (118)
E—>Eq E
2\/11_ cos(wty + 0) + kzw?
0

However, this pair of values does not affect the format of equations (78), (84), and (110) expressed
in graphs, as energy tends to infinity.

The use of relativistic mechanics describes the total energy of a mass by the relation (47) whereas
the speed, if calculated from this model, results in equation (110).

Of course, in relativistic mechanics, it is taken axiomatically that the maximum speed a mass can
reach is that of light (¢) which is also objective for all bodies [20], [21], [22].

A Dynamic Framework for Mass-Energy Interaction: Exploring the Role of Time and Relativity

London Journal of Research in Science: Natural & Formal

Volume 25 | Issue 8 | Compilation 1.0



London Journal of Research in Science: Natural & Formal

If we compare the relations (110) and the relation (111) with the relations (782) and (82) which
results from the analysis of the imaginary part of the energy, similarities are observed. The
expression of the speed through the relation (88) shows the limit set by the relative axiom. Although
the equations (78), (84) and (110) show that the speed does not tend to some given value, the axiom

of relativistic mechanics could also apply in the case of the imaginary part of this model.

4.1.2 Analysis of the Real Part of Speed - Differentiation towards other Models

The two models of classical and relativistic physics, consider mass as a given state. The

differentiation of this work lies in the consideration of mass as a dynamic quantity. The result of
this differentiation in combination with the expression of mass through the wide magnitude of
complex numbers allows the expression of velocity with an additional term, shown in the relations
(78) and (84). Therefore, if it is assumed that the limitation of velocity to the speed of light applies

to the expression of the imaginary part in the relations (78) and (84), in the real part this does not
seem to have any effect, as shown in the relations (77) and (79).

Equations (75) and (86), depending on energy, as presented in Figure 1 and Figure 15,

respectively, reveal a value of energy specific for each equation, which, when attained, mass can
travel at infinite speed, given a specific time value. This can be expressed for equation (108) as

follows:

mi sin(pyt; +p,) +pspiePt — pypie Pl
Jlim ;e (£) = lim = = o (119)
l lzﬁ\/— m_OTCOS(pltl +pz) + p3prePils + pypiePita

where t; is a specific time value, and E; is the value of energy that can zero the denominator, and
when the energy approaches this value, then speed tends to infinity. This value can be calculated
as follows:

1
—E ——cos(pyt1 + p2) + psp,ePrt + pypfePitr = 0 (120)
oT

or

ePit1 4 2a—P1ts
E; = myr P3P PaDi ,cos(pit; +py) #0 (121)
cos(pit; +p2)

This expression could lead to an investigation of the way in which energy could be distributed in
the mass so that it moves at a speed, possibly, greater than that of light. An example is the division
of total energy into energy and exergy. Also, in many systems there is active and inactive power.
Correspondingly, further research could be done on something similar.

Another important outcome comes from the combination of equations (77) with (78) and
(88) or (84) with (86) and (88). The combination of equations (84), (86) and (88) is presented in

Figure 30, suggesting that given the similarity of (78) to (110), the mass would typically move
according to equation (78) under standard conditions. However, if the mass factors are modified,
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mass can move from equation (84) to equation (86), which means that mass can start traveling in
the way already known but, with the appropriate values of factors, can move to equation (86) line
and when to receive the required amount of energy, travel at infinite speed. In addition, even
considering the movement of a mass based on (88) again, it can be concluded that, if the factors of

mass are correctly selected, then mass can move to the line of equation (86) and travel with infinite
speed.

Figure 30: Graphing representation of equations (84) (green line), (86) (purple line) and (88)
(yellow line)

In addition, if this combination of energy and time is inserted into equations (77) and (86),
space collapses to zero. This is made apparent in the combination of Figure 1 and Figure 6, as well
as Figure 13 and Figure 17. The interpretation of this combination of energy and time is that when
mass receives a critical amount of energy, it can travel with infinite speed, minimizing space to
zero. This condition is done at a specific value of energy which is common for speed and space, as
presented in Figure 31.

n

40
3 ] a0

4
-

-4 -0 E

Figure 31: Representation of equation (75) of space and (77) of speed in the same plane
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4.2 Analysis of Equations Comparing to Time Parameter

The comparison of the equations (104) and (106) with equation (75) and (76) of the pem as well as
the equations (108) and (109) with equations (79) and (82) of the generic model it is noticed that
the results are similar in relation to time. Furthermore, the same outcome results from the
comparison of the graphs that are produced from these equations. The equations (77), (78), (79)

and (84) that express speed, are produced only for the equations of the expanded energy model.

This result is expected since the factors that are included in the equations derive from the equation:

E 2
m_o =Yc (122)

Equation (73) that expresses space can be expressed in another format, i.e.:

E  pi®(2x}m = ps)

= (123)
mor  cos(pt +p2)
The implementation of equation (122) to equation (123) turns the latter to:
2(9,2  _
o2 = P1 (in,lm Ps) (124)

cos(p;t + p,)

which relation indicates a relation between space and time. Similar equations can be developed for
all other expressions of space. This ascertainment proves that indeed there is a relation between

space and time with energy.

Graphs obtained from imaginary components of pem and generic mass equations appear

as trigonometric patterns. The graphical results from equations (77) and (82) demonstrate distinct
variations which stem from their differing parameters. The speed equations obtained from the

imaginary components of mathematics such as equations (67) and (84) present trigonometric

behavior patterns. Equation (84) produces a complex graph through its multiple discontinuities that
occur within brief intervals. The sophisticated nature of the created mass structure becomes

apparent through this complexity.

Three-dimensional graphs generated from equations (75), (76), (77), and (78) for pem, as
well as (79), (82), (84), and (86) for generic mass, illustrate changes in space or speed as functions
of two variables: energy (E) on the x-axis and time (t) on the y-axis. The 3D graphs combine
elements from two-dimensional energy-time plots to display information. The graph in Figure 24
presents speed changes alongside energy and time variations where speed rises with advancing
energy and time. Equation (86) becomes invalid for specific pairings between energy and time since

void regions emerge in the graph.
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A comparison between pairs of pem and generic mass equations shows matching
characteristics in their graphs. Equations (78) and (84) show equivalent behavior patterns through
their appearance of space spikes at distinctive energy-time points. Equation (86) provides more

continuous spatial outputs because the formed rigid mass structure hinders quick changes during
energy and time operation. The graphical data in Figures 22 and 26 demonstrates that speed

improves steadily as energy and time enlarge. The system shows undefined output regions when

operating at low energy alongside low time values, yet these areas display unique patterns between
pem and generic mass behavior. When chosen energy-time pairs are inserted into the mathematical
equations, they produce results that lead to infinite speed.

4.3 Analysis of Space Equations in Relation to Factor .

The comparison of equations (104) and (106) for pem, as well as (108) and (109) for the generic
model, indicates a similarity with the equations (75) and (76) and also (79) and (82) that describe
space with the expanded energy model. The difference between the two models is the use of the

factor 1; = yc? , which can be considered as a consequence of the equation (123).

On the other hand, the use of the y factor, produces results that do not actually deviate from the
initial relativistic expression of space. Taking as example equations (108) and (109), they can be

expressed as:

J—cos(pit + py) + p3prePrt + pyplePit
Xi ro(t) = % 1 2 3P1 4P1 (125)
u? \/fpl
1-=
c
and
1 cos(pit +py) + 2
fm(®) = e Veos(pt +p2) + pspy (126)

u? V2p,
NEr

which provide expressions between space and time. These expressions are not deviating from
expressions that describe the way that space changes over speed [23], [24]. The expressions are
more generalised, but the format of change over the speed change is of the same type.

V. CONCLUSION

The expression of the energy obtained by a mass can be expanded if mass, either in the
form of pem or in the more complicated format, is approached as a dynamic quantity. In this case
space is related not only to time but energy as well, intruding a new comprehension of energy-
space-time interactions. The expanded model of energy provides a wider expression of speed. The
first expression approaches speed in a way that follows the limitations that are known to apply as
the relativistic approach indicates. However, a different expression that arises, opens the option of
mass, either in pem or complete format, to travel at speeds even higher than this of light, which is
currently investigated at theoretical level, provided that the factors that express a mass are properly
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altered. Space, in this case, as expressed in the equations produced during the investigation, is
minimized, tending to zero, as speed approaches infinite speed. What remains to be verified is the
experimental and practical approach as to the speed a mass can reach, minimizing the space.
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