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Abstract

An alternative model is proposed to derive several of Einstein’s basic relativ-
ity equations, which would make relativity theory easier to comprehend and
more intuitive. Despite the radical nature of the hypothesis, the findings are
consistent with many predictions of relativity theory and shed light on the
fundamental aspects of various relativity concepts. The model unifies Space,
Matter, and Light, all of which are of the same nature. The building block is a
mass-unit composed of size and motion. The invariant space-time interval
and the corresponding space-mass interval are derived and explained. Only
when there is “external force”, the Einstein’s energy-momentum equation be-
comes applicable. The “no external force” scenario leads to the generation of a
new energy-momentum equation that explains the nature of gravity and perhaps
even dark matter. Modified Minkowski space-time and space-mass diagrams
clearly depict time dilation, length contraction, the mass-momentum-energy
relationship, and other relativity phenomena.
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1. Introduction

Einstein’s theory of relativity is one of the most successful theories in centuries.
It is well-known for providing a series of predictions on phenomena, such as
time dilation, length contraction, mass increase in moving objects, and curved
space-time in gravity. However, several concepts and paradoxes are difficult to
understand and some topics are still under debate even in the scientific commu-
nity. The fact that the relativity theory cannot be compatible with quantum me-
chanics is another drawback. Despite the successes and advances in the field of
modern physics, there is a lack of clarity even at the most fundamental levels.

Numerous simple issues are still unresolved. Consider the following questions:
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What is the nature of space, why does length contraction occur, how does mass
relate to speed, and where does gravity come from.

A unified theory of physics is a theoretical framework in physics that aims to
explain all fundamental aspects of the universe. It seeks to provide a complete
understanding of the universe, including all of the fundamental particles and
their interactions, as well as the nature of space and time. The ultimate goal of a
unified theory is to unify all of the fundamental forces of nature, including the
strong nuclear force, the weak nuclear force, the electromagnetic force, and
gravity.

The idea of a unified theory has been a long-standing goal in physics, and
many theoretical models have been proposed over the years. One of the most
well-known attempts to develop a unified theory is string theory, which suggests
that the fundamental building blocks of the universe are tiny, one-dimensional
strings of energy. These strings vibrate at different frequencies, producing all of
the different particles in the universe [1].

Another approach to developing a unified theory is through the study of
quantum field theory, which describes the behaviour of particles at the sub-
atomic level. This approach seeks to unify the fundamental forces by treating
them all as different aspects of a single, underlying force [2].

Despite the many theoretical models proposed, no conclusive evidence for a
unified theory has been found yet. However, there have been many promising
developments in the field, such as the discovery of the Higgs boson, which pro-
vides insight into the mechanism by which particles acquire mass.

The search for a unified theory continues to be an active area of research in
physics, with ongoing efforts to refine existing theories and develop new ones.
The ultimate discovery of a unified theory would be a monumental achievement
in physics, bringing us closer to a complete understanding of the universe and its
fundamental nature.

This study proposes a straightforward model that unifies Space, Matter and
Light, explains a number of basic concepts on theory of relativity, and provides a

link between relativity and quantum theory.

2. Space, Matter, and Light

Special relativity (SR) predicts length contraction, time dilation, and derives
relativistic mass-energy equations. Einstein found it was difficult to accommo-
date gravity in SR and invented general relativity. Let us revisit this issue and see
whether the nature of space-time and gravity can be formulated within SR
framework and establish a connection to quantum mechanics. Figure 1 poses a
simple question, the answers to which could provide a fundamental insight into
the nature of gravity and its link to quantum theory.

Are the length contractions, time dilations and relativistic kinetic energies the
same for a matter (c) that experiences constant acceleration by a force and a

matter (b) that free falls in gravity? Is there a deeper physical reason for length
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Figure 1. Three identical matters (light clocks): (A) is at rest, (B) is free falling in gravity, and (C) is ex-

periencing constant acceleration due to an external force push. (B) and (C) reach the same speed v.

contraction, and what are the consequences? Newton treated the two scenarios
identically because he believed that gravity was a force that did not differ from
other mechanical forces. For the scenario of matter (¢) being pushed by a force,
Einstein’s SR theory provided more accurate predictions and correct equations
on mass-energy-momentum. However, within the SR framework, there were no
corresponding and equivalent mass-energy-momentum equations for the free
fall object in gravity. This research fills the gap by answering these simple ques-
tions without resorting to general relativity or complex mathematics.

Let us take a look at the early versions of energy-momentum equations. The

classical energy equation,
2

E=£ 1y
2m

The relativistic energy-momentum relation was first established by Paul Dirac

in 1928 under the form [3],
E =./m§c4 +pzc2 +V

where Vis the amount of potential energy.
The Schrodinger wave equation in its time-dependent form for a particle of

energy E moving in a potential V'in one dimension is
ot 2m ox’

+V (x,0)¥

The potential energy V'is related to position/size and is generally regarded as
system energy. However, in special relativity the final relativistic equation for a

particle’s total energy did not take into account the potential energy V; and the

E=\mc*+p’c’ (1)

equation is
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As aresult, the kinetic energy of the particle is what is represented by the total
energy E'in Equation (1). In this study, we reintroduce potential energy as an in-
trinsic part of a mass-unit and discover that the Equation (1) does not always
apply to all situations. In physics, the term “point mass” is frequently used, with
no regard for size or shape. Understanding the nature of the size, on the other
hand, may reveal surprising results. We argue that a mass-unit, the fundamental
building block, is not a size-less point, but a system consisting of both intrinsic
kinetic energy (relating to motion) and intrinsic potential energy (relating to
size). By connecting the size of the mass-unit with length contraction, we pro-
pose a model that unifies Space, Matter, and Light and explains the origin of
gravity, speed, and dark matter.

If we admit that the smallest time period (time-unit “7”) exists, because an
observer cannot discern motion within the time-unit, a moving point mass with
speed ¢ (Figure 2(a)) appears to be a line which is its size s (Figure 2(b)). Size
“s” has the same value as speed “c”, which can be expressed as a value per
mass-unit or time-unit.

From the perspective of energy, the moving mass-unit simultaneously pos-
sesses both size and motion with size energy “s” and motion energy “&” (Figure
2(c)). The terms “intrinsic potential energy” (£,) and “intrinsic kinetic energy”
(E are used to describe the size energy and motion energy, respectively.

This rationale can be expanded to every basic component of the Universe. It is
proposed that Space, Matter, and Light (Photon) are all of the same nature and
origin and are composed of the same basic building block—the mass-unit.
Therefore, a mass-unit consists of two energy elements: E, and E;. The total en-
ergy £, which is a constant, is given by:

E=FE_+E, =constant

The following diagram demonstrates how Space, Matter, and Light are dis-
tinct from one another (Figure 3).

Space has the maximum E, If Space is stationary, then & is assigned to both
E,and Ej that is, E, = E, =c’ while the total energy is constant as E =2c’

“n
C

(8 A mass-unit has a speed

o—

C

(b)  Within the time-unit “T”, size “s” is created

X C —c—

“un

Size “s S S

©

Intrinsic potential energy E

/.\ Intrinsic kinetic energy Ej,

Figure 2. Formation of size from motion and time-unit.
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Space Matter Photon

Figure 3. While the sizes of the mass units of Space, Matter, and Light differ, the overall
energy remains constant.

(Figure 3(a)).

Matter is condensed Space where its mass-unit’s E < E, (Figure 3(b)). It
appears as though the Matter has increased in speed by « and shrunk in size by
i relative to the stationary Space. As a result, the mass-unit of Matter has the
following properties: E, =c’—u’ and E, =c’ +u’, but the total energy is
constant as E =2¢’. However, this intrinsic speed i is normally hidden and
there is probably no mechanism to determine it.

If we assume that the Matter is at rest and disregard the intrinsic speed o7,
then ¢ is assigned to both E, and Ej; that is, E, = E, =c’. If a Matter gains a
speed vfrom a known source such as described in Figure 1, the mass-unit of the
Matter has energies E, =c’ -V’ and E, =c’ +v’. The net (extra) kinetic en-
ergy AE, is calculated by deducting the kinetic energy of the mass-unit at rest
-E

from the kinetic energy of the mass-unit in motion (AE, = E, i rest )

—motion
Photon is an extreme form of mass-units where E =0 and
E, =c*+v* =2c¢* (Figure 3(c)). Since photon has no size and travels in the
size (medium) of Space, its net kinetic energy AE, is calculated by deducting
the medium’s (local Space) kinetic energy from the total kinetic energy of the
photon (AE, =E,_

As shown in the following sections, this assumption generates the same equa-

photon Ekfxpace )

tions as Einstein, as well as a new mass-energy equation under the “no external
force” scenario. A concept of space-size gradient explains the nature of accelera-

tion and gravity.

3. Lorentz factor and Invariant Interval

To better understand the nature of the Universe’s fundamental elements, let us
first look at the Lorentz factor and time in greater detail. The literature contains
many derivations of the Lorentz transformation. We present a simple alternative
derivation that uses the mass-unit as a light clock due to the mass-unit’s size of
Matter and Space in which light can travel.

Assuming that the light-clock is a round disc, a clock tick is produced by
shining lights from the centre to the round edge in half the time-unit 7}, which
then bounces back in another half of the time-unit 7, (Figure 4).

Two identical light-clocks A and B are at rest in the beginning. Then, clock A

remains at rest while clock B gains a speed v. Using clock A as reference, clock
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Identical light-clock A and B

Round trip to

—

complete a tick

ﬂ

N
a6

rest

Speed v
Round trip to

complete a tick

Figure 4. Mass-unit with a size is a light clock. When clock A is at rest, clock B gains a speed. The
properties of clock B are calculated using the properties of clock A as reference.

B’s size s, speed of light ¢; and time unit period 7"are calculated and their rela-
tionship ratios based on clock A’s size s, speed of light ¢, and time-unit period 7"
are derived (Table 1).

The time period of one round of clock tick, which is also known as the
time-unit, is divided into two sub-intervals 77 and 7. In clock A, light travels
from the centre to the edge for one direction, and the travel length is L, =cT}.
In clock B, the length is L/ =cT—vT, (Figure 4). The transformation factor
y relates the lengths L, and L/, which is given by:

L=y L1’
T, =y (T -vT) @)

For the reverse direction, light bounces back from the edge to the centre, and
the travel length L, =c7, in clock A is related to length L, =cT)+VvT, in
clock B, likewise by the same transformation factor y, and the results are

shown in the following equations.
L=yl
e, =y(cTy +vTy) (3)
Multiplying the Equations (2) and (3),
T =TT (¢ =v?) (4)
If we assume 7,7, =T,T, and remove them from Equation (4), the equation

becomes:
C2=)/2(CZ—V2) (5)

The Lorentz factor is derived as:

y=—— (6)
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In this paper, the terms length “L” and size “s” are both used. While “length”
is used to describe Matter (a collection of mass-units) or space-time interval,
“size” refers specifically to a mass-unit. The relationship of length and size is
L =sm (shown in section 4) or L = st, where m is the number of mass-units in
a matter, ¢is the number of time ticks on a mass-unit clock. For the mass-unit
clock and one time tick, where m=1 and ¢=1, the length and size are the

same, and the average length (size) ratio between two clocks is:

s L LL 1 =V
e @)
LL, vy c

2 T 2
s L,

The square of size is related to energy. From Equation (7), we can see that the
stationary clock A has an intrinsic potential energy E, =c”, while the moving
clock B has a reduced E! =c” —v*, which matches the assumption in section 2.
In terms of size, the size of clock Ais s=c¢ while the moving clock B has a re-

duced size as
s'=e=v? (8)
The assumption 7,7, =7,7, has important indications. Since the geometric
mean time-unit is invariant, the Equations (4) and (5) indicate that the trans-

formation factor A applies to both length and the speed of light. The light speed

of the moving clock is ¢! Therefore,

cZ — }/2072 (9)

2
c'=£:c4’1—v—2= ct—v? (10)
4 c

Equation (10) shows in the clock B medium the speed of light is slowed down.
The slower speed of light in clock B, however, does not violate the theory of rela-
tivity. For any observer who perceives itself to be at rest, the speed of light re-
mains constant since the stationary observer attributes the characteristics of
Space to itself. However, the stationary clock A or “a far away observer” will see
that the speed of light is flowing across the medium of the moving clock B at a
slower rate as +/c> —v* . In other words, the moving clock as measured by an
observer in their frame sees the light moves as ¢, whereas a stationary clock or
the “the far away observer” sees light travelling inside (the medium of) the mov-
ing clock at reduced speed ¢!

For a round trip of light, the arithmetic mean of the time-unit is 7. For clock
A, T=(T,+T,)/2 and for clock B T"=(7;+7,)/2. Using Equations (2) and
(3), the relationship of 7'and 7"is derived as:

g BT T

yT
—=7 (11)

This is known as time dilation.

The ticking time ¢ (“clock reading” or simply “time” which is as commonly
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referred to as proper time or coordinate time) is calculated from the time-unit

and is equal to the inverse reciprocal of time unit 7

t'—i—i—i
T yT vy
1
—=— (12)
t vy

According to the preceding arguments, apart from the conventional under-
standing of the Lorentz factor, which is the ratio of length contraction or the ra-
tio of time dilation, the meanings of the Lorentz factor as proposed herein are
the ratio of the sizes of mass-units or the ratio of light speeds between stationary
mass-unit and moving mass-unit. Table 1 summarises the properties of a mov-
ing mass-unit in relation to the properties of a mass-unit at rest.

Another implication of the invariant geometric mean time is that time-unit
may be two-dimensional. In the mass-unit clock, light travels in one direction
taking half time-unit 7] and travels back in reverse direction taking another
half time-unit 7, to complete a round tick, the product 7;7, is constant for
mass-units at any state. This is illustrated in the diagram (Figure 5) below. On
the other hand, the product of ticking time ¢ and time-unit 7 is also constant
T'+t'=T =t (Table 1). If time is viewed as a wave, ticking time #is equivalent
to frequency, and time-unit 7'is equivalent to wavelength.

Caution is needed when discussing about “time”. If by ticking rate you mean
the reading on a clock, it varies significantly because different mass-units give
different readings, such as when photons, or space/matter at event horizon are
clock, the ticking completely stops. If “time” refers to the result of the ticking

time fand the time unit 7, then everything has the same time value 7 ¢ which

Table 1. Summary of the properties of two mass-unit light clocks with one at rest and
another in motion.

Mass-unit clock at rest  Mass-unit clock in motion

L
Length L L'=—
/e
Light speed in the clock c o=+t =12
Size of a clock per time-unit s=c s =t =7
t
Ticking time (reading) t t'=—
v
Length of clocks in ticking time ¢
ctor st 22
(space-time interval) cr=ct=we v
Geometric average of time-unit T, T, I'T) =TT,
T +T, , T'+T)
Arithmetic average of time-unit T= % T'= % =yT
Constant universal time value T+t T'xt'=T =t
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Mass-unit at rest
v=0,T,=T, Mass-unit
« in motion Photon

rd
c>v>0, T<T, v=c, T,=0, T,>eo,
, ~ « Skip all timelines

Figure 5. Two-dimensional time-unit where 7] 7, is invariant.

flows through the Universe at the same speed.

3.1. Invariant Space-Time Interval

By combining Equations (12) and (5), the following is obtained:
ct? = (c2 -7 )t2 (13)
It can also be written as:

At = -y (14)
where t'is the ticking time on the moving clock, which is the proper time; #is the
ticking time on the clock at rest, which is the coordinate time. ¢’#* in Equa-
tion (14) is the invariant space-time interval & in Minkowski four-dimensional

space-time. Then, the space-time interval §* between the two events that are
separated by a distance xin space and ctin the #coordinate is:
S*=c —x2 (15)

Equation (15) is a simplified form of four vector equation given by:

S? =—cztz+x2+yz+z2 (16)

The space-time interval §* =(ct')2 is frame independent and all reference
frames agree on the value of this interval. The proper time #'on the moving clock
is a physical reality in which all observers see the same time reading.

The physical meaning of invariant space-time interval is that “S” is the length
(sum of sizes) of multiple moving clocks, each of which correspond to a time
tick. “8” (=ct) is calculated as the product of the ticking time #"on the clock in
motion and speed of light ¢ (or the size) of the clock at rest. c¢'equals c¢% which
is the product of the ticking time ¢ on the clock at rest and speed of light ¢’ (or
the size) of the clock in motion. Speed of light ¢ is constant and is attributed to
all observers at rest and stationary Space, whereas ¢’ =+/c> —v* is the speed of

light travelling in the medium of the moving clock. ¢'is also the size of the
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mass-unit of the moving clock s'=c¢'. This notion is clearly demonstrated in
the modified Minkowski space-time diagram (Figure 6).

Figure 6 depicts an intuitive and simple diagram describing Minkowski
space-time, in which the basic principles of relativity can be easily understood.
In this diagram, the moving clock’s time axis ¢'is perpendicular to the stationary
clock’s space axis x, while the stationary clock’s time axis ¢is perpendicular to
the moving clock’s space axis x! Both the clocks agree that the moving clock
gains a speed v from an energy exchange. Figure 6 shows that the stationary
clock ticks five times (¢ =5 ), which is equivalent to five clocks at rest as repre-
sented by five circles with size ¢. The moving clock #'axis has a slope ¢/ vin ref-
erence to ¢~ x frame and slope of +/c —vz/v in relation to ¢~ x' frame.
Because of speed v; the moving clock has a size of s'=+/c* —v* and ticks twice
(¢'=2). Despite the slowed ticking time, the distance is still filled by five clocks
of the smaller size of +/c* —v’ . The Pythagorean theorem of Euclidean geome-
try can be used to calculate the distance ct; which is the invariant space-time in-

terval:
(ct')2 = (ct)2 —(vt)2 (17)

It is equivalent to compressing five clocks (at rest) on the #axis into the space
of two stationary clocks, resulting in the five clocks with small size appearing on
the #’'axis. The consequence is that the size of the clock is reduced and distance

(vh) of stationary frame is also reduced (to v¢) in the moving clock frame.

t A

ct (where t=5)

Figure 6. Modified Minkowski space-time.
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3.2. Invariant Hyperbola

Figure 7 shows the worldlines of the moving clocks in space-time coordinates. A
black-line circle above the x'axis represents a curve crossing with worldlines that
share the same coordinate time ¢ of the clock at rest. The circle is equivalent to
the Minkowski invariant hyperbola. Worldlines of clocks with different speeds
and proper times are displayed. Varying ¢'axis have different speeds and differ-
ent ticking times (¢ =4,3,2,1) that correspond to the same coordinate time
t =5 in taxis.

When speed v approaches the speed of light, the ¢axis overlaps with the x’
axis, resulting in the moving clock being converted to photon. Photon’s clock
stops ticking as ¢' =0, and size of the photon is zero. For photon, the distance
vt'is also zero. This phenomenon indicates that when any particle becomes or
contains a size-less quantum, the distance is zero; that is, v¢#' =0. This means
that distance does not exist in the realm of size-less quantum. This explains the
reason for quantum entanglement across long distances because the concept of
distance does not exist for a quantum.

Light cones and two invariant zones of space-time are also shown in Figure 7.
When speed v=c, the ¢'axis and x"axis are merged. The future light cone is
represented by the region above x"axis, while the past light cone is represented

by the region below the x"axis.

3.3. Acceleration

When a clock has a constant acceleration, the clock size (mass-unit’s size) decreases

Future

The circle is equivalent to the
Minkowski invariant hyperbola |

Figure 7. Various worldlines of moving clocks in space-time ¢ ~x’ coordinates.
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constantly as shown in the diagram by the yellow circles in the series ¢’ axis
(Figure 8). If the speed keeps increasing, the clock’s size will eventually reach
zero and the clock will become a size-less photon. The size gradient is created

due to acceleration.

3.4. Invariant Space-Mass Interval

Because the mass-unit is light clock, mass and time are inextricably linked. A
clock’s ticking frequency is equal to its mass in terms of the number of times.
For example, if a clock ticks five times, the equivalent mass is five clocks (m, = 5)
at rest (Figure 7 and Figure 9). This is reflected in the photon’s energy equa-
tions as well. When the mass-units (a matter) pick up speed and eventually be-
comes a photon, the mass-units (13, = 5) are compressed into zero size (m’'= 0)
and becomes a size-less photon (Figure 10). The net kinetic energy of a photon
can be expressed in terms of mass as AE =mc’ and in terms of frequency as
AE = hf', where A is the Planck constant and fis frequency. The frequency fis

equivalent to the ticking time ¢ of a stationary clock. Then, mc® =hf = ht is

obtained, and the mass and time ratio is constant . = h/c* . In terms of Planck
t

time (time-unit) 7, = JhG/c®  and Planck mass m =./hc/G , we have

mT, = h/ ¢’ . Because time and mass have an equivalent relationship, we can re-

place the time axis ¢ with the mass axis m in the space-time diagram of Figure 7,

resulting in space-mass diagram Figure 9.

A space-mass diagram, which is equivalent to a space-time diagram, can be

t

Acceleration

Figure 8. When a light clock experiences steady acceleration, its ¢'axis tilts towards the x’
axis and the clock shrinks in size.
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c? + v2 (intrinsic kinetic energy)

— 2 (intrinsic potential energy)

X=mv

Figure 9. Space-mass invariant interval.

drawn as shown in Figure 9. The mass-unit is composed of intrinsic potential
energy (size energy E,) and intrinsic kinetic energy (motion energy £, which are
represented by open and solid circles, respectively. When the stationary five
mass-units (m = 5) gain speed v; they are compressed into four mass-unit size
(m'= 4) as shown in the m'axis. This process is also equivalent to squeezing the
size of an allocated mass Am into the space of the other four masses. As a result,
E, decreases while E, increases (the size of the solid circle increases as shown in
Figure 9). The reduction in size is the sole cause of speed v.

The space-mass relationship is also obtained using Pythagorean theorem

(Figure 9).
(m'c)2 = (mc)2 —(mv)2 (18)
Like the invariant space-time interval (ct)?, the matter’s length (multiple
mass-unit’s size) mc and mc (length in m' and m axis, respectively) are
space-mass intervals, where mc (length in m axis) is invariant. Depending on the
source of motion, Equation (18) has different versions, as shown in the following
section. Since mc and mv are usually expressed as momentum, according to
Equation (18) we can see that the intrinsic momentum is invariant. This Equa-
tion (18) is derived from the mass-unit’s size that corresponds to potential en-
ergy.
By multiplying Equation (18) by ¢ and applying momentum p =mv, the
energy form is
m!ZC4 — mZC4 —p2C2 (19)
And the Lorentz Invariant

2 4 2.4, 202
mc =mc +pc
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differs from the conventional energy momentum equation, which is further dis-
cussed in the following section and Table 2.

Equation (19) shows that after gaining a speed v; the original potential energy

m’c* (length in m axis) is reduced to the new potential energy E!* =m'"*c"
(length in m axis)

E’ =m’c* —(mv)2 c? (20)
The potential energy E!

E! =mecNc® —v? (21)

When v =c, the original mass m becomes photon, where E; =pc, m'=0
and E’> =0, which means all potential energy is converted to kinetic energy.

We know that the total energy of any matter is E =2mc’ and total intrinsic
kinetic energy E, = E—E!. Then,

E, =2mc* —meN e —v? (22)

To calculate the net (extra) kinetic energy AFE,, the kinetic energy of the
matter at rest mc” is subtracted from E,, we have

AE, = mc? —meNc? —v? (23)

In an extreme case, when v=c (Figure 10), the intrinsic potential energy
m'*c* is zero as indicated by Equation (19). This means that the size vanishes
and m'=0, and the original mass-units m becomes a photon. The photon’s
frequency and the original mass amount are related as m/f = h/c* . The pho-

ton’s mass m’'is zero. In terms of photon’s predecessor, the Matter/Space, they

M4 (m=5)

c2 2

D =0
4\9@—;’: m’v (v=c)

c? 4+ v2=2¢2

X =mv (v=c)

Figure 10. When speed approaches light speed, its m’ axis tilts towards the x"axis and
eventually merge, the mass-units become a photon.
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obviously have the mass m,. In other words, a stationary mass-unit (Matter or
Space) with mass m, can be converted to photon with mass m'=0. In reverse,
photon can be converted to a stationary mass-unit and its rest mass m, is re-
stored. When we say a photon has no mass, it means that it has no size and its

size equivalent mass m 'is zero.

4. Mass and Energy

Newton’s Laws describe the behaviour of point masses, which are intentionally
simplified objects with no size or volume since size is not expected to change in
Newtonian equations. Newton’s first law states that unless acted upon by a force,
a body will remain stationary or move at a constant velocity. This section dem-
onstrates that Newton’s first law holds true only when the size remains constant.
Newton’s first law cannot be applied if a mass’s size can fluctuate.

For moving objects, Einstein’s special relativity predicts length contraction.
However, the nature and consequence of the length contraction are unknown in
the existing theory of relativity.

In Newtonian dynamics, the kinetic energy £, of a point mass is given by:
o1 2 1,
E, (v)—Ek(O)—mJO vdv-zm(v —O)—Emv (24)

Kinetic energy as a function of speed is given by

E, (v) :%mv2 (25)

In Einstein’s theory of relativity, mass increases as a function of speed (but
does not explain why), and the momentum of a point mass changes from

p=myv to p=m,yv.]ItsKkinetic energy is given by:

E (v)-E, (0)=¢ j':; dm, =m,c> —myc’ (26)
Therefore, kinetic energy in the relativity form is:
E, (v)=m,’ —myc® = Amc’ (27)
. my
Since m, =
V2
e
2 1
E, (v)=my’ | —-1 (28)
V2
1=
c

Am=| ——==-1|m, (29)
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Remarkably, none of the equations above involve length contraction. More-
over, Einstein’s theory of relativity does not explain why mass increases and how
speed and extra mass are related to length contraction. The preceding equations
are also erroneous in the case of “no external force”, as stated below, and only
apply to a certain type of motion brought on by an outside force.

This study proposes a simple method to derive more general mass-energy equa-
tions and explain the nature of motion, length contraction, and mass-energy rela-
tionship using the space-mass invariant interval described in the previous section.

A Matter is a set of mass-units and its behaviour is governed by the rule of in-
variant space-mass interval given in Equation (18).

According to Equation (18), the invariant space-mass interval is
m'c= mO\/c2 -2 (30)

This equation can be interpreted as follows: m3, is the number of mass-units in
a Matter at rest and its mass-unit’s size is s =c¢. When the Matter gains a speed
v, the size of the mass-unit in motion decreases as s’ =+/c* —v* . For example,
when the stationary four mass-units gain speed v; they are compressed into the
three mass-unit size as shown in Figure 11(a). This is equivalent to that mass 3,
is divided into two parts: Am and m; and the allocated Am is squeezed into the
size of three mass-units m' The space-mass interval m's (m<¢) is equal to the
product of the original mass number m, and reduced size of mass-unit s; which
is mos'(m()\/c2 v ) . This scenario (A) is depicted in Figure 11(a), which cor-
responds to the diagram in Figure 9.

As m's=m,s', where s=c and s =+/c’ —v’, then we have Equation (30)

as m'c=my\c’ —v7 .

Since m'=m,—Am, substitute m'in Equation (30) to obtain

m, —Am)c = myNc* —v? .
0 0

V2
Am=|1- l—c—2 m, (31)

Since the net kinetic energy is AE, = Amc®, AE, is obtained for the scenario
A as:

Then,

2
AE, =|1- 1—‘;—2 myc’ (32)

It was observed that Equation (32) is the same as Equation (23).

These equations differ from Einstein’s kinetic energy equation in that scenario
(A) of “No external force” describes a spontaneous motion without a push from
an outside force, which is not supported by Einstein’s theory. The derived Lor-
entz Invariant in the energy momentum equation mgc* =m'’c* + p’c’ is also
different, which indicates that when v=c¢, we have m'=0 and E, =pc.

However, the scenario (A) does occur spontaneously without the involvement of
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(b)

Mass m, (containing 4 mass units)

(@)

¢ Intrinsic kinetic energy

Am c? Intrinsic potential energy
\ 1 —
\ i s 1
k—y—l
‘\ H m’s :
Squeeze in i 1

‘\ I ) : Speed v

i MoS 1
| S
‘ : S!I
1 —

c%-v2  Decreased intrinsic potential energy

c2+v2 Increased intrinsic kinetic energy

Squeeze in

Mass m (containing 3 mass units)

Outside mass Am c2 Intrinsic kinetic energy
=> c2 Intrinsic potential energy
& \ | —1
=~ \\ 1 s |
/ Y 1
/ Photon’y 'y : mys |
]
! VN I I
I \ v ! Speed v
! : \ 1 s’ !
\ H \ '—T—':
! (| rer
\ F; v, s |
v Force
o "4 \ 1

~—

c?-v2 Decreased intrinsic potential energy

c2+2 Increased intrinsic kinetic energy

Figure 11. Based on the invariant space-mass interval, two distinct mass-energy relationships

are derived under two conditions (a) “No external force” and (b) “With external force”.

any external force. It is simply an energy conversion between size and motion
with no change in total energy.

Motion is the result of size reduction of mass-units. If you want to increase
the speed of a mass-unit or maintain a constant acceleration, you don’t need an
external force (or energy) to push. Motion can happen even in the closed system
of the Matter where there is no energy exchange with outside source, just by re-
duction of the mass-unit size while the total energy of the Matter remains con-
stant. When the speed approaches that of light, the size is reduced to zero and
the original Matter is converted to photons.

This scenario can be experienced by anything that spontaneously exchanges
intrinsic energy between E, and E; such as quantum fluctuation observed in
quantum mechanics. This occurs in our daily lives as well; for example, Matter
in gravity, which is a typical scenario (A) involving intrinsic energy oscillation

without change in total energy. This actually answered part of the first section’s
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question.

Figure 11(b) depicts space-mass interval invariance of scenario (B) “with ex-
ternal force”. In its original state, a Matter at rest has a space-mass interval mc,
where m, =3. Newton’s law states that “force” is required to set the Matter in
motion. This external Newton’s force can be thought of as a photon, which is
equivalent to extra external mass Am. When the Matter transitions from being at
rest to being in motion, a force Am is applied. The external Am is squeezed into
the size of my, resulting in reduced size of the mass-unit to ~/c* —v* , and that
the Matter gains a speed v. According to the invariance of space-mass interval
principle, myc is invariant and is equal to the product of new mass m'(=4) and

new size s, which is given by:
myc =m'\Nc® —v? (33)
Since m'=m,+Am,

myc = (my + Am)Nc* —v? (34)

Then Amis derived as:

Am=| ——-1|m, (35)

The net kinetic energy AE, is given by:

1
AE, = — —1|myc’ (36)

These equations are the same as those derived by Einstein's theory of relativity
for Amand AE, . If the speed of Matter increases in scenario B, extra mass Am
must be added from external source. The size of resulting total mass ( m, + Am )
shrinks to the size of original m,, due to a invariant space-mass interval. When
the speed approaches the speed of light ¢ an infinite amount of external mass
must be added.

If scenario B is described in the space-mass diagram, it can be drawn as shown
in Figure 12. Original matter with five mass-units (m, =5) at rest gains speed
¥, or v, where ¥; corresponds to six mass-units (7 = 6 ), and v, corresponds to

seven mass-units (m, =7 ). The space-mass intervals (length of the Matter) are

_ ' 2 2
myc=mp\jc —W
! 2 2
moc—mzﬂc -V,

We can see that the length mc of the matter is invariant, so its energy form

myc®> which is the E, or E; of the matter at rest is also invariant. Based on (33),

energy-momentum equations m'’c* =m c* + p’c® or E” =E; +p’c’ is de-
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rived, which is the same as Einstein’s energy-momentum Equation (1), but with
a slightly different meaning. In our equations, E, (or myc) represents the in-
trinsic potential energy of the original matter m, at rest, which is the same as the
intrinsic kinetic energy of the matter m, at rest. E'> represents the intrinsic
potential energy of original matter m, plus the potential energy of the extra mass

"> is the same as the total kinetic energy of the matter in

Am. Interestingly, E
motion. The potential energy of the extra mass Am is the same as the net kinetic
energy of the extra mass Am. E'> can be viewed as the total intrinsic kinetic
energy of the original matter m, plus the extra mass Am (m,+Am ). When
v=0, we have E"” = Eg; and when v=c, E'is infinity ( E' = ). This differs
from the traditional interpretation of Equation (1). The traditional view states
that as vincreases, the energy E'increases because m,c’ is invariant; however,
when v=c, the energy E’is photon’s energy E'= pc and m, is zero, but be-
cause myc isinvariant in this scenario involving extra mass, m, cannot be zero.
Actually, the equations (1) and (33) (Figure 12) can only apply in the scenario
with external force and indicate that when vapproaches ¢, m approaches infin-
ity. In fact, in the scenario A where there is no extra mass involved, according to
Equation (19), when vapproaches to ¢, we have E, = pc, m'=0, and original
11, becomes size-less photon. In terms of photon’s energy E; = pc, the Equa-
tion (19) of the scenario (A) matches the traditional view, in the situation of
E' = o, the Equation (33) of scenario (B) matches the traditional view.

The derivation of Am using space-mass interval invariance principle for the

two scenarios indicates the properties of mass and energy shown in Table 2.

My

—

m’ (m,’=6)

X=mgVv

Figure 12. The space-mass diagram shows scenario (B) with external force.
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Table 2. Mass and energy under two scenarios “No external force” and “With external

force”.
No external force of With external force of
scenario A scenario B
2
v 1
Am 1= J1—— |m, —-1|m,
c V2
I-=
c
Origin of Am internal external
2
o v ) 1 )
Net kinetic energy AE, 1=\ [1—=— |m,c =1 |m,c
> | > 0
¢ v
==
c
.. . . B m()c2
Intrinsic kinetic energy P 5 —
—[1—— |myc
— 2 0 14
E =AE +E,_,, ¢ 1-—
c
Intrinsic potential energy 1 v )
—— |m,c
— 2 0 2
E =E -E, c myc
Amwhen V=¢ Am =m, Am =0
m
Vz mr — 0
Mass m'when Y <¢ m'=my,[1-— v
I l1-—
c
. mc* 204 _ 2 o4 +( )2 2 mict =m'"c* — p*c?
Lorentz Invariant " ° mye =n-c +{my) ¢ ¢ = p
Mass m'changes when vincreases decrease increase
. External force with
Example Gravity

applying work

Equation (31) indicates that when speed v is equal to speed of light, that is,
v=c in scenario (A), the allocated extra mass equals the original mass Am =m,,
which means that all m, become photons. The mass of a photon in terms of m’is
zero. Equation (35) indicates that when v =c in scenario (B), Am =, which
means that no matter how much force (photons) is applied, the matter’s speed
cannot reach the speed of light.

Under scenario (A) a matter can move even in the absence of an external
force, which was considered impossible. It seems scenario (A) violates Newton’s
first law. In classical and modern physics, a matter is conveniently regarded as a
point mass, in which the size is ignored. SR, on the other hand, did predict
length contraction but did not understand why, and did not introduce scenario
(A). The scenario (A) equations (Table 2) fill a critical gap in SR theory.

To answer the questions in the first section, Figure 13 depicts the outcome.

The phenomena of reduced mass-unit size and time dilation are the same in
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Speed v

Y

both scenarios. The matter (b) that free falls in gravity is a typical example of
scenario (A). The length contraction for matter (b) occurs as the length from
original myc is reduced to m,~c* —v* . The matter (c) that experiences con-
stant acceleration by a force has a constant length m,c (f,c), so the length
contraction is invisible for matter (c). However, in matter (c)’s frame anything
else is shorter because myv <m'v (Figure 12). The relativistic kinetic energies
and relativistic mass m'differ between two scenarios, as illustrated in Figure 13
and Table 2.

5. Acceleration

When a mass-unit with £, (hollow circle) and E, (solid circle) is accelerated, its

size decreases and speed increases as shown in Figure 14. A size gradient is

C C
| Speed v
' ; it o [T 2
\HIN {.; ,.; Size of rr)ass unit s' =+vc2—v
R ’ Length L', =L,

moc = m'y % —v?

Constant acceleration by a force N
Kinetic energy:

. 1
Newtonian E, = Emovz

Free fall in gravity

4
1——
c2

Relativistic E, = (% - 1) myc?

Size of mass-unit s’ =+Vc¢2 —v2

Length L'y =Ly

m'c =mgVe? —v2Z < mye

Kinetic energy:

. 1
Newtonian Ej, = Emovz

2
Relativistic E;, = (1 - /1 - :—Z> mgc?

Figure 13. The answers to questions in Figure 1.

Constant acceleration

ar\?
v2 = 2ar — (—)
c

2+ V2

. v=0

Figure 14. A mass-unit experiencing constant acceleration.
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formed by a series of decreasing sizes over a time period or distance r.

Assuming a constant acceleration a in the scenario (A) of “No external force”,
the mass m is constant and the work W done by internal size contraction over
the distance ris given by:

W = mar (37)

The increased kinetic energy is equal to the work W. As previously stated, the
increased kinetic energy AE, is derived from size reduction of existing mass,
which is equivalent to a fraction of mass Am turning into a size-less photon as
AE, = Amc’.

mar = Amc* (38)

Applying Equations (32) to (38),

2
mar=|1- 1_0_2 mc’ (39)

v: =2ar— (Zj (40)

C

Then,

The size of the mass unit at distance ris given by:

s=Nc vt =L (41)

Cc

The size gradient is the Lorentz factor represented as:

I WA - (42)
Ky 2 2 l_ﬂ

2
c

In the scenario (B), extra mass Am is constantly added to the existing mass m

and the work done Wby external “force” over the distance ris calculated.

W = ymar (43)

With mass addition, the increased kinetic energy AE, is the same as extra

Am Kinetic energy given as:

ymar = Amc? (44)
Apply Equation (36)
1 2
ymar =m -1]c (45)
V2
I==
c

Then, the same value of v> as in scenario (A) is obtained

ar’
v’ =2ar—[—j .
c

Matter at rest is assigned the attributes of stationary Space. The accelerated

Matter creates a size gradient to itself over a time period or distance as illustrated
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in Figure 14 and Figure 15 (left). This size gradient of the accelerated matter is
seen from the Space observer or from a far-away observer. If the accelerated
Matter is merely an observer, then the Matter thinks it is at rest and its size is
uniform. Then the background Space appears to have a size gradient, but in the
opposite direction, as shown in Figure 15 (right).

A Matter in a Space background has a tendency to overcome the Space’s size
gradient by creating the same size gradient of its own. As a result, an observer
(even inside the accelerated matter) who sees the Space size gradient (Figure 15
right side) feels a downward pull like gravity. If allowing the observer to free fall,
the observer will have the same size gradient as the Space background, thus giv-
ing the observer the impression that the Space is flat and uniform. This phe-
nomenon explains size gradient-related pseudo-forces, also known as inertial

forces and gravity; consequently, pseudo-force and gravity are of the same nature.

6. Gravity

According to general relativity, gravity is curved space-time. In this study, a
simplified model of gravity is proposed, which is a size gradient of Space.

Matter and Space are both mass-units with size; however, the mass-unit size of
the former is smaller than that of the latter. Therefore, Matter is condensed
Space. Space is the continuation of Matter, which causes a Space size gradient in
the medium of Space. Consider the following illustration: Matter is analogous to
a fast-spinning whirlpool in the seawater background of an ocean, and Space is
analogous to the seawater. The seawater circulates around the whirlpool. The
surrounding seawater moves faster when it is closer to the whirlpool.

Therefore, gravity is a Space size gradient that corresponds to curved
space-time rather than a force. Any object having size in Space that sees a space
size gradient has a tendency to overcome the size gradient by creating the same
size gradient through acceleration. The photon is a special mass-unit because it
has no physical size, perceives the gradient of space differently from matter, and

travels through the gravity space at a speed equal to the size of the space, as was

Acceleration

creates o
matter’s size Space observer Matter Space s size
gradient observer gradlent_
4 A A A 1 == |
] P 1 R
O Y | '(‘ So 1
A (I
[ ) ) ’ L I
| |\ = ! ‘ \ ! !
b; i/;o;\;': Change observer w :{\,—~\l
N N m /1 — P
| \ : ~=='1 ‘ \‘ i h
[ | 1 v
| \ I -——
Y —~ L
| —
/ \ { 1 So c 1 | Yy
| | N _Aly=—= = | i
! | | I s Jez—yz -9 | |
| 1 o2

Figure 15. Size gradient created by acceleration.
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previously stated. As a result, gravity slows down the speed of light. The light
travels slower and slower until it eventually comes to a stop at the event horizon
as the size of the space gets smaller and smaller as it approaches a massive star or
a black hole.

A free fall object’s acceleration is the cancellation of the size gradient of Space.
The cancelation causes the object to feel stationary in a uniform Space back-
ground.

Newton’s gravity is not relativistic because the speed in Newton’s equation is
allowed to exceed the speed of light. To derive a relativistic Newton’s gravity, a
relativistic mass-energy rule should be used. Since there is no external force act-
ing on an object in gravity, the free fall object does not gain external mass Am.
Therefore, the gravity kinetics should follow the rule of scenario (A) described in
the Mass and Energy section.

Newton’s equation of gravity is given by:

F =M (46)
r
According to Newton’s second law F = ma , we have
mdy _ G]\/le (47)
dr r

where Fis the force, M is the large mass causing gravity, m is mass of the object
interacting, ris the distance between the centres of the masses, G is the gravita-
tional constant and vis the speed of the object. The energy conservation formula

in Newton’s gravitation field is given by:

%mv2 +mp=0 (48)
or
Ly (49)
¢ 2

In Newtonian gravitational field ¢ satisfies:

GM
¢=——- (50)

The Equation (47) is valid only when the gravitational field is weak. Accord-
ing to (47), in a strong gravitational field, the speed of a free-falling object can
exceed the speed of light, which contradicts Einstein’s theory of relativity. In

other words, (47) is a non-relativistic equation that is not valid in the strong

field, so in the strong field ¢ = — oM
r

. The mass-energy equation of “no external

force” criterion can be used to adapt Newtonian gravity to relativistic gravity.
We will calculate a relativistic potential that applies to the strong gravitational

field.
In gravity, the gravitational potential energy E, and kinetic energy £, have the
formula E +E, =0. Since the non-relativistic Newtonian kinetic energy
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GMm

1
E, = Emv2 and gravitational potential energy E =-— , we have
r
lmvz—GA/[m =0 (51)
r

To convert it to relativistic gravity, Newtonian kinetic energy in (51) is re-

placed with relativistic kinetic energy AE, = Amc” of the “No external force”

Equation (32)
2
[1—,/1—V—2Jmcz = GMim (52)
c r

The speed squared at location r can be calculated from above

2
V2:2GM_(GMJ (53)
r rc
This is different to the conventional gravitational speed v° = , which

7

can exceed the speed of light. The new speed v* =

2GM _(GM

2
j in (53) is a
-

re
relativistic speed in which the speed of light is the upper limit. The comparison
of two speeds is shown in Figure 17.

If we keep formula (48) and (49), the gravity field potential is revised, and the
relativistic gravitation field is:

2
o _Lfaw) -
r 2 rc
Then the relativistic gravity law is given by
GM; GM
r r 2re

Equations (54) and (55) could apply to strong gravity fields like black holes,
which is used to calculate the event horizon radius in the Black hole section.

In terms of the size of the Space’s mass-unit in gravity, s=+/c’ -V’ , we can
use Equation (53) to calculate the size at each distance r and Space size gradient

=5
S

e

As shown in the diagram (Figure 16), at a distance r, which is the distance
from centre of M to an observer’s location, the observer perceives that the entire
mass M is filled in the distance r. Because the mass of M is constant (ignoring
dark matter which is described in dark matter section), as the distance r in-
creases, so does the size of the Space’s mass-units.

When the location is a far away where r =00,y =0, the Space size is s=c.
When the location is at distance r, based on Equation (53) and s =+/c> —V* , the
Space size is given by:

, GM
s'=c—

(56)
cr
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At a far away location, r = eo, v = 0, the size of space is: s = ¢

, GM
s =c——
Ty

-
---...

( .

.

When r decreases asr, >r; > r,, the space size decreases
ass, >s,>s,

Figure 16. Space sizes at various locations rrelative to the centre of earth.

The Space size ratio between a far away and location r also known as the

Lorentz factor is given by:

S AR S 57
e v GM (57)
- ===
CZ rc

Therefore, the length contraction ratio (where /is length at a far away loca-

tion, where /'is length at location 7) is:

"1 GM
—:—:1— 3
Iy rc

(58)

The Gravitational time dilation ratio (where 7'is the time -unit at a far away,

T'is the time -unit at location r) is:

T 9
T, oM
rc

This time dilation factor was frequently used in the literature as an approxi-

1
mation to the general relativity time dilation factor ————" In fact, Equa-
- 2GM

2
rc

tion (59) is the correct relativistic gravitational time dilation factor that can be

applied to strong fields like black holes.
As previously stated, light travelling in the Space background has a speed

equal to the Space’s size; in the gravity, Space size and light speed are equal.

GM
c'=s"=vc* =V =¢c—

(60)
cr

As a result, light moves slower in gravity. At event horizon, the Space’s size is

zero, so light’s speed is also reduced to zero, and Photons and Space become the
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same thing. The light speed ratio between location rand the far away location is:

c 1 _GM (61)

Einstein also derived a similar reduced light speed formula [4], which was re-

garded as an approximation of the transformation factor ,[1- of general

re
relativity. In fact, formula (61) is the correct relativistic light speed formula,

is a non-relativistic and weak

2
whereas the transformation factor ,|1-—
rc

field approximation.

7. Black Hole

Black holes can form in both Newtonian theory and general relativity. A Newto-
nian argument by Michell and Laplace predicting the existence of “dark bodies”

can provide an exact general-relativistic result namely the exact formula for the

Schwarzschild radius R = 2G_2M [5] [6]. It has been argued that the convergence
C

of the event horizons and Newtonian horizons is a coincidence. However, no
plausible explanation for this coincidence has ever been provided. One such re-

search work by Preti [7] provides an explanation using Einstein’s mass-energy
2

equation E =—2 . As discussed in the previous section, this equation is
V2
==
c

only valid in scenario B where the external Am keeps adding to the existing
mass. Because there is no external force in gravity, Einstein’s mass-energy equa-
tion cannot be applied.

This study proposes that the deeper cause of the coincidence is that general
relativity derives the g, from the Newtonian limit. Newtonian gravitation po-
tential is a non-relativistic weak field approximation. When dealing with a
strong gravitational field, such as a black hole, the traditional Newtonian gravi-
tational potential should be replaced by the relativistic gravitational potential
described earlier.

The following equations show how the conventional g, is derived. The
geodesic equation [8] is used in general relativity to describe particle motion.

2_u W
e " . (62)
dr dr dr

Using the weak field assumptions and using only first order terms in A, the
simplified geodesic equation is given by:

if = lc2VhOO (63)
e 2
In Newtonian mechanics the force on an object due to a gravitational poten-

tial ¢ is given by:
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d’x
—=-V 64
" ® (64)
Comparing the two Equations (63) and (64), we obtain the following
2
hyy =——2 (65)
C

Therefore, the metric can be written in terms of a potential energy function ¢

as:

2 2
o0 = Too + oo :—1—C—f’=—[1+c—f’j (66)

This is the Newtonian limit, which implies that gravity and geometry of na-

ture are the same. The Newtonian potential function ¢ is given by:

GM
r
Therefore, the conventional g, is
2GM
8oo =_(1_ 2 j (68)
cr

This metrics g, has been used in the Schwarzschild solution as:

-1
ds? = _(1_ 2GM)c2d12 +(1— 2GM) dr* + 7 (dH2 +sin’ Hdgoz) (69)

2 2

cr cr
When 1- 26M _ 0, the Schwarzschild radius of black hole R= 26M is
c’r c
derived. The Newtonian second law and gravitational potential function
d*x

—-=-V¢ and (oz—GM

& are used here, thus indicating that the Newtonian
,

2
kinetic energy and potential energy function u? M i also applied. This is
r

why the radius of a “Newtonian black hole” is the same as the radius of a
Schwarzschild black hole in general relativity.
However, the previous section highlights that the Newtonian functions
d*x M
d7=—V(o where (o:—G is not a relativistic form; e, ¢ #—
r r
the strong field, the Newtonian potential function should be replaced using

. In

2

M 1 GM

Q= _{G —E(G ) ] In fact, Einstein used the Newtonian limit to derive
r rc

the constants & that appear in Einstein’s field equations, which may also need to
be revised.

By using the relativistic gravitational potential function (54) and combining

with Equation (66), the correct g, is derived as:

oo :_(I_Giwj (70)

cr

The modified Schwarzschild solution should be written as:
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2 2
cr cr

2 -2
ds? = _(1_ GM) 2de +(1— GM] d +17 (407 +sin’ 0dg?)  (71)

2GM
We can see that the traditional formula g, = —(1 -— j is an approxima-
cr
2 2 2
tion of the modified formula g, = —(1 - Gﬁ\/[] = —{1 oM G4—M2j , where
cr cr c'r

2M2
——— part is small and can be neglected for the weak field.

c'r

. oM\ o . .
Since |1-—; is the Lorenz factor » given in Equation (57), the modi-
cr

fied Schwarzschild solution in Equation (71) can be simply rewritten as:
ds® =—p2c2de” + > dr® + 17 (dé?2 +sin® Hdgoz)

The modified Schwarzschild radius R should be derived from the Equation

2 2
(71) when v? =¢?, 1_V_2:(1_G£\4j =0. Then,
c cr
r=Y (72)
c

This new radius is twice as small as the traditional Schwarzschild radius

2GM ‘M?

——— because in strong fields such as black holes, part cannot be ne-
C

4 2
c'r
glected. The radius in Equation (72) is consistent with the notion of Planck

mass. The standard Compton wavelength A of a particle is given by A= L

me
The Planck mass is defined by m = \/hc/G . The Planck mass is supposed to be

the mass of the smallest possible black hole for which the Compton wavelength
and Schwarzschild radius are the same. If we use the Schwarzschild radius
2Gj\4 , then h 2sz and m =/hc/2G , which differs from the Plank

c mc

R=

mass. If we use the new radius R = G];/[ , then i:% and m=./hc/G,
c mc ¢
which agrees with the Plank mass.
The square of speed of the modified kinetic energy in gravitational Space gra-

26M (GM Y - . .
—(—zj . Then, we get the relativistic speed in gravity as:

2
e /ZGM_(GM) 73)
r cr
2GM
r

e 26M 4
r

which is an approximation of the Equation (73).

. . 2
dientis v- =

r rc

. The

. . . . 2
In Newtonian gravitation and energy conservation, we have v~ =

Newtonian speed is given by:
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v

A plot of the two functions mentioned above is shown in Figure 17.
We can see from this plot that the speed vin Newton’s formula can exceed the

speed of light after the event horizon at Schwarzschild radius R = 2G2M .
c

However, the corrected formula prohibits speed v from exceeding the speed of

light because speed c is the upper limit at new radius R = G_];d After crossing
c

the event horizon at radius R = SA;[
c

, the speed slows to zero (an “Infinity”-like

region). Two infinity points can be derived from Equation (73); that is, one far

away where R=o and another when R :Cz;—]‘f. There is no singularity be-
¢

cause Equation (73) does not allow R=0.
Assume a massive object such as a star that shrinks to the size of a blackhole

(Figure 18(a)). A free fall particle at infinity (# = ) has v? =0. When it enters
g P y

26M  (GM Y’
the star’s gravitational field, the speed squared v’ = G —(G—j is in-
r cr

. S GM
creasing and its size (s =~v/¢’ =V’ =c—

cr
becomes photon as the star continues to shrink into a black hole at the event ho-

) is decreasing. The free fall particle

rizon R :G—Z; then, v’ =c”. The free fall particle continues to fall to “an-
C

other infinity” inside the black holeat R = Z—A;[ and v’ =0.

In fact, the free fall particle is not needed to describe the properties of Space in

gravity. Because the free fall particle has the same size gradient as local Space, it

T 2¢2

R = -7

Figure 17. Plot showing curves of two functions of Newtonian speed and relativistic speed in gravity.
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Free fall particle

r=o|v2=0

~
o -

-

Space size change

r=o0 Qs= cz2—v?=c
(b) (O)
”‘-‘ ‘-\\
- O ~
// ‘Qs: Cz—v?\zc—%
7/ @) cr
/ 9
’ i =
I .
/
1
00 1 0
1N [l
1
\

. /
“infinity” N c<s<0.

Black hole

S
, star N
,/ T infinity—— \\

e ~
-

. .

~ -
Event horizon

~

~
‘_———

Figure 18. Diagrams showing a massive star shrinking to the size of a blackhole.

feels stationary and uniform against the local Space background. Figure 18(b)

. . . GM
depicts the changes in Space size, as s=+/c’ -V’ =c—

cr

, which is also the

speed of light in the gravitational field. When a star collapses into a black hole,
the Space size s =0 at the event horizon, thus implying that the Space itself at
the event horizon becomes a photon or has photon-like properties. The light
stops travelling at the event horizon because the speed of light is also zero. The
clock stops ticking as the ticking time #'=0 and time unit 7’ =o0. In fact, at
the event horizon, Space, Matter and Photon become the same thing, ie. the

size-less mass-units with the maximum kinetic energy and zero potential energy.

Inside the event horizon where R<G—2, the Space size becomes negative
C

s <0. When the radius reaches R :(2;—]\/2[, the Space size becomes minus light
¢

speed s =—c, the Space at this location is another “infinity”.

8. Dark Matter

Dark matter proposed in this study is the Space surrounding massive visible ob-
jects that is more condensed than far away Space. Space and Matter share the
same building block—the mass-unit—but have different densities. The Space has
a size gradient and is not uniform because, as it gets closer to the massive star, it
gets denser. “Denser” means that the mass-unit of Space is smaller in size.
Therefore, the Space close to a star is more like Matter. Dark matter can be

thought of as a spatial extension of visible Matter.
To simplify the calculation, the mass-unit’s size inside the massive star with
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Space size s =
Infinity v=0,s = ¢

*o, dark matter

c2 — p2

Visible matte

mass m, is assumed to be uniform from the surface position r; to the centre of

2 Gm,

=c— . (Figure 19(a), circles are laid

the star and has a size s'=+c? —v

cr,

across radius r, where a circle represents the size of a mass-unit).

In addition, the star’s outer Space, ie., the dark matter m, is assumed to have
a uniform Space size, which is the same as the far away Space size where v=0
and s=c (In Figure 19(a), circles are drawn between locations rand r, where
r'=r—n).

To calculate the amount of dark matter, we allow the mass of the outside
Space shrinking to the same density as the star (Figure 19(b)); therefore, the
outside Space (Z.e., dark matter) has the same properties as visible Matter.

The mass-unit size ratio between the surface at r, and far away location is:

(75)

o,
To bring the dark matter between the surface and location rto have the same

density as the visible Matter, the distance r'must be reduced by l; therefore,
/4

!

the effective radius is (Figure 19(b)). The mass densities p of visible stars
v

and dark matter are the same after shrinking.

m, ym
=0 _’d (76)
7 r
The dark matter’s mass is given by:
Space size s = V¢2 — v?
Infinity v=0, s = ¢
(b)
#... ““ r' 0..’
. * - *
.‘.‘ ’0" O r! “.‘
oA
¢‘; :f ;o (:) )/ na

e, :: (:) ‘:

: H s = :
g K Visible matte s
Q % K
..i. ““ .i.
K . ..'
.' 0‘ ‘0
. dark matter K
0’ ..0 0“

. .
. .
‘e .

- .
.
, ans®
ay Py
LEETET TR L LA

Figure 19. Space is brought to the same density as visible Matter and the dark matter is revealed.
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md:ﬂr_:ﬂ(”‘%j 77)
y1rno v Unh
The total mass is given by:
M:md+mo:ﬂ(r_ro]+mO (78)
Yy h
. 1 Gm, : .
y factorin (75) —=1-——>"isapplied to (78) to get the following
4 re
G - G Gm;
M=|1- zmo /) m0+m0=%1— 2m0+;110 (79)
c'r Ty I ¢’y 'y,
We can incorporate (79) into Newton’s gravity equation and use the orbiting
speed in the simple circular orbit u* = %
r
uzszO 1_szo +G22m§ :Gmo 1_G2mO+G12nO (80)
T c'r cryr A 'y cr
Then, the rotating speed with dark matter is obtained as:
G G G
= |2l -2 2 (81)
A ¢, cr
When r=w,
G G
"= ﬂ[l— 2’”"] (82)
A c'r

The two functions, namely Equation (81) and Newtonian rotating speed

m,

u= are plotted for comparison; the curves are shown in Figure 20.

r

Equation (81) and Figure 20 indicate that the speed of an orbiting object is
primarily determined by the radius of visible stars r;, When r =1y, there is no
dark matter, and the rotating speed is the same as predicted by Newtonian the-
ory. When r increases, the speed does not decrease much. The rotating speed is
constant when r=o0 asindicated in (82). The observed star rotating trajectory
matches well with the speed curve predicted by Equation (81). It should be noted
that Equation (81) is only a rough calculation because it does not take into ac-
count that the Space surrounding a massive object is not uniform but has a size
gradient and that inside of the star is also not uniform. In addition, the new rela-
tivistic gravitation potential is similarly not included in the calculation because

its impact on the weak field of gravity is minor.

9, Conclusion and Discussion

This study highlights that Space, Matter, and Photon are all of the same nature
and are composed of the same mass-units but have different sizes. A mass unit
has interchangeable intrinsic potential energy £, which is connected to size, and

intrinsic kinetic energy E, which is related to motion. It is comparable to the old
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12 14

Figure 20. Plot curves of the two functions: speed including dark maker and Newtonian
speed.

Yin-Yang theory, which holds that the universe is governed by two opposing but
interdependent energies. Similar to Ying and Yang, £, and E, are converted into
one another but the total energy stays the same.

Space has the largest . The speed of light squared ¢ is assigned to both its E,
and E; provided Space is assumed to be stationery and uniform, and E, = E, =c’.
Similarly, for Matter, which is a condensed Space, its E, < E, . When a Matter is
assumed at rest, ¢ is also assigned to both its £, and E,, and E, =E, =c’. Mat-
ter gains a true speed vwhen its size is reduced, which results in its E, =c¢” —v?,
E, =c* +V*. The net kinetic energy AE, is calculated as Amc’ for a matter,

which is equals to the result of subtracting mass-unit’ resting kinetic energy

E, ., from E,_ . = ofthe mass-units at motion, yielding
AE, = E,_,.ion — Ei_,e - Photon is an extreme form of mass-unit whose E; is zero
and E,_ =2c”. The net kinetic energy AE, of a photon is calculated by sub-

tracting the Space’s E, from the intrinsic kinetic energy £, ,,,, of the

= E;_ 4. » Which depends on which loca-

—space

photon, thus yielding AE, =E,

— photon
. . . . 2
tion of space you are talking to. At the far away location since E, . =c”, pho-
> _ 2 : > : : _ 2
ton’s AE, =c°, whereas at even horizon space’s kinetic energy E, . =2¢°,

photon’s AE, =0.

The internal energy conversion was accomplished by shrinking in size while
increasing motion and vice versa. In this study, the case where from energy’s
point of view the speed vis a scalar value with a known origin (exchange energy
between E, and E)) is considered. The definition of “speed v’ herein differs from
the traditional definition for relative speed in SR. If we assume that the ticking
time ¢ is a physical characteristic independent of an observer, then the speed v

should be comparable and relative to light speed ¢, which is absolute and has no
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direction. Because the distinction between those who have speed v (size reduc-
tion, time dilation) and those who are at rest in this situation is absolute rather
than relative, the twin paradox is avoided. It appears that size reduction is the
only source of speed v, and size s was formulated as s =~/c> —v* .

The mass-unit, the fundamental unit of the universe, is viewed as a light clock
that ticks at different rates depending on its size and motion. At event horizon,
Space, Matter and photon merge into the same thing as the sizeless mass-units in
which the clock stops ticking and the mass m'is zero. It appears that time (rate)
and mass m’are linked, with more time implying more mass m. The constant
universal time 7 #¢, on the other hand, is always there, as is mass m,; but the
ticking time ¢ and mass m'that are perceivable by far away observers vanish at
even horizon. Time may be the most fundamental aspect of the Universe. Eve-
rything, including mass and information, is time-dependent or derived from
time.

The mass-unit clock theory allowed us to derive invariant space-time and
space-mass intervals. A modified version of the Minkowski space-time diagram
was used to simply explain time dilation, length contraction, and other Einstein’s
relativity equations. The significant consequence of space-mass interval invari-
ance was the prediction of a new equation of mass-energy relationship and an
explanation for the increase in mass with speed. Thus, it was concluded that one
type of speeding was caused by a decrease in kinetic mass m 'rather than its in-
crease. Although the speed appears universally as a result of size reduction, the
kinetic energy equations for the two scenarios were not the same. Gravity was
associated with “no external force” spontaneous size reduction.

Gravity is a space-size gradient. Because acceleration also causes a space-size
gradient, acceleration and gravity are of the same nature. Newtonian gravity
theory was slightly modified using the “no external force” equation so that the
relativistic Newtonian potential could be applied to general relativity for the
strong field.

A revised black hole was also predicted by the modified Newtonian gravity. It
was observed that the new Schwarzschild radius was two times smaller than the
traditional one when the relativistic Newtonian potential was used, and there
was no singularity. The Space inside the black hole is negative and another infin-
ity was identified. Dark matter was also predicted by the theory. The condensed
Space surrounding a massive object is probably the source of dark matter. Space

may be much heavier than we think.
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