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Abstract: We still do not have satisfactory answers about the inflationary and accelerating expansions
of the universe, the missing mass problem, and the origins of the four fundamental forces and the
quantum phenomena. Here, we introduce a new model of matter and space and a postulate on a
constant of motion, and then show that an equation of motion derived from the constant of motion
could provide new understandings of the above problems. For example, we show that there is a
natural inflation scenario and that the co-moving distance to the closest accelerating supernova is
clearly given as ¢/ (+/3H) (~8.1 billion ly). In addition, we show that, in a system including a proton
and an electron, the equation of motion has eight acceleration terms, some of which are suspected
to be responsible for the four fundamental forces and the galaxy rotation anomaly. From further
discussion, we conjecture that in order to understand the gravitational and strong interactions and
the quantum phenomena, it is necessary to consider the expansion of the universe. The lensing mass
distribution is explained, based on another postulate on a method of representing superposition.

Keywords: gravity; dark energy; dark matter; inflation; fundamental forces; particle-wave duality

1. Introduction

We believe that, in the universe, there is a quantitative order that can be explained by physics.
Where does such a quantitative order come from? Regardless of whether it is right or not, an answer to
this question relies on what model of space we select, because all physical phenomena occur in space.
Roughly speaking, there have been two types of space models: a) 0-based models interpreting the
space as nothing to which the number of zero can be assigned and b) 1-based models opposing this
interpretation. The currently most-widely accepted model is the 0-based model called the atomism,
in which the space is interpreted as an empty (i.e., zero-assigned) void between atoms. However, in
the case that zero, the very special number, is assigned to the space, the space itself can no longer be
treated as a quantitative entity and is completely forgotten in a theorization process. Only by assuming
additional constraints, such as the conservation laws, the least action principle, or the Einstein field
equation (EFE), the space could be incorporated into theories. Nevertheless, this process enables the
space to have some quantitative properties that are limitedly given by such constraints, at best.

Despite the great achievements accomplished based on the atomism, there are still difficulties in
understanding the inflationary and accelerating expansions of the universe[1-3], the missing mass
problem[4-8], and the origins of the four fundamental forces and the quantum phenomenal[9,10]. Thus,
in this article, we will consider a new 1-based space model, in which the whole universe is regarded as
a single kind of real entity itself (hereinafter, "Mach fluid") completely filling a 3-dimensional space
and the apparent difference between matter and space is regarded as a consequence of a difference in
(1-dimensional) density of the Mach fluid (hereinafter, “(1D) Mach density”). It should be noted that, in
this model, the space has inherent quantitative properties, not properties limitedly given by the constraints. In
particular, the reader should pay attention to the fact that, due to such inherent quantitative properties,
the Mach density of the space can be changed not only in space, but also in time. We will show that the
temporal variation of the 1D Mach density is related to most of the above problems.

Before we go on, let us first define some terms to be used in this article. Two observers, Murphy
and Cooper, will be mentioned in this article. Murphy is an actual observer (e.g., in the laboratory) in
the present epoch of the expanding universe, observing a target object (hereinafter, “TARS”). Cooper is
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an imaginary observer who is located at the same point in spacetime as TARS, is instantaneously at
rest with respect to Murphy, not to TARS, and is accelerated with the same acceleration as TARS. It
is obvious that the above requirements for Cooper cannot be satisfied by a single observer, and this
means that Cooper should be interpreted as a theoretical element for parameterization or a group of
observers. TARS, i.e., the target object, may be an electron, a positron, a star, or a galaxy, depending on
what system we select, but in a sense, it corresponds to a free-falling observer in the general theory of
relativity. In this article, we will pay attention to physical descriptions made by Cooper, not by TARS
(i.e., the free-falling observer). This means that we will develop our theory in a manner similar, but
different, to the general theory of relativity (see Appendices A and B). A distribution factor A(r, t), which
is a scalar function defined at every point (r, t) in spacetime, will be used to represent a variation in
space and time of the 1D Mach density. It should be remembered that A(r, t) should be a non-negative
real number (hereinafter, “numerical restriction”) and has an observer-independent property, because
the Mach fluid is supposed as the real entity.

The article is organized as follows. In Sec. 2, we introduce three postulates and derive two
equations of motion, Egs. (8) and (9), which are valid for Cooper and Murphy, respectively. In the first
postulate, we propose a mathematical way of expressing the superposition in a many body system. In
the second postulate, we introduce a quantity, ¢, which will be used as a constant of motion for Cooper.
In the third postulate, we introduce calibration factors, which define ratios between spatial /temporal
lengths in Cooper and Murphy’s frames and are used as parts of the metric tensor. The equation of
motion, Eq. (8), which is valid for Cooper, is derived from the constant of motion ¢, and the equation of
motion, Eq. (9), which is valid for Murphy, is obtained by projecting Eq. (8) onto the Murphy’s frame.
The calibration factors in the postulate 3 are used for this projection. In Sec. 3.1, a system of A = A(t)
will be discussed to explain our results on the inflationary and accelerating expansions of the universe.
In Sec. 3.2, a spherically symmetric static system will be discussed to determine a distribution factor
A(r) producing an inverse square field. In Sec. 3.3, we show that the constant of motion, ¢, is a quantity
associated with the energy conservation law. In Sec. 3.4, we define a pair of distribution factors, A+ (r),
for proton and electron. In Sec. 3.5, we discuss implications of the distribution factors A+ (). In Sec.
3.6, we briefly explain how to understand the quantum phenomena in our approach and then derive
an equation resembling the Schrédinger’s equation. In Sec. 3.7, we explain how to understand the
lensing mass distribution, which is one of observations associated with the missing mass problem,
based on the first postulate. In Sec. 3.8, we show that, in the case that the Mach density is changed
with time (e.g., by the expansion of the universe), the electric force can be split into eight distinct forces.
In Sec. 3.9, we review interesting and perplexing aspects in the results of Sec. 3.8. In Sec. 3.10, we
mention our vague ideas to alleviate the perplexing problems. In Sec. 4, we propose experiments to
test our approach.

2. Theory

In this article, dX%(= dp) and dX’ will be used to represent temporal and spatial lengths in
Cooper’s frame, and dx°(= dt) and dx' (i = 1,2,3) will be used to represent those in Murphy’s frame.
A calibration factor /1, (r, t) will be used to define a ratio between the lengths dX" and dx/, where r
is a position of TARS or Cooper at time ¢ in Murphy’s frame and y = 0,1,2, 3. Retarded time is not
considered in this article, for simplicity.

2.1. Postulate 1 - Mach Principle

The superposition in a many body system is represented by multiplication of distribution factors of
objects constituting the system, not by summation, as follows:

A(r, t) = Ap(r,t) ﬁAi (r—r;t), (1)
i=1
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where n is the number of source objects (i.e., matters) constituting a chosen source system, A; is a
distribution factor of an i-th source object whose characteristic point (e.g., center) is located at r;, and
Ay is a factor representing contributions from all other objects in the universe, except the chosen
source system, on the distribution factor A.

Here, A(r, t) in the left-hand side can be understood as a distribution factor representing a background
space for TARS, and in the same context, Ap(r,f) can be understood as a distribution factor
representing a background space (hereinafter, ‘Machian space’) for the chosen source system. In
this article, a term ‘Machian objects” will be used to refer to all other objects in the universe, except the
chosen source system.

2.2. Postulate 2 - Constant of Motion

For an observer (e.g., Cooper) at the same point in spacetime as TARS, the following proportional
equation is valid.

s(Xi,V, p) = 1[]0/& = constant, and )
2\ —1/2
(V) = (l - ‘;) , )

where V is a three velocity of TARS measured by Cooper: thatis, V.= } ;1,3 %Xi and X; is a
three basis vector in Cooper’s frame. The equation (3) is the Lorentz factor, which is given as a
function of the velocity V. It should be noted that Eq. (2) is valid for Cooper, not for Murphy, and
thus, that the quantity € in Eq. (2) serves as a constant of motion for only Cooper. A further detailed
comment on the postulate 2 can be found in Appendix A. Meantime, in some topics, we will consider a
case, in which TARS and Cooper are located at the same point in spacetime as Murphy (hereinafter,
‘coincidence condition’). Note that, under such a coincidence condition, V becomes equal to a velocity,
V=1Yi123 dd—’fﬁi, measured by Murphy; that is, Cooper’s description becomes equal to Murphy’s
description. The quantity i is introduced to represent a physical quantity associated with TARS, and
it will be regarded as a constant unless otherwise noted.

2.3. Postulate 3 - Metric Tensor

Calibration factors h,, are given as follows:

dX' = hj(r,t)dx',and (4)
cdp =cdt/hy(x,t), (5)

where c is the speed of light, and for a spherically symmetric system, the calibration factors are given
as follows:
ho=h = A(T, i’), hy =r, hz = rsinf (6)

In this article, we will restrict our attention to only three systems of A(t), A(r), and A(r,t). The
gist of the postulate 3 is that, in such three systems, the metric tensor can be diagonalized and the
diagonalized components can be expressed in terms of the distribution factor, as stated by Eq. (6). One
might think that the postulate 3 is reasonable, but in a sense, it is true that it is not rigorous or complete.
A further comment on this issue can be found in Appendix B.
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2.4. Equation of Motion

Using 9y/9V! = (93/c?)Vi and V? = V - V, the total derivative of the constant ¢ in Eq. (2) with
respect to Cooper’s time p gives:

2 2
0:—6V~<ayv+vy—mA>, @)

where u = A(r,t) /1o, A = dV/dp, and V is a gradient operator in Cooper’s frame (i.c., aXl LX) In
general, V is not a zero vector, so Eq. (7) is valid only when the bracketed quantity is equal to 0 and/or
is perpendicular to V. In the former case, we can obtain the following equation (8) from Eq. (7). For
the time being, we will continue our discussion on the basis of Eq. (8), but the reader should remember
that Eq. (7), not Eq. (8), is the equation valid for general cases.

A (ouV <
:W(agvﬁw)' ®)
According to the postulate 2, the trajectory of TARS described by Eq. (8) is valid for Cooper,
but not for Murphy in general. This means that if Murphy uses Eq. (8) as it is, she will observe an
anomalous result. This is because Murphy’s ruler and clock are not calibrated to have validity at a
region of Murphy, not TARS, and this is the gist of the postulate 2 (see Appendix B). According to the
postulate 3, such a calibration can be achieved by using Egs. (4) and (5). For example, by transforming

Eq. (8) to Murphy’s frame using Eqgs. (4) and (5)[11], we obtain the equation of motion, which is valid
for Murphy, as follows (see Appendix C):

d2xk c2 1lou 1 1 ou dxk /1 dhy o dx! dxP
- Gl (R d (L) diddd ©)
dt? u ot h2h2 \ p 9x* dt \ho dt B dt dt

2y gyk s I .
ai]- ;(xl 5 % and the repeated indices, except the calibration factors /i;, mean the summation.

Rewriting Eq. (9) using Eq. (6), we can obtain the equations of motion for a spherically symmetric
system, as follows (see Appendix D):

k
where Fjﬁ =

P I lfLAHleLA 29A 1 o (10)
T w2 A ot AL A or Aor r| A2’
c? 19A, 10A
ag = [VZ — } AT 70— er—i—cosGsquo (11)
2 10A . 10A.
o= |72 =2 R 50§ g0 Fo— 20ty (12

where V2 = A* (2 +r20%/A?) and Q) = 0 + sinf¢.

3. Application and Discussion

3.1. System of A = A(t): Inflationary and Accelerating Expansions of the Universe

Here, we discuss the inflationary and accelerating expansions of the universe, based on Eq. (10).
For brevity, we will restrict our attention to a one-dimensional motion of TARS, under the cosmological
principle (i.e., dyA = 0). Then, we can describe this system using the position-independent distribution
factor A = A(t) and can neglect any angular component in Eq. (10). That is, it is enough to consider
only a difference in A(t) between epochs, in which Cooper and Murphy live. To take such a difference
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into consideration, suppose that Murphy and Cooper are two observers in the present and past epochs,
tp and t < tg, respectively. Then, we can rewrite Eq. (10), as follows:

where d(t) is a projection speed that is obtained by projecting a one-dimensional speed of TARS,
measured by Cooper in the past epoch t, onto the Murphy’s frame in the present epoch t.

Meanwhile, in this system of A = A(t), we can freely choose the positions of Cooper and TARS,
without the constraint of the sameness in space, although Cooper and TARS should be still chosen to
be in the same epoch. Thus, we can define a distance, d(t), from Cooper to TARS, even when TARS is
very far from Cooper. However, if, as stated by the Hubble’s law, the expansion rate of the universe
(i.e., the speed d(t)) depends on the distance d(t), the acceleration d(t) in the above equation should
also vary depending on a distance d(t) to a chosen object (i.e., TARS). We think that the accelerating
expansion of the universe can be explained based on this property of the acceleration d(t).

In detail, let us introduce the scale factor S(t) = d(t)/d., where d. is a co-moving distance between
Cooper and TARS (e.g., a distant supernova). Owing to the cosmological principle, we can freely place
Cooper at the same position as Murphy, and in this case, Murphy has the same co-moving distance. By
definition, the distribution factor is inversely proportional to the scale factor: thatis, A(t) o< 1/5(¢).
Using this, we can define a deceleration parameter 4(t), from Eq. (13), and a time-dependent Hubble
parameter H(t), as follows:

2 2
q(t) = — S(St()igt ( (())Zdz 3), and (14)
S(t) 1 9A(t)
HO =56 = "am o 15)

It should be noted that the sign of the deceleration parameter g(t) relies on the co-moving distance d,
to the chosen supernova. Since, by definition, S(tp) = 1, Eq. (14) states that if we observe a distant
object farther than c/ V3H, we will find a positive value of acceleration. If the Hubble parameter
H(ty) at the present epoch (hereinafter, Hy) is selected as 70 km/s/Mpc[12], the co-moving distance to
such a turning point is 7.6 x 10% m or 8.1 billion ly[13]. Furthermore, Eq. (15) states that the Hubble
parameter H(t) can vary depending on the distribution factor A(t), and this may be a clue to the
discrepancy between two Hubble parameters independently obtained from the cosmic microwave
background (CMB) and supernovae observations[12].

Now, let us discuss the inflationary expansion of the universe. An expansion of the universe
means that d > 0 and 9:A(t) < 0, and, due to the numerical restriction, A(t) should be a non-negative
real number. Thus, the acceleration d in Eq. (13) can be positive, only when

1 def

\fl\()

According to this condition, if 0 < d < v, there is no lasting expansion, and just a small vibration is
allowed. However, if d > v, the inflationary expansion or the big bang can be triggered. At the initial

d(t) > ve(A). (16)

stage of the big bang, A would be a very large value, and this means that the inflationary expansion
could be triggered by even a very small value of d. The inflationary expansion would lead to a fast
decrease of A and a fast increase of d. Nevertheless, during this inflation era, the evolution of the
universe would be substantially dominated by the decrease of A* in Eq. (13), not by the increase
of d2, because A* would be still extremely high and ¢?/d? would be substantially a bounded value.
Thereafter, when A decreased to a sufficiently low value (e.g., roughly of the order of one), the system
could be naturally escaped from the condition of Eq. (16).


https://doi.org/10.20944/preprints202303.0551.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2023 d0i:10.20944/preprints202303.0551.v1

6 of 26

Until now, we have discussed the inflationary and accelerating expansions of the universe only in
terms of acceleration based on Eq. (10)). Thus, in order to see if the above results are compatible with
the existing results, it is necessary to further study these topics on thermodynamics and the like.

3.2. System of A = A(r) : Determining A(r)

We will here determine a distribution factor A of a source object producing an inverse square field
(e.g., the electric or gravitational field). To do this, we will substitute k/r?# into the left-hand side (LHS)
of Eq. (8), where k is k.Q and —GM for the electric and gravitational fields, respectively, k. and G are
the Coulomb and Newton constants, Q and M are an electric charge and a mass of the source object,
and r is the radial distance from the center of the source object. Because of A = A(r), the right-hand
side (RHS) of Eq. (8) has only the radial component of the gradient term. Thus, using the relation
v = eA /g of Eq. (2), Eq. (8) can be written as follows:

2
%f - ;IC\S”Z/:@ (17)
where x = 2/ lp(z). The solutions of this differential equation are:
2kxy (1 1 1172
A(r) =+ Cz(rro)+Aé , (18)

where 1 is a reference position and Ay is a reference value of A defined at rg. By the numerical
restriction on A, the negative solution will be excluded from our discussion. If the references ry and
A are choose as oo and 1, respectively, the positive solution can be written as follows:

—-1/2
Alr) = <1+ 2’”‘) . (19)

rc?

Meanwhile, by the postulate 2, the formula v = eA/yy and Eq. (8) are valid in only the
Cooper’s frame. Thus, Eq. (17) is true under the coincidence condition. Nevertheless, due to its
observer-independent property, A has the same physical meaning, regardless of who is chosen to
determine it. By analogy, even when a balloon has a size varying with height, it is possible to uniquely
determine the geometry of a mountain, if a specific balloon (e.g., at a specific height) is solely used.
Mathematically, this means that a relationship between A and A, described by Cooper and Murphy,
respectively, is given by A¢(r,t) = c1Ay(r, t), where c; is a ratio specifically given based on their
positions in spacetime. Here, since c; is canceled in each term in RHS of Eq. (8), it does not affect the
actual calculation. Thus, even if A is obtained under the coincidence condition, it can be validly used
for in our discussion.

3.3. Physical Meanings of the Constant of Motion €

Here, we will discuss the physical meanings of the constant of motion ¢, based on the above
results. Using Egs. (2) and (19), we can obtain the following formula.

V2 zk}”2

LY r _
BT .

¥o zre? @0)


https://doi.org/10.20944/preprints202303.0551.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2023 d0i:10.20944/preprints202303.0551.v1

7 of 26

Here, we will again neglect the negative solution! of Eq. (20). Multiplying both sides of the positive
solution of Eq. (20) by moc? and expanding the RHS in series, we find

km

1 1
E= meVz + TO + O(V4, 77), (21)

2

where E = moc?(,/x — 1). This result shows that we can say that, just as vy is a dimensionless number
associated with a relativistic kinetic energy of an object with unit mass, € and A are dimensionless
numbers associated with a relativistic total energy (including a rest energy, mgc?) and a relativistic
potential energy, respectively, for a system of ¢y = 1. That is, we can say that Eq. (2) or (20) is another
expression of the energy conservation law.

3.4. Distribution Factors of Proton and Electron

If x =1and k = —GM, the RHS of Eq. (19) is the very factor characterizing the Schwarzschild
solution[14], and thus, we can immediately construct the Schwarzschild metric from Egs. (4), (5), (6),
and (19). Moreover, we also find that, in the case of 9;:A = 0, the equations of motion (10) to (12) are
similar to, but slightly different from, those for the Schwarzschild system in the general relativity[15].
However, we will trace the route of k = k.Q, instead of k = —GM, because one of d;A-containing
terms in Eq. (10) exhibits gravity-like behaviors, as will be described below. If this route is right, it
implies that the 9; A factor (e.g., caused by the expansion of the universe), not a usually-expected ;A
factor, is responsible for the gravity.

To go this route, let us first consider the cases of Q = +e (e = 1.602 x 10-1°C). Then, Eq. (19) is
written as follows:

2k.e x) -1/2

rc2

As(r) = <1 + (22)
The reader can find that the plotting curves of A+ (r) are asymmetric about the reference value Ag:
ie, |A_(r) —1| # |A4+(r) — 1. This is analogous to the fact that there is a difference in mass between
proton and electron that have opposite electric charges. Also, A_(r) has a singularity at r; = 2keex /c?
and has an imaginary value in the inner region (r < rs), but A (r) does not. Considering that the
numerical restriction prohibits an imaginary value of A, it looks as if an internal structure is required
to prevent the imaginary value of A_(r). Furthermore, if the inverse square field is natural in the
3-dimensional space, it will be natural to regard Eq. (22) obtained therefrom as the most fundamental
distribution factors (e.g., for the stable particles)?. For these reasons, we will regard A_(r) and A ()
as the distribution factors of proton and electron and will interpret the electric charge (Q) and the mass
(m) as numbers associated with the sign and value of the quantity (A —1).

3.5. Implications of Equation (22)

The above interpretation forces us to regard the proton or electron as a 3D ubiquitous object
existing throughout the universe, not as a point-particle. Indeed, this is just the very result required by
our space model. According to this picture, each object interacts with all other objects in the universe,
because it has not only an observable part (i.e., matter) but also an unobservable prevailing part.
Although this picture may look very weird in the classical point of view, it seems to be compatible
with the quantum mechanical point of view. Rather, this picture may alleviate the fundamental
difficulty in understanding the quantum phenomena, such as the wave-particle duality (especially, the

This quantity is related to a total energy of a system, as will be shown below. In this sense, it seems necessary to further
examine the negative solution in the context of Dirac’s work on the antimatter.

Although not discussed further here, the broken vacuum symmetry and the matter-antimatter asymmetry may be closely
related to the facts that A has a non-vanishing positive value (i.e., 1) asymmetrically deviated from a notional vacuum
value (i.e., 0) and that the two functions A+ (r), which are asymmetrical about Ay and are assigned to proton and electron,
are likely to be the most stable forms.
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self-interaction of single electrons in the double slit experiment[16]). Furthermore, this picture allows us
to avoid the unnatural interpretation, which states that a 0-dimensional point particle has "intrinsic
properties” such as mass, spin, and charge, although such an interpretation was inevitable under the
existing atomism. For example, according to this picture, each object is a 3D ubiquitous structure with
a very large (in fact, infinite) degree of freedom, and this allows us to correlate a number of physical
properties in each object with a 3-dimensional structure given by Eq. (22), instead of relying on an
unnatural expression of “intrinsic’. In this case, it would be natural to interpret some fundamental
quantities, such as mass, charge, and spin, as being related to structural stability of each particle under
the cosmic-scale interaction with all other objects.

Considering the cosmic-scale interaction of each object, behaviors of each object could be
completely comprehended, only when the object is described as a whole, not just an observable
part (i.e., matter). In this context, it is clear that ¢y in Eq. (2) is an oversimplified description for TARS
and that such a particle-based description, which describes only the observable part of the object using
a constant ¢y, cannot be true, although it is inevitable. In order to correctly describe the motion of TARS
as a whole, it would be necessary to restore ¢ to ¢ (r, t). Although, as of now, it is unclear whether
P(r,t) corresponds to the distribution factor of TARS, we will assume that such a restoration gives a
correct result, and the topic of quantum mechanics below will be discussed, under this assumption.

3.6. Quantum Phenomena : Implications of Equation (7)

The reader will know that our results on the expansions of the universe are closely related to the
quantity of A~19;A in Eq. (7). In a sense, such discussions are related to the collective or time-averaged
behavior of A~19; A in a many body system, in that an astronomical object is made of many elementary
particles. Here, we will discuss the instantaneous behaviors of A~19;A of an elementary particle. To
do this, we will assume that the restoration ¢g — (r, t) gives the more correct result, as mentioned
above, and, for brevity, the source system is composed of a single object. Furthermore, we will discuss
this topic under the coincidence condition, because what we want to know here is just the physical
meanings of Eq. (7), not exact calculation. Using Egs. (1) and (2) under the coincidence condition, we
can rewrite Eq. (7), as follow:

oA, 19y 1 9Am) _ (1P 1
<As o pat | Aw ot >_V (c2a W VH) @3)

where A; is a distribution factor of the source system and V is the gradient operator. From Eq. (15),
we know that the LHS of Eq. (23) (especially, the third term) will be affected by the expansion of the
universe. In addition to an effect by such a cosmic expansion, according to Eq. (1), the first to third
terms in LHS of Eq. (23) will also be affected by each of changes in position and distribution factor of
the source, target (TARS), and Machian objects. For example, a change in position of any object having
a non-uniform distribution factor leads to a change in the total distribution factor. This means that,
in general, the LHS of Eq. (23) is neither zero nor constant: that is, there is a ceaseless fluctuation in
every point of space. This fluctuation in the value of the LHS of Eq. (23) will be used as an argument to
explain an aspect of the gravitational force.

Meanwhile, for some reasons, it seems that Eq. (7) or (23) is related to the quantum phenomena.
For example, since this equation is a direction-independent scalar equation, it allows for a certain
freedom in direction of motion of TARS, unexpected in the classical physics, as long as the motion
satisfies the scalar condition given by Eq. (23) or the energy conservation required by Eq. (2) or (20). In
classical physics, v, a, and Vi are causally-connected vector quantities, and thus, for a free-falling
object, if the LHS of Eq. (23) is zero, the cancellation of the common factor [v-] in Eq. (23) may be
allowed, as in Eq. (8). However, if the LHS of Eq. (23) is not zero as stated above, such a cancellation
will not be allowed in general. This means that the scalar equation (7), not the vector equation (8),
should be used to more correctly describe the universe. Furthermore, this seems to imply that the
causality in direction may be an illusory notion (e.g., resulting from our experience in the macroscopic
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world or the collective objects) and that the difficulties in understanding the quantum phenomena
may perhaps be due, at least in part, to our belief on causality in direction.

If Eq. (23) is correct, we might be able to derive the equations of quantum mechanics from Eq. (23),
because the quantum mechanics gives more correct results for such a microscopic object. We can find
one clue for this, from Egs. (20) and (21). That is, changing ¢ to §(r, t), using the formula x = g/mjg
for TARS, and using the operators (i.e., iid; = E and —ifidy = Py) for a plane wave, we can get the
following equation, from Egs. (20) and (21), under the coincidence condition.

2
in 2 p(a, 1) = (— T vy ”7") pl ). @9

2myg Xr

Although this equation resembles the Schrodinger’s equation[21], it is true that there are some vague
aspects associated with physical meanings of ¢ and x and so further study is needed.

3.7. Missing Mass Problem: Lensing Mass Distribution

This problem is related to two different types of observations: 1) the galaxy rotation anomaly[4,5]
and 2) the lensing mass distribution[6—-8]. Here, we will first discuss the lensing mass distribution,
based on the postulate 1, and then discuss the galaxy rotation anomaly in the issue [A3] of Sec. 3.9.
According to the conventional (i.e., sum-based) representation of superposition, the total gravitational
potential of a galaxy is expressed by Vi = Y/ ; V;, where V; = —k;/|r — r;|. This means that objects
(e.g., stars or atoms) in the galaxy contribute independently to the total gravitational potential V. By
contrast, according to the multiplicative representation of superposition required by the postulate 1,
the total distribution factor of the galaxy is expressed by Ag = [TiL; A, if Ay = 1in Eq. (1) for brevity.
This implies that each object reveals its presence (i.e., A\;) as a ratio to a background distribution factor
made by all other objects constituting the galaxy.

Note that (Ag — 1)c? — |Vg| > 0 always. This means that there is a boosting effect. It should be
noted that, according to our multiplicative representation, the greater the background distribution
factor at a position of each object, the larger the overall boosting effect. This means that a high-A
region (e.g., in the vicinity of a black hole or in a region of densely-crowded stars) serves as a boosting
seed causing a significant increase of Ag. By contrast, for a dilute gas structure, even if it has a large
total mass, a boosting effect caused thereby is negligible, because a distance between atoms is too
large. This model including the boosting effect allows us to explain why the lensing effect in the bullet
cluster[6] is overlapped with the galaxies, not with the dilute hot gas, and probably why there is a
large difference in dark matter amount between Dragonfly 44 and NGC 1052-DF2[7,8] (if they have a
large difference in compactness).

3.8. System of A = A(r, t): Eight Separate Forces

We now calculate a radial acceleration (i.e., Eq. (10)), which is exerted on one electron or positron
located near one proton, in the present epoch in the expanding universe. Note that, in our 1-based
model, this system should be treated as a three-body system including the Machian space, in addition
to proton and electron.

To calculate Eq. (10), we should know A1, A, A719;A, and A2. To simplify this calculation, let us
place the source object (i.e., proton) at the origin of a spherical coordinate system. Then, Eq. (1) for this
system can be written as A(r,t) = Ap(r,t)Ap(r, t), where Ap(r,t) and Ay (r, t) are time-dependent
distribution factors of the Machian space and the proton.

Next, to reduce the difficulty in calculating Eq. (10), we will make some assumptions on Ay
and A,. First, suppose that each of Ay and A, can be separated into spatial and temporal parts
(e, App = Sm(r)Tam(t) and Ay = Sp(r) Ty (t)). Second, suppose that the spatial parts of the Machian
space and the proton are homogeneous and spherically symmetric, respectively (i.e., Sy (r) = 1 and
Sp(r) = Sp(r))- Then, we find A = Ty (t)T,()S,(r) and A~19,A = 5,19,5),.
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Our next goal is to determine A719;A. From Eq. (15), we know TAjllatTM = —Hy under the
cosmological principle, but strictly speaking, we don’t know instantaneous values of TA}latTM and
Tp_ 18tTp. Thus, let us suppose that A~19;Aisin proportion to the Hubble constant Hy (i.e., ATQA =
«Hyp). Here, it should be noted that, due to the ceaselessly changing property of the LHS of Eq. (23)
stated above, the parameter « should also be a ceaselessly changing value.

Lastly, in the present epoch, Ty (to) = Tp(to) = 1, and thus, we can say that A(7, t)|i=t, = Sp(7).
The spatial part of the source system, S,(r), can be expressed using A_(r) of Eq. (22), and thus, the
RHS of Eq. (10) can be split into eight terms, as follows:

k22, 4k 4k?
ar = 2 + B2 + c“a HyW, + 0(H0Wr7 + aHOWrm
ko? v2
— 3aHyv, — 3ﬁs§, + 7“5,, 2 and (25)

Oy
e R a—— 26
T2 4 028,2 26)
where k = keex and v, and v, are radial and angular velocities, respectively, of TARS (i.e., electron or
positron). From now, the eight terms in RHS will be referred to as a; to ag, respectively, in the listed
order, for brevity.

3.9. Interesting and Perplexing Aspects of Egs. (25) and (26)

There are interesting and perplexing aspects in Egs. (25) and (26). To begin with, note that the
W;-including terms in Eq. (25) cause an infinite acceleration for TARS, which is at rest with respect
to the source object, because the W, factor of Eq. (26) includes a velocity in denominator. If a small
velocity is neglected as usual, this infinite acceleration is problematic. However, we can find some
phenomena, which hinder TARS from having a zero velocity, in the physical world. Examples are
1) Hubble velocity vy, 2) thermal velocity v, and 3) orbital and rotation velocities vp and vg of an
object or its part. Here, note that the Hubble velocity is special in that, unlike other velocities, it has an
everlastingly non-zero value as long as the universe expands.

Thus, it is necessary to find a way of incorporating the Hubble velocity into the theory. If A is
spatially flat, an effect caused by the Hubble expansion[17] will be canceled somehow; otherwise, it
will remain anisotropically. Then, can such an effect be formulated by Hubble’s law? For the present,
this is somewhat unclear, so we will assume that such an effect can be described in terms of vy = pHyr
and vy = 7 + vy, where B is an unknown parameter, v, and 7 are resultant and coordinate velocities,
respectively, of TARS in the radial direction, and r is a center-to-center distance between TARS and the
source (i.e., the proton here) of the anisotropy. Here, 7 will be given as a sum of vr, vp, vg, and so forth.

Now, let us consider Figs. 1 and 2, obtained by plotting Eq. (25). The physical constants and
parameters used in the plotting are as follows: ¢ = 3.0 x 10% m/s, k., = 8.987 x 10° Nm2C~2, ¢ =
1.602 x 107 C, Hy = 2.2 x 1078571, x = 1.759 x 10" C/kg, « = —0.1, B = 1, # = ¢/1000 (in Fig. 1)
and 0 m/s (in Fig. 2), and v, = 0. Mathematica codes, which were used for this plotting, can be found
in Appendices E and F.

From Figs. 1 and 2, we can find some interesting aspects, as follows:

[A1] Based on three intersection points at r; ~ 5.6 x 107 %m, rp ~ 1.4 x 10%m, and r3 ~ 7.6 x 10%®m,
the whole space can be divided into four distinct shells S-I to S-IV, which are governed by
different terms ay, a1, a3, and ag, respectively.

[A2] The total acceleration in the shell S-1V is positive, as discussed in Sec. 3.1. Meanwhile, using
the mathematica codes, one can find that, in order to obtain such a positive acceleration and the
distance of 8.1 billion ly (calculated in Sec. 3.1) as the value of r3, the parameter g should be a
value close to +1, as assumed for the plotting. Thus, hereinafter, we will refer to the value of B as
+1. In addition, since, except for the value of 3, most of the results discussed in this article are
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less sensitive to the value of B, we will suppose that this choice is valid. This means that we will
use the Hubble’s law as it is.

The total acceleration in the shell S-III has an almost constant negative value. According to
Newtonian physics, this gives the result of vsy, ~ +/r, which may allow us to explain the
galaxy rotation anomaly[18], without invoking the dark matter hypothesis[19]. Meanwhile, the
above-stated boosting effect will make the gradient of the distribution factor steeper, and thus,
this effect may also be partly responsible for the galaxy rotation anomaly.

Aty = 10716, a ratio between strengths of the curves 2,1, 7, and 5is about 1 : 10~2:10-8:10°38
that is similar to that between the known four fundamental forces. Based on this clue, hereinafter,
we will examine whether a, a1, a7, and a5 can be interpreted as the strong, electric, weak, and
gravitational terms.

In particular, the term a5 obeys the law of inverse square and has a direction independent of the
sign of electric charge, because it is written in the form of k? /72. Especially, it should be noted
that, despite the fact that the Newton constant is not used to plot the curve 5, the curve 5 is
plotted along and very close to a reference line G showing the gravitational field of the proton,
as shown in Fig. 1. In this sense, we can strongly suspect that the term a5 is responsible for the
gravitational force.

doi:10.20944/preprints202303.0551.v1
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Figure 1. Accelerations versus radial distance. The numbers indicated near the curves show the
orders of the relevant terms written in Eq. (25), but the eighth term is omitted. Repulsive and attractive
accelerations are plotted with dotted and solid lines, respectively. The thick solid lines indicated by
the letter “T” represent the total acceleration (blue-repulsive, red-attractive). The dashed line indicated
by the letter ‘G’ is separately added, for comparison with the gravitational field. An electron and a
positron are chosen as TARS in left and right panels, respectively. Based on three intersection points
r1, 12, and r3, the whole space is divided into four shells S-I to S-IV. Under the condition presented in
the box, the terms a5, a1, a3, and a4 are dominant in S-I to S-1V, respectively. However, according to
Eq. (25), behaviors of the terms a3 to a5 depend on parameters 7, v,, &, and B.
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Figure 2. Accelerations at i = v, = 0. The terms a; and a5 are dominant in the shell S-I, and the term
a3 is dominant in the shells S-1 and S-1II. When & = —1, the term a5 is two times larger than the term a;.
The larger the absolute value of «, the larger the difference between the terms a; and a5, and this shows
that an asymptotic freedom in the shell S-I could be realized through a time-averaged combination of
the terms a; and as.

However, we can also find some perplexing aspects, as follows:

[B1] In the shell S-11I, the term a3 is excessively high, compared with the reasonable value (e.g., of
about 1071% /s in the MOND theory[20]). Similarly, there is a slight discrepancy in strength
between the curves 5 and G.

[B2] The point rq is slightly different from the known proton radius 0.8 x 10~ 15m

[B3] There is an issue in direction of each of the terms a5, a3, and as. In detail, the term a; is always
repulsive, and thus, it is clear that the strong force cannot be explained by the term a, alone.
Also, the terms a3 and a5 are attractive or repulsive, depending on a sign of aW,, although they
are independent of the sign of electric charge. This means that there are difficulties in explaining
the galaxy rotation anomaly and the gravitational force through the terms a3 and as.

[B4] At the moment, it is unclear that the term ay is responsible for the weak force.

3.10. Some Possibilities for Perplexing Aspects

With regard to the issue [B1], the mentioned differences can be reduced or eliminated by adjusting
the values of & and #, as exemplarily shown in Fig. 3. If so, why should they be such values? Our ideas
on this topic will be mentioned in the following discussion on the issue [B3].

With regard to the issue [B2], we have not considered the substructure (i.e., quarks) of the proton.
This means that there is a chance of solving this issue and that further research is needed.

With regard to the issue [B3], although, as stated above, the always-repulsive second term a; alone
cannot explain the strong force, this problem can be alleviated, if the repulsive term a; is overwhelmed
by any other attractive term. Fortunately, there seems to be such a term. For example, the repulsive
term ay is overwhelmed by the attractive term as, if « < —1/2 for # = v, = 0 (see Fig. 2) or & < 0 for
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# = —Hpr and v, = 0. This overwhelming condition can be satisfied for a short time period (although
not always), if the neglected velocities v, vp, and vg are considered, but if —« is sufficiently large
in the shell S-1, the term a5 can suppress the term a; in a time-averaged manner. For this reason,
we conjecture that the strong force or the asymptotic freedom in the shell S-I would be related to a

time-averaged behavior of the combined terms a5 and aj.
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Figure 3. Dependence of a3 and as on & and t. The larger the values of |x| and #, the stronger the

terms a3 and as. The curve of the term a3 has a ridge near 10?3

m, due to the non-zero angular speed
vs, and has a substantially flat part, which provides a clue to the galaxy rotation anomaly, between an
intersection point 17 of a3 and a5 (at 1.7 1020 m) and the ridge. Note that the depicted strength of the
term a5 is calculated by the conventional sum-based superposition (i.e., by multiplying the strength
of a5 (produced by a single proton) by the number (10%%) of protons constituting a galaxy), not by the

proposed multiplicative superposition.

Meanwhile, in order to explain the galaxy rotation anomaly in the shell S-1II, the parameter « is
expected to be a small value (e.g., of about —0.01) (see Fig. 3). This means that the parameter a has
different values in the shells S-I and S-1III; that is, in order to explain both of the strong force in S-1
and the galaxy rotation anomaly in S-1III, the parameter « should depend on distance. In this regard,
it would be worth noting the facts that a difference in A-value between the primordial and present
epochs is similar to that between the shells S-I and S-IIT and that there is a difference in A~19;A or a
between the primordial and present epochs (see Eq. (15)). Based on these similarities, we conjecture
that there will be a difference in A~19;A or a between the shells S-I1 and S-III. This means that the
dependence of & on distance could be true, but it is also true that further research is needed.

Next, in order to make the terms a3 and a5 attractive, a/ (7 + Hor) (for v, = 0) or aW, (for general
cases) should be negative (see Egs. (25) and (26)) 3. This means that the parameter a should have
dependence on the velocity of TARS or time. In this regard, it should be noted that the LHS of Eq. (23)
is generally neither zero nor constant. This shows that the parameter a can be changed with time.

3 Indeed, the term a4 also has the same direction issue.
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Thus, if we found a solution for a from Eq. (7) or (23), we could further examine whether there is
a story capable of explaining the gravitational and strong forces. As of now, we can just conjecture
that the Hubble expansion and the quantum phenomena, which affect the LHS of Eq. (23), are closely
related to the gravitational and strong forces.

With regard to the directions of the terms a3 and as, there is another possibility, even when the
parameter « has a fixed sign. Due to the Hubble expansion effect, the W, factor of Eq. (26) is symmetric
about a line of # = —Hyr, which is offset from an intuitively natural line of # = 0. In the W,-containing
terms a3 to a5, symmetric effects about the line of # = 0 will be canceled, and only asymmetric effects
will be left as a non-vanishing acceleration. Due to such a remnant asymmetric acceleration effect by
the W, factor, the term a5 would have a fixed direction in a time-averaged behavior, although not in an
instantaneous behavior, if the parameter « has a fixed sign. However, if this scenario is true, it means
that we have to abandon our belief that a gravitational force exerted on a single elementary particle has
a fixed direction always; in other words, the direction of the gravitational force may be a time-averaged
property of a collective object, which is composed of a number of particles. Of course, in order to know
whether this scenario is true, it is necessary to formulate the time-averaged or collective behavior of
the remnant asymmetric effect in the W,-containing terms a3 to as. Although I have failed to formulate
this, this scenario seems plausible, at least until now, in that there has been no gravity experiment
for a single particle[22]. In addition, this scenario may be somewhat related to the emergent gravity
theories[23,24].

Meanwhile, there is an elusive, but, interesting aspect on the infinite acceleration at # = —Hyr.
For example, it seems to require a step of kicking an object with the infinite acceleration, in a
velocity-changing process. This means that the velocity is changed in a stepwise manner. Presumably,
the kicking step of the infinite acceleration may be an underlying cause of the wave nature of matter,
which is the most fundamental difficulty in understanding the quantum phenomena, and/or of the
bosenova phenomenon[25].

With regard to the issue [B4], due to its S,(r)? (i.e., A_(r)?) factor, the term a7 is stronger than
any other terms near the point r; and is attractive and repulsive inside and outside the point 7y, as
shown in the small box of Fig. 1. Here, due to the fact that the term ay has opposite directions inside
and outside the point r{, we can say that the term a; serves as an outward pulling force on the point r;
and leads to a reduction in stability of the object, under a certain condition. Also, due to the fact that
the term ay is stronger than any other terms near the point r{, we can say that the term a7 possesses the
ability to cause a decay of the object, beyond the reduction in stability, under a certain condition. In
this sense, we conjecture that if we take the chirality of a particle, as the mentioned condition, into
consideration, we might find something related to the beta decay or the weak interaction.

4. Proposal of Experimental Tests

Now, we propose experimental tests to verify our approach. First, according to our results, in the
shell S-III beyond r», the electric field (i.e., a1) is overwhelmed by the term a3 mentioned to explain the
galaxy rotation curve (see Fig. 1). Although it depends on the parameters, the presence of such an
inflection point 7, has not been expected in most of the fundamental theories, except for the MOND
theory, and thus, our approach can be decisively tested by examining whether ; is present or not.
Second, the terms a3 to a5 give very large accelerations at a very small velocity (i.e., low temperature),
because of the W, factor. Especially, such accelerations would be changed abruptly from +co to —oco
or vice versa, at a special velocity of 7 = —Hpr and v, = 0 or at a corresponding temperature, if the
parameter « has a fixed sign. This large acceleration or its abrupt change could be easily measured.
Perhaps, this process may be related to the Bosenova phenomenon[25], mentioned above.

5. Conclusions

Until now, we have tried to convince the reader that our approach based on the proportional
equation and the multiplicative superposition can provide new clues to some fundamental problems.
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For example, by considering the temporal variation of the distribution factor, we have shown that
there are meaningful clues to the cosmological problems, such as the inflationary and accelerating
expansions of the universe and the missing mass problem, and that the electric force can be split into
eight distinct forces. However, it is true that there are still some unclear aspects in our approach on
gravity and quantum physics. Thus, in order to know whether they are true clues, it is necessary to
conduct further research in the context of the existing physics, such as thermodynamics and field
theories, in addition to the proposed experimental tests. We think that understanding Eq. (7) or (23)
would be important in this process.

Acknowledgments: Iam sincerely grateful to Lee, ].P. for his lecture, allowing me to escape a problem that I had
been trapped for 20 years.

Appendix A. Comments on Postulate 2

Roughly speaking, our approach (hereinafter, OA) will be developed in a similar way to the
general relativity (GR), except for a difference in interpretation of nature of matter and space (i.e.,
in the space model) and a difference in formulation method originated from that. Because of such
differences in space model and formulation method, there is also a difference in starting points (i.e.,
postulates) between GR and OA. Although a postulate is a statement that is taken to be true, if it
is written in a form different from that in a successful known theory, it may be difficult to agree to
the postulate immediately. Thus, in order to reduce misunderstanding associated with the difference
between postulates, here we will briefly review the similarities and differences between GR and OA
and then explain why such differences are necessary.

e Summary of GR and OA

In GR, from the following equation (A1) representing the equivalence principle, we obtain an
equation of motion (A2), which can describe a trajectory of an object to be observed by an observer in
the laboratory. This process is substantially a coordinate transformation process, in which the chain
rule is used, and the Christoffel symbols of Eq. (A2) are calculated using a metric tensor. In a sense, the
use of chain rule and metric tensor can be understood as a process of projecting Eq. (A1) or (A2) onto a
reference frame of the laboratory observer.

2z
E;fz =0, and (A1)
d?x? A dxt v dxt dxY dx?
TR i el T el Tl T (A2)

In OA, from the following equation (A3) given as a postulate, we obtain an equation of motion
(A4) valid for Cooper. Next, we obtain an equation of motion (A5) valid for Murphy or the laboratory
observer, from Eq. (A4). Here, the derivation of Eq. (A5) is a coordinate transformation process, in
which the chain rule is used, and the Christoffel symbols and V? in Eq. (A5) are calculated using a
metric tensor. (See Appendices C and D.) As in the case of GR, the use of chain rule and metric tensor
can be understood as a process of projecting Cooper’s description onto Murphy’s frame.

» (V)
(X, V,p) = l[)()m = constant, (A3)
2 ou'v -
= 7}1’72 [apv2 + Vy] , and (A4)
2k 2 | f1ou\ oF 1 (109 dxk (1 dh dx dxP
= |5 )tz ) | -5 (e ) T o (A5)
dt 2 | \pwot) V2" mZn2 \pox dt \ hg dt B dr dt

e Similarities and differences between GR and OA
There are at least two common points between GR and OA.
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(C1) Starting equations (A1) and (A3) are supposed to be valid for a specific observer (i.e., for a free
falling observer in GR and for Cooper in OA) in only a small or local region in the spacetime.

(C2) A metric tensor is used to project the starting equation onto a reference frame of the laboratory
observer (i.e., Murphy).

There are at least three different points between GR and OA.

(D1) There is a difference in form between the starting equations (A1) and (A3)).

(D2) There is a difference in physical state between chosen observers, for whom the starting equations
are valid.

(D3) There is a difference in physical meanings of the metric tensor. This topic will be explained in
Appendix B.

e Difference in physical state between observers and its implications

Now, we will explain differences in physical state between three observers, which will be
mentioned in OA or GR. Here, the free falling observer in GR corresponds to TARS in OA, so hereinafter
he or she will be referred to as TARS.

The physical state of each observer can be definitely specified by position, velocity, and
acceleration. In this article, Murphy is supposed as an observer at rest in the laboratory, for convenience,
although, in general, she can be in an arbitrary state. Thus, there may be differences in all of position,
velocity, and acceleration between TARS and Murphy. By contrast, according to the definition given
for Cooper, there may be a difference in only velocity between Cooper and TARS, and there may be
differences in only position and acceleration between Cooper and Murphy. That is, by introducing
Cooper, we can decompose the differences in observers physical state into two parts: a difference in
position and differences in velocity and acceleration.

Here, it should be noted that only the difference in velocity is allowed between Cooper and TARS.
Considering this difference in velocity allowed between Cooper and TARS, it is natural that there
is a difference in form between the starting equations for Cooper and TARS, mentioned above. The
starting equation (A1) in GR states that the velocity of the target object measured by TARS is zero
(i.e., constant), but Cooper can no longer say the constancy in velocity of the target object, because a
velocity measured by Cooper can be constantly changed. That is, the starting equation (A1) in GR is
no longer valid for Cooper.
¢ Constant of motion

Meanwhile, finding a constant of motion, such as the constancy in velocity given by Eq. (A1),
is very useful in physics, and this is true for Cooper’s description. As noted above, the velocity (i.e.,
state of motion) of the target object observed by Cooper is not fixed. If such a change in velocity
is unavoidable in Cooper’s description, it is necessary to find the constant of motion for Cooper
elsewhere. We will find it from the causality principle, which states that a change in cause produces a
change in effect. From a causal point of view, we can say that a change in velocity is closely related to
a change in effect produced by a change in cause. This means that Cooper has a chance to find the
constant of motion from a certain combination of the changes in cause and effect.

If so, next issues are to determine how to express each of the changes in cause and effect and how
to combine them. Probably, these issues will correspond to metaphysical questions, which cannot be
answered within physics. Thus, as stated by Eq. (A3), we will postulate that 1) the changes in cause
and effect can be properly described using the Lorentz and distribution factors, respectively and 2) we
can have a truly correct answer if and only if a ratio, not a sum, is selected as a mathematical method
of combining the Lorentz and distribution factors and the ratio is supposed to be constant.

It is worth noting that, in GR, a change in cause is given based on an additional constraint (i.e., the
Einstein field equation) not by the starting equation itself (i.e., the geodesic equation), while, in OA, the
starting equation (i.e., Eq. (A3)) is represented through the combination of changes in cause and effect.

One might find that, except for the differences in physical quantities representing the cause and
effect and in the mathematical method of combining them, the expression of Eq. (A3) is closely related
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to the energy conservation law in classical physics. This finding is true, and we will find in Sec. 3.3
that Eq. (A3) is another expression of the energy conservation law.

Appendix B. Comments on Postulate 3

Here, we explain a basic method of constructing a metric tensor, based on the inherent quantitative
properties of the Mach fluid. This is intended to show that the metric tensor can have an alternative
physical meaning, under our 1-based space model. However, this method is not mature enough to
allow for comprehensive discussions on general systems or three systems to be discussed in this article,
and it is necessary to generalize this method through a more rigorous mathematical approach. Due to
this limitation, we have no choice but to introduce Egs. (4)-(6) as the postulate 3, and we hope that,
from the following explanation, the reader can find that the postulate 3 is reasonable or is close to true,
and moreover, that someone can find a more general theory.

The reader will find that a term "the same Mach quantity” is used as a keyword in our
discussion below. This is because our discussion is based on an underlying principle (hereinafter,
same-phenomenon-same-quantity (SPSQ) principle), which states that the Mach quantity involved in
the same physical phenomenon is the same. It can be said that the method described here is part of the
process of formulating the SPSQ principle.

The Mach density p mentioned in the main text can be defined as a quantity of Mach fluid that is
contained in a three-dimensional box with a given volume (i.e., p = Q/V). By fixing one of Q and V
and examining a change of the other, we can describe a change in Mach density. In this article, the
change of Mach density will be described in a manner of fixing the Mach quantity to Qg and examining
a spatial and temporal variation of the volume. That is, p(r, t) = Qo/V (r, t).
¢ Ratios between spatial lengths: Eq. (4) in the main text

First, let us choose a rectangular box as the three-dimensional box, which will be used to define
the volume V (r, t). Then, the rectangular box’s volume V(r, t) at an arbitrary point (r,t) in spacetime
is given as the product of lengths, &;, of three orthogonal sides of the rectangular box: i.e., V(r,t) =
[T, &(r,t), where i = 1,2,3. Next, suppose that two rectangular boxes are respectively located at
reference and arbitrary points (ro, tg) and (r, f) in spacetime. Then, due to the requirement of the same
Mach quantity, the boxes may have different volumes. In this case, ratios between the side lengths of
the boxes can be described by scale factors s;(r, t), as follows.

&;(r, ) = si(r,t)&;(ro, fo). (A6)

Here, due to the requirement of the same Mach quantity, we can impose the following constraint on
the scale factors s;(r, t): p(r,t) = po/ H?:l si(r,t), where pg = Qo/ H?Zl &;(xo, to)-

Next, the three orthogonal sides of each box can be used as three spatial basis vectors for an
orthogonal reference frame, at a region where the box is located. For convenience, let us introduce a
new factor (hereinafter, a distribution factor) of A;(r, t) = 1/s;(r, t). Then, we can write the relationship
between lengths of the corresponding basis vectors in the two reference frames, as follows:

)A(l' = ﬁi/ (A7)

where X; = &;(r,t) and %; = &;(ro, ty). Here, due to the above constraint on s;(r, t), A;(r, t) should be
constrained by the following formula.

3
[TAi(xt) =p(x,t)/po. (A8)

i=1

A change in length of a basis vector leads to a change in distance between two points arranged
parallel to the basis vector (i.e., in coordinate length). In detail, a change in coordinate length is
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inversely proportional to a change in length of the basis vector. Meanwhile, if A;(r, t) is spatially or
temporally changed, the relation given by Eq. (A7) will be valid only in a small region or a short time
interval. Therefore, ratios between the coordinate lengths at (ry, o) and (r, t) should be written in an
infinitesimal manner, as follows:

dX' = Aj(r, t)dx'. (A9)

¢ Ratios between temporal lengths: Eq. (5) in the main text

Similar to the above, the requirement of the same Mach quantity can also be used to define
relationships between temporal lengths and Mach densities. A spatial volume, which is swept by a
light beam during a given time interval (At{, or At), can be given by the product of a sectional area (A,
or Ap) of the beam and a traveling distance (¢/At{, or cAty). Thus, the requirement of the same Mach
quantity at regions of p(r, ) and pg can be formulated by the following equation.

p(x, 1)’ Aty A = pocAtoAg. (A10)
Next, using the above equation (A8), Eq. (A10) can be rewritten as follows:
3
Aty A = cAtgAg/ T [ Ai(x b). (A11)
i=1

The sectional area of the beam is determined by the shape of a light source, which is independent
of the propagation of light (i.e., irrelevant to a time-involved physical phenomenon). Excluding the
contribution by such a phenomenon-independent sectional area, Eq. (A11) can be rewritten as follows.

ddt’ =

edt. (A12)

o At least one postulate is needed

In a sense, Eq. (A9) can be obtained directly from the definition of Mach density. Although this
process includes a step of constructing a coordinate system using a rectangular box, the using of the
box is independent of a time-involved phenomenon and thus does not require any a priori postulate.
By contrast, in order to go from Eq. (A12) to Eq. (5) of the main text, we should introduce a priori
postulate related to phenomena. It is clear that the postulate should be the constancy of light speed (i.e.,
¢’ = ¢). In other words, we can obtain Egs. (A9) and (A12) on the basis of the 1-based model, but at
least one a priori postulate should be introduced to change Eq. (A12) to Eq. (5). Owing to this necessity
of postulate, Egs. (4) and (5) are introduced as part of the postulate 3.4
e Metric tensor for spherically symmetric system

For a static spherically symmetric system, it is known that due to its spherical symmetry, a metric
tensor can be given, as follows:

ds*> = B(r)c2dt? — A(r)dr* — r*d6* — r’sin®0d¢>. (A13)

In the general theory of relativity, using the Einsteins field equation (EFE) and the weak field
approximation, we can show that

A(r)B(r) =1, and (A14)
-1
Alr) = (1 - 2212\4 ) . (A15)

4 Meanwhile, I think that both of two postulates in the special theory of relativity, including the postulate of ¢’ = ¢, is closely

related to the SPSQ principle, but the relationship therebetween is not the subject of this article. This is also our future work.
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Meanwhile, it is unclear whether the EFE as it is can be used in our approach, because the EFE is
based on the 0-based space model that is different from that in our approach. For example, the matter
and space in the EFE are conceptually different from those in our approach, and time dependence
mentioned in the EFE is not directly related to dependence of the distribution factor on time in our
approach. Nevertheless, we can say that, if we found a generalized method of constructing a metric
tensor based on the SPSQ principle, the consequent metric tensor for at least a static spherically
symmetric system would have the same form as that in the general relativity. Similarly, even for
time-dependent systems, it seems reasonable to conjecture that a metric tensor can be written, as
follows:

ds* = c2dt? — A(r, t)%dr? — r?de* — 12, sin*0d¢>. (A16)

A(r, t)?
Concretely, to justify this conjecture or to go from Eq. (A13) to Eq. (A16), we should do:

1) show A(r)B(r) = 1and A(r) = A(r)?,

2) find a method of incorporating the time-dependent distribution factor into the metric, and

3) show that, in a spherical coordinate system, only time and radial components depend on the
distribution factor.

Although, as described above, further study is needed to do these, it seems that the steps 1) and
2) could be justified by the above arguments provided for Egs. (A9) and (A12) and the step 3) could be
justified by the spherical symmetry of the system. Thus, in this article, we will assume that Eq. (A16)
gives the correct result, as stated by the postulate 3.

Appendix C. Derivation of Eq. (9)
The equation (8) in the main text can be written as follows:
av' 2 [ou [ Vi ou
i S S [t sty =1, Al7
dp  py? {ap (IVI2)+8X1} (A7)

where Vi = dX!/dp and |V|?> = V - V. First, let us calculate two quantities, which will be used in
calculation of dVi/dp, in advance. Since X' is a three-dimensional quantity that does not explicitly
have a time coordinate, we can find that 9X'/9x? = 0 and thus,

codxt Sodx*axt S dyd oX!
V= = -y ==
dp agb dp ox“ ]; dp ox/

(A18)

Next, according to Egs. (4) to (6), the quantity dX' /9x/ is given by a calibration or distribution factor
X!

that is generally dependent on both of position and time. This means that the quantity % (§7) may
not be zero in general, and it can be written as follows:
i 3 B 2vi
4 <8X> = diia.xﬁ. (A19)
dp \ oxJ =0 dp 9x/dx
Using these results, the left-hand side of Eq. (A17) can be rewritten as follows:
M_Z@K+Z@@ X! (A20)
dp ~ dp? ox) S dp dp oxioxP’
Putting Eq. (A20) into Eq. (A17), we find:
d*xJoxX! ¢ [ou VI 9 dx) dxP 92X’
I LA L S aa (A21)
~dp? ox)  py? [op [VP oX'] 4 dp dp 0x/9xP
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Next, multiplying the both sides of Eq. (A21) by Y3, gixki, we find
2., 1 k 2 i k j B 2y k
D A Fay pecaa A
77 dp® ox 0X — uy? [9p [V 0X'] 0X {75 dp dp oxlox 0X
This can be written in a simplified form, as follows:
d?xk s oxk i dx) dxP
_ X yopk 4xTax? A23
dp? ; oXi = iBdp dp’ (A23)
where ) )
i_ ¢ fop V' op
M = v [ap VP + 37 | 7 and (A24)
92X! 9xk
k -
Tip = L oxioxB aXi" (A25)

i

The LHS of Eq. (A23) can be written as follows:
Pat_ded (dedd\ deddey o\ ik Prdd o)
dp2  dpdt \dp dt | dp \dtdp) dt dp) d2  dp? dt dp) dr2’

Using this, Eq. (A23) can be written, as follows:

d2xk (de\?  dxk d?t ;9xk , dx/ dxP
Next, multiplying the both sides of Eq. (A26) by (%)2 gives
d2xk coxk (dp\?  dxk d?t (dp\? ¢ dx/ dxP
ar ~ LMo (dt) T ap (m) ~ LG ar (A27)

B

Now we will change Cooper’s quantities dX* and dp to Murphy’s ones dx’ and dt, using Egs. (4)
to (6). Hereinafter, we will use the Einstein summation rule, but the calibration factors are not excluded
from the summation, because they are not vectors. By using Egs. (4) and (5), we can find

axk 1 <dp>2_ LN (dp>2_1dh0

axi ok = o dt’

_h%,an ﬁ

dt
where Jy; is Kronecker delta. Using these, Eq. (A27) can be written, as follows:

d2k 11 dxk<1dho> , dxl dxP

"My ar \war ) " ar ar (A28)

. k .
Using vk = hohkddit = hohyo*, we can rewrite MF, as follows:

2 k
k|2, Ou [ O 1 o
mh= s [hohk L <|V|2> | (A29)
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Putting Eq. (A29) into Eq. (A28) gives

a2k 2

. py?

o o 1 op| _dxt (1dhy _py dddxf
ot [V[2 " hZn? oxk dt \ g dt B dt dt -

Placing the factor 1/p into the square brackets gives

#x @l top of 1 (1op\ | dxt (1dh\ e ddldxf
a2 2 [\pot) [V " mZn2 \ poxk dt \hg dt B dt dt

Appendix D. Derivation of Egs. (10)-(12)
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(A30)

(A31)

For a system with a spherically symmetric time-varying distribution factor, by the postulate 3, the

calibration factors are given as follows:

ho = A(r,t), hy = A(r,t) hy =r, h3 = rsinb.

(A32)

Here, the quantity A in the 0- and 1-components is independent of the angular coordinates, and thus,

the factor (% ‘fi—/t\) can be written as follows:

1dAY _ (12A) o~ (10Ad9Y _ (194 (104 dr
Adt ) \A ot ; Aoxi dt ]~ \ A ot A or ) dt

(A33)

Using Egs. (3) and (A33) and 1 1 4A we can rewrite Eq. (9) in the main text, as follows:
g kbq udt = N dt q

it _ (@ o\ (laaydxt (@ N VP (19A

a2 \|V]2 Aot ) dt V|2 A2h2 \ A oxk
(LAY drdxt y ddlddf
Aor)dtdt  TiPdr dt-

Non-vanishing terms of the Christoffel symbol for this system are as follows:

r — 19dA r — 10A roo_ r r _ _ rsin®
De=2x%% In=x% Tho = —2z Lo = 52
1 ; 1
l“fe =4 Fg,q) = —cosbsind, qu) =4 I—‘Z)(P = cotf.

Using the results of Eq. (A35), we can calculate the last term of Eq. (A34) as follows:
dxl dxP . . ; .
_r]r‘ﬁdit% = Iy —T}, 2 — 1"3992 - rfp(pq’z
. . ; in20 .
_ _%%r_ %8{97/;,\72+ﬁ92_’_ rs[1{129¢2
0 do dxf  _ 0 ) 0 2
—Fjﬁd—xt% = —2[7710 — Ty ¢
= —2i0 + cosfsinf¢?

] dxP .. 3.
~Th G = —2T,ig — 2T5 69

= —21¢¢ — 2cothdg.

(A34)

(A35)

(A36)
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Using the results of Egs. (A32) and (A36), we can obtain each component of Eq. (A34) as follows:

d? 2 V]2 (19A 2 9A 9
G- () (R) (1) 5 () 3 sty

‘;273 — (ﬁ — ) ( ) ) — L9840 — 270 4 cosfsind? (A37)

= (2 (

The third term in RHS of the radial component in Eq. (A37) can be re-written as follows:

QJ

>l
SEEE N

>[= >
Y

) ¢ — la—Arcp - frq) 2cotff¢.

20A,  29A

242 20:020 22 242

o 1707 rsin“0¢ 29N [ 7r26%  r’sin%0¢?
- = —+ — - A
A or Aor \\ TAaT T A Aor \ A2 T T A (A38)

Meanwhile, using Eq. (A32), we can find
2 202 20i020 2
V] _ (24 r 6=  rsin“0¢ (A39)
A4 A2 A2

Using Egs. (A38) and (A39), the radial component of Eq. (A37) can be written as follows:

dr c? 1oAY . |V /10A 20A 1)\ 202
i = (v &%)+ % (3% T (A5 ) e oo

where ()2 = 62 4 sin20¢?.

Appendix E. Mathematica code for Figs. 1 and 2

ClearAll@" “*"

(*Acceleration Terms*)

at1=FullSimplify[k/r~2];

at2=FullSimplify[(2 k~2)/(r"3 c~2)] ;

at3=FullSimplify[(\[Alpha] H \[DoubleStruckCapitalW] c~2)];

at4=FullSimplify[(4 \[Alpha] H \[DoubleStruckCapitalW] k)/rl;

at5=FullSimplify[(\[Alpha]l H \[DoubleStruckCapitalW] ((2 k)/(r c))~2)] 10~pno;
at6=FullSimplify[-3 \[Alpha] \[Beta] H"2 r -3 \[Alphal H vr];

at7=FullSimplify[-((3 k ( \[Betal H r + vr)~2)/((1+(2 k)/(r c~2)) ("2 c~2))];
at8a=0%FullSimplify[(k va~2)/ (r~2 c~2)]; (x<<Note O* *)

at8b= 0%FullSimplify[va~2/r]; (*<<Note O* *)
Tot=FullSimplify[atl+at2+at3+at4+atb+at6+at7+at8at+at8b];

(* Physical constants *)

c=3%10"8;

CoulmbC=8.987*10"9;

elmchrg=1.602%10"-19;

NewtonC=6.674%10"-11;

ProtonM=1.672%10"-27;

ElectnM=9.109%10"-31;

k=CoulmbC*elmchrg~2 *qgs*qt *(ms/ProtonM)*(1/mt);

va= va0 ;

vr=vr0 Cos[th];

\ [DoubleStruckCapitalW]= ( \[Beta] H r +vr)/(( \[Beta]l H r +vr)~2+va~2 (1+(2 k)/(r c~2)));
(* Plotting of Acceleration terms *)

SetOptions[Manipulator,Appearance->"Close"];

Manipulate[

PRM= {vrO0->v1, va0->v2, H->2.2 *10"HP, th->phase, mt->Mt, ms->Ms, pno->no, qt->Qt, gs->Qs,
\[Alpha]l->BB1, \[Betal->BB2};

STYL1={Thickness->0.004,Dashing[0.004]};

STYL2={Thickness->0.003};

LogLogPlot [{Abs[- k /r~2]/.PRM, Abs[-NewtonC ms * 10~pno /r~2]/.PRM,
+at1/.PRM,-at1/.PRM,+at2/.PRM, -at2/.PRM,+at3/.PRM, -at3/.PRM, +at4/.PRM, -at4/.PRM, +at5/.PRM, -at5/.PRM,
+at6/.PRM,-at6/.PRM,+at7/.PRM,-at7/.PRM,+at8a/.PRM, -at8a/.PRM, +at8b/.PRM, -at8b/ .PRM, +Tot/.PRM, -Tot/.PRM},
{r,10°LP,10"UP}, PlotRange->{10"s1, 10"s2},

FrameLabel->{Text [Style["Radial distance [m]",22,FontFamily->"Times"]],

Text [Style["Acceleration [m/s~2]",22,FontFamily->"Times"]11},
Frame->True,FrameStyle->Directive [Black,21] ,LabelStyle->Directive[Black,22],
PerformanceGoal->"Quality",GridLines->Automatic, Ticks->{Automatic,Automatic},
AxesStyle->Directive[Black,22], ImageSize->800,
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Appearance->"PopupMenu"]}},Spacings->{.5,1},Frame->True,

FrameStyle->Directive[Thickness[.005],Gray]l], Delimiter,{{bookMark,"Prtn-Elctn"},None},

Style[" \[FilledSmallCircle] Inspection Range of Radial Distance [10~[X] m]", Bold],

{{LP,-24,"Lower Limit "},-70,30, 1, Appearance->"Open"},{{UP,30,"Upper Limit "},-30,50, 1, Appearance->"Open"},Delimiter,
Style[" \[FilledSmallCircle] Inspection Range of Acceleration [10~[X] m/s~2]", Boldl],

{{s2,41,"Upper Limit "},-50,150, 1, Appearance->"Open"},{{s1,-16,"Lower Limit "},-50,50, 1, Appearance->"Open"},Delimiter,
{{v1,¢c/1000 ,"Radial Speed"},0,c, Appearance->"Open"},{{v2,0 ,"Angular Speed"},0,c, Appearance->"Open"},Delimiter,
{{HP,-18,"Hubble Const [2.2%10~[X]]"},-18, 100},{{phase,0,"Phase of Radial Speed"},0, 2Pi ,Pi/8},Delimiter,

{{Q@s,-1,"Q Sign of Source Object"},{-1,0, +1}},{{Ms,ProtonM, "Mass of Source Object"} , {ProtonM, ElectnM}},
{{Qt,+1,"Q Sign of Test Particle"},{-1,0, +1}},{{Mt,ElectnM, "Mass of Test particle"} , {ProtonM, ElectnM}},
{{BB1,-0.1, "Alpha"} , -1,1, Appearance->"Open"},{{BB2,1, "Beta"} , -1,1, Appearance->"Open"},

{{no,0,"Source Mass * 10~[x]"},{0,3, 10, 28.5,51, 57, 69}},ControlPlacement->Right]

(* Strength comparison *)

{at2/Abs[at1] ,at1/Abs[atl] ,,at8/Abs[atl] ,at5/Abs[atl],-NewtonC ms /r~2 /Abs[atl]}/.

{r->0.5%10"-16, vr0->c/1000, va0->0,th->0, pno->0, gs->-1, qt->1,

H->2.2%10"-18, ms-> ProtonM, mt-> ElectnM, \[Alphal->-0.1, \[Betal->1}

Appendix F. Mathematica code for Fig. 3

ClearAl1@" ‘*"

at3=FullSimplify[(\[Alpha] H \[DoubleStruckCapitalW] c~2)];
at5=FullSimplify[(\[Alphal H \[DoubleStruckCapitalW] ((2 k)/(r c))~2)] 10~pno;
at6=FullSimplify[-3 \[Alpha] \[Beta] H"2 r];

(* Physical constants *)

c=3%10"8;

CoulmbC=8.987%10"9;

elmchrg=1.602%10"-19;

NewtonC=6.674*%10"-11;

ProtonM=1.672%10"-27;

ElectnM=9.109%10"-31;

k=CoulmbC*elmchrg~2 *qgs*qt *(ms/ProtonM)*(1/mt);
va= va0 ;
vr=vr0 Cos[th];

\ [DoubleStruckCapitalW]l= ( \[Betal H r +vr)/(( \[Beta]l H r +vr)~2+va~2 (1+(2 k)/(r c2)));
(* Plotting of Acceleration terms *)

SetOptions[Manipulator,Appearance->"Close"];

Manipulate[

PRM1= {vr0->v1, va0->v2, H->2.2 *10"HP, th->phase, mt->Mt, ms->Ms, pno->no, qt->Qt, gs->Qs,
\[Alpha]->-1/100, \[Betal-> 1};

PRM2= {vr0->v1, va0->v2, H->2.2 *10"HP, th->phase, mt->Mt, ms->Ms, pno->no, qt->Qt, gs->Qs,
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\[Alphal-> -5, \[Betal-> 1};

PRM3= {vr0->v1, va0->v2, H->2.2 *10"HP, th->phase, mt->Mt, ms->Ms, pno->no, qt->Qt, gs->Qs,

\[Alphal->- 1/10, \[Betal-> 1};

PRM4= {vr0->v1 *5, va0->v2, H->2.2 *10"HP, th->phase, mt->Mt, ms->Ms, pno->no, qt->Qt, gs->Qs,

\[Alphal-> -1/10, \[Betal-> 1};

PRM= {vr0->v1/1, va0->v2, H->2.2 *10~HP, th->phase, mt->Mt, ms->Ms, pno->no, qt->Qt, gs->Qs,

\[Alphal-> - 1/100, \[Betal-> 1};

STYL1={Thickness->0.004,Dashing[0.004]};

STYL2={Thickness->0.003};

STYL2a={Thickness->0.003, ColorDatal["Crayola"]["NavyBlue"]};

STYL2b={Thickness->0.003, ColorDatal["Crayola"] ["OrangeRed"]};

LogLogPlot[ {Abs[-NewtonC ms * 10~pno /r~2]/.PRM,

-at5/.PRM1,-at5/.PRM2,-at5/.PRM3,-at5/ .PRM4, -at5/ .PRM,
-at3/.PRM1,-at3/.PRM2,-at3/.PRM3,-at3/.PRM4, -at3/.PRM, at6/.PRM},{r,10"LP,10"UP}, PlotRange->{10"sl1, 10-s2},
FrameLabel->{Text [Style["Radial distance [m]",22,FontFamily->"Times"]],

Text [Style["Acceleration [m/s~2]",22,FontFamily->"Times"]]},

Frame->True,FrameStyle->Directive[Black,21], GridLines->None,ImageSize->800,
Filling->{2->{{3},{LightBlue}}, 4-> {5}, 7-> {8}, 9-> {10}},

PlotStyle->{{STYL2,DotDashed,Black, Opacity[G]},

{STYL2a,0pacity[p1]},{STYL2a,0pacity[p2]},

{STYL2b, Opacityl[p31},{STYL2b,0pacity[p4]l},{STYL2, Black,Opacityl[p5]},

{STYL2a, Opacity[p11]},{STYL2a,0pacity[p12]},

{STYL2b, Opacityl[p13]},{STYL2b,0pacity[p14]},{STYL2, Black,Opacity[p15]},

{STYL1, Black,Opacity[p6]1}}],

Row[{Style[ "\[FilledSmallCircle] Reference : ", Bold],Spacer[5],Control[{{G,1,"G-Field"},{1,0}}],
Spacer[15], Control[{{p6,1,"6"},{1,0}}]1}],Delimiter,

Row[{Style[ "\[FilledSmallCircle] 5th terms : ", Bold],Spacer[5],Control[{{p1,1,"1"},{1,0}}],Spacer[5],
Control[{{p2,1,"2"},{1,0}}],Spacer[5],

Control[{{p3,1,"3"},{1,0}}],Spacer[5],Control [{{p4,1,"4"},{1,0}}],Spacer[5],Control [{{p5,0,"5"},{1,0}}1}],
Delimiter, Row[{Style[ "\[FilledSmallCircle] 3rd terms : ", Bold],Spacer[5],Control[{{p11,1,"1"},{1,0}}],
Spacer[5], Control[{{p12,1,"2"},{1,0}}],Spacer[5],

Control [{{p13,1,"3"},{1,0}}],Spacer[5],Control [{{p14,1,"4"},{1,0}}],Spacer[5],Control [{{p15,0,"5"},{1,0}}1}]1,

{{LP,17,"Lower Limit "},-70,30, 1(*, Appearance\[Rule]"Open"*)},
{{UP,28,"Upper Limit "},-30,50, 1(*, Appearance\[Rule]"Open"*)},Delimiter,
{{s2,-5,"Upper Limit "},-50,150, 1(*, Appearance\[Rule]"Open"%)},
{{s1,-11,"Lower Limit "},-50,50, 1(*, Appearance\[Rule]"Open"*)},Delimiter,
{{v1,10000 ,"Radial Speed"},0,c, Appearance->"Open"},

{{v2,400000 ,"Angular Speed"},0,c},Delimiter,

{{HP,-18,"Hubble Const [2.2%10~[X]]"},-18, 100},

{{phase,0,"Phase of Radial Speed"},0, 2Pi ,Pi/8},Delimiter,

{{Qs,-1,"Q Sign of Source Object"},{-1,0, +1}},

{{Ms,ProtonM, "Mass of Source Object"} , {ProtonM, ElectnM}},

{{Qt,+1,"Q Sign of Test Particle"},{-1,0, +1}},

{{Mt,ElectnM, "Mass of Test particle"} , {ProtonM, ElectnM}},
{{no,69,"Source Mass * 10~[x]"},{0,3, 10, 28.5,51, 57, 69}},ControlPlacement->Right]
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