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Article 14:

Formulating the theories of gravity/intrinsic gravity and
motion/intrinsic motion and their union at the second stage of
evolutions of spacetime/intrinsic spacetime and
parameters/intrinsic parameters in a gravitational field. Part I.

Akindele Oluwole Adekugbe Joseph*
Center for The Fundamental Theory, P. O. Box 2575, Akure, Ondo State 340001, Nigeria.
E-mail: cfs_ib.com OR adekugbe @alum.mit.edu

The theory of gravitational relativity and intrinsic theory of gravitational relativity
(TGR/¢TGR), the special theory of relativity and intrinsic special theory of relativity
(SR/#SR), and their union, on flat four-dimensional relativistic spacetime (Z, ct) and its
underlying flat two-dimensional relativistic intrinsic spacetime (¢p, ¢Cet), at the second
stage of evolutions of spacetime/intrinisic spacetime and parameters/intrinsic parame-
ters in a gravitational field of arbitrary strength, isolated in the previous papers, are
developed fully in the first two parts of this paper. Mass and other parameter relations
in the context of TGR and the implied modification of Newton’s law of universal grav-
ity in the context of TGR are derived. Local Lorentz invariance is validated on flat
spacetime in the context of TGR. This first part is devoted to the graphical approaches
in the four-world picture to these flat spacetime/intrinsic spacetime theories, while an-
alytical approaches shall be developed in the second part to complement the graphical
approaches. The other theories isolated at the second stage of evolutions of space-
time/intrinsic spacetime and parameters/intrinsic parameters in every gravitational field
namely, the metric theory of absolute intrinsic gravity (¢MAG) and combined metric
theory of absolute intrinsic gravity and absolute intrinsic motion (IMAG U pMAM), on
curved ‘two-dimensional’ absolute intrinsic spacetime (¢p, C¢f); their projective theo-
ries into the flat relativistic intrinsic spacetime namely, the Newtonian theory of absolute
intrinsic gravity ()NAG) and combined Newtonian theory of absolute intrinsic gravity
and absolute intrinsic motion ()NAG U pNAM), as well as the outward manifestations
of these in the flat four-dimensional relativistic spacetime namely, the non-observable
Newtonian theory of absolute gravity (NAG) and combined Newtonian theory of ab-
solute gravity and absolute motion (NAG UNAM), shall be developed in the third part
of this paper.

*Author’s surname had been Adekugbe or Adekugbe-Joseph until 2011.
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1 Introduction

1.1 On the global spacetimefintrinsic spacetime geometries of theories/intrinsic
theories of gravity, motion and other non-gravitational laws at the second
stage of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic
parameters in a gravitational field

The theory of relativity in spacetime and intrinsic theory of relativity in intrinsic
spacetime, due to the presence of a long-range metric force field, developed in [1]
and adapted to the gravitational field in section 2 of [2], is a direct pre-requisite
to this paper. As has been robustly established in those previous papers, the four-
dimensional spacetime, qualified as relativistic spacetime and denoted by (Z, ct) in
our notation, containing the relativistic masses (M, &/ ¢?) of material particles and
bodies and the underlying relativistic intrinsic spacetime (¢p, Cot) containing the
relativistic intrinsic masses (¢, ¢e/¢C>) of particles and bodies, which evolve at the
second stage of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic
parameters in a gravitational field, are everywhere flat in a gravitational field of
arbitrary strength (or in every gravitational field).

There are, in addition, in every gravitational field, the curved two-dimensional
proper intrinsic spacetime (¢p’, pCot’) with orthogonal curvilinear intrinsic dimen-
sion ¢p’ and ¢cgt’ and consequently with intrinsic Lorentzian metric tensor at every
point of it, containing the intrinsic rest masses (¢mMy, ¢&’/¢C*) of material particles
and bodies, which projects the flat relativistic intrinsic spacetime (¢p, ¢Cot) under-
neath it. There is also the curved ‘two-dimensional’ absolute intrinsic spacetime
(¢p, ptepf), an absolute intrinsic Riemannian metric space with absolute intrinsic
sub-Riemannian metric tensor ¢gix, containing the absolute intrinsic rest masses
¢y and ¢Mj of particles and bodies. Finally there is the constantly flat ‘two-
dimensional” absolute-absolute intrinsic-intrinsic spacetime (¢¢p, ¢¢é¢¢%), isolated
in [3], containing the absolute-absolute intrinsic-intrinsic rest masses (¢¢My, pd&/dpt)?
of particles and bodies in it, in every gravitational field.

The flat relativistic spacetime (X, ct) containing the relativistic masses (M, &/¢?)
or (M,E/c?) of particles and bodies and the hierarchy of intrinsic spacetimes
namely, flat relativistic intrinsic spacetime (¢p, ¢Cot) underlying (%, ct), curved pro-
per intrinsic spacetime (¢p’, #Cet’), curved absolute intrinsic spacetime (¢p, pCot)
and flat absolute-absolute intrinsic-intrinsic spacetime (PP, ¢¢6¢¢f*) underlying
the flat (¢p, pCot) and the associated hierarchy of intrinsic masses (¢pm, pe/@C?),
(pMy, ¢’ [$C), (¢, p&/$E2) and (pdiry, ppe/PpE2) respectively, listed above have

been shown to evolve simultaneously at the combined first and second stages of
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evolutions of spacetime/intrinsic spacetimes and parameters/intrinsic parameters in
a gravitational field in sub-section 1.1 of [2] and illustrated graphically as the global
spacetime/ intrinsic spacetime geometries of Figs. 7 and 8 and their inverses in
Figs. 9 and 10 of that paper.

Fig. 7 of [2] was re-presented as Fig. 9 of [4], where the flat ‘two-dimensional’
absolute-absolute intrinsic-intrinsic spacetime (¢¢p, ¢¢é¢¢?), isolated in [3] was in-
corporated into the geometry. Thus Fig. 9 of [4] of combined first and second stages
of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic parameters
in a gravitational field and its complementary diagram and their inverses (not drawn)
in [4], constitute the complete set of spacetime/intrinsic spacetime geometries that
support the theories of gravity/intrinsic gravity, motion/intrinsic motion and all other
non-gravitational laws/intrinsic non-gravitational laws in a gravitational field in our
universe and the negative universe.

In order to make this paper as autonomous as possible and also for convenience
of reading, Fig. 9 of [4] shall be reproduced as Fig. 1 and its complementary dia-
gram (not drawn) in [4] shall be presented as Fig. 2 of this paper. We only need
to incorporate the flat (¢¢p, ¢¢é¢¢%) and (—pgp*, —¢¢6¢¢f\*) into Figs. 7 and 8
of [2] to accomplish these. However the inverse diagrams obtained by incorpo-
rating (¢¢p, ppbost), and (—ppp*, —ppbegt*), into Fig. 9 and 10 of [2], shall not be
drawn in order to conserve space.

As finally determined in section 3 of [4], the theories of gravity/intrinsic grav-
ity and theories of combined gravity/intrinsic gravity and motion/intrinsic motion at
the first stage of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic
parameters in a gravitational field must be formulated within intrinsic local Lorentz
frames on the curved ‘2-dimensional’ absolute intrinsic spacetime (¢p, p€¢f) and
curved two-dimensional proper intrinsic spacetime (¢p’, ¢Cpt’) with respect to in-
trinsic 1-observers along the curved proper intrinsic space ¢p’ and 3-observers in the
relativistic Euclidean 3-space X in Fig. 1. These are pMAG, ¢NAG* and pMAG+
dMAM, pNAG*+@NAM* on the curved (¢p, pCpf) and the primed intrinsic theo-
ries pNAG’ and pNAG+¢pNAM’ within intrinsic Local Lorentz frames on curved
(60", pCot’).

There is also the primed intrinsic classical (or Newton’s) theory of (relative)
gravity (¢CG’) within intrinsic local Lorentz frames on the curved proper intrinsic
spacetime (¢p’, pCpt’), with essential equations (115) — (118) of [4], formulated
with respect to intrinsic 1-observers in the curved proper intrinsic space ¢p’ and
3-observers in the relativistic Euclidean 3-space X in Fig. 1. The CG’/¢CG’ arise
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Figure 1: The global spacetime/intrinsic spacetime diagram of combined first
and second stages of evolutions of spacetime/intrinsic spacetime and parame-
ters/intrinsic parameters in a gravitational field of arbitrary strength that is valid
with respect to 3-observers in the relativistic Euclidean 3-spaces in our universe and
the negative universe.

from the proper intrinsic gravitational speed ¢V (¢r’), proper intrinsic gravitational
potential ¢@’(¢r’) and proper intrinsic gravitational field ¢g’(¢r”) established along
the curved ¢p’ and ¢cet’ by ¢Mg and ¢E’/¢C? of the gravitational field source at the
origins of the curved ¢p’ and ¢cot’ respectively.

Apart from ¢MAG, ¢NAG*, pMAG+¢pMAM, ¢#NAG*+ ¢NAM*, ¢NAG',
¢NAG’'+¢pNAM’ and #CG’, there are also primed intrinsic spacial theory of relativ-
ity (¢SR’) and other primed intrinsic classical non-gravitational laws ¢CNGL’ and
primed intrinsic special-relativistic non-gravitational laws (JCNGL'+¢SR") within
intrinsic local Lorentz frames on curved proper intrinsic spacetime (¢p’, pCpt’), for-
mulated with respect to intrinsic 1-observers along the curved proper intrinsic space
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Figure 2: The complementary diagram to Fig. 1 that is valid with respect to 1-
observers in the relativistic time dimensions in our universe and the negative uni-
verse.

¢p’ and 3-observers in the relativistic Euclidean 3-space X in Fig. 1. The intrinsic
theories on the curved (¢p, p€¢f) and curved (¢p’, pcpt’) listed in this and the fore-
going two paragraphs have been brought forward to the second stage of evolutions
of spacetime/intrinsic spacetime and parameters/intrinsic parameters from the first
stage in a gravitational field of arbitrary strength.

The primed intrinsic theories pNAG’, pNAG'+pNAM’, #SR’, pCNGL’, ¢SR’,
¢SR’+¢CNGL’ and ¢CG’ within proper (or primed) intrinsic local Lorentz frames
on curved two-dimensional proper intrinsic space (¢p’, pcgt’), formulated with re-
spect to intrinsic 1-observers along the curved proper intrinsic space ¢p’ in Fig. 1, at
the first stage of evolutions of spacetime/intinsic spacetime and parameters/intrinsic
parameters in a gravitational field, project the unprimed intrinsic theories namely,
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¢ONAG, pNAG+¢NAM, ¢SR, ¢CNGL, pCNGL+¢SR and ¢CG respectively into the
respective unprimed (or relativistic) intrinsic local Lorentz frames on the flat two-
dimensional relativistic intrinsic spacetime (¢p, pC¢t) in Fig. 1, at the second stage
of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic parameters
in a gravitational field, which are valid with respect to 3-observers in the relativistic
Euclidean 3-space X overlying in Fig. 1.

The projective unprimed (or gravitational-relativistic) intrinsic theories on the
flat relativistic intrinsic spacetime (¢p, ¢C¢t) are then made manifest in the respec-
tive unprimed (or gravitational-relativistic) theories namely, NAG, NAG+NAM, SR,
CNGL, CNGL+SR and CG, within unprimed (or relativistic) local Lorentz frames
on flat four-dimensional relativistic spacetime (X, ct) with respect to 3-observers in
> at the second stage of evolutions of spacetime/intrinsic spacetime and parame-
ters/intrinsic parameters in a gravitational field.

There are also the pMAG, pNAG* and pMAG+¢pMAM, ¢NAG*+¢pNAM* on
the curved ‘two-dimensional’ absolute intrinsic spacetime (¢p, ¢&¢f) to be formu-
lated with respect to 3-observers in the relativistic Euclidean 3-space X, as well
as the Newtonian theory of absolute-absolute intrinsic-intrinsic gravity ¢¢NAAG,
the Newtonian theory of absolute-absolute intrinsic-intrinsic motion p¢NAAM and
their union ppNAAG+ppNAAM on the constantly flat absolute-absolute intrinsic-
intrinsic spacetime (¢, ¢¢é¢¢%), to be formulated with respect to 3-observers in
Y in Fig. 1, at the second stage of evolutions of spacetime]intrinsic spacetime and
parameters/intrinsic parameters in a gravitational field.

The program of this paper in three parts is to formulate the unprimed (or gravita-
tional-relativistic) theories at the second stage of evolutions of spacetime/intrinsic
spacetime and parameters/intrinsic parameters in a gravitational field namely, NAG/
¢NAG, NAG/¢pNAG+NAM/pNAM, SR/#SR, CNGL/¢CNGL and CG/¢CG on the
flat relativistic spacetime/flat relativistic intrinsic spacetime (X, Ct)/(¢p, #Cht), as
well as pMAG, pNAG* and pMAG+PMAM, pNAG*+¢NAM* on curved (¢p, pegf)
with respect to 3-observers in the relativistic Euclidean 3-space X in Fig.1, while
dSNAAG, pONAAM and ppNAAG+pdNAAM on flat (p¢p, ppboet), shall be for-
mulated with respect to 3-observers in the relativistic Euclidean 3-space X in Fig. 1
in another paper later in this volume.

The unprimed (or gravitational-relativistic) intrinsic classical (or Newton’s) the-
ory of gravity (¢CG) within unprimed intrinsic local Lorentz frames on the flat rel-
ativistic intrinsic spacetime ¢p, #Cot) and its outward manifestation (CG) within
unprimed local Lorentz frames on the flat relativistic spacetime (%, ct), shall be

609A. Joseph. Formulating gravity and motion at second stage of evolutions of spacetime... I.
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developed along with the unprimed (or gravitational-relativistic) intrinsic special
theory of relativity (¢SR) within unprimed intrinsic local Lorentz frames on the
flat relativistic intrinsic spacetime (@p, #C¢t) and its outward manifestation namely,
the unprimed (or gravitational-relativistic) special theory of relativity within un-
primed local Lorentz frames on the flat relativistic spacetime (X, ct), with respect to
3-observers in X in Fig. 1, in the first two parts of this paper.

The pMAG, ¢NAG* and pMAG+pMAM, ¢NAG*+ pNAM* on curved ab-
solute intrinsic spacetime (¢p, p&pf) and NAG/¢NAG, NAG/NAG+NAM/$pNAM
on flat relativistic spacetime/flat relativistic intrinsic spacetime (X, Ct)/(¢p, pCot),
shall be formulated with respect to 3-observers in X in Fig. 1 in the third part of this
paper, while $¢NAAG, p¢NAAM and p¢NAAG+NAAM on flat (d¢p, dpboet),
shall be formulated with respect to 3-observers in the relativistic Euclidean 3-space
¥ in another paper later in this volume, as mentioned above.

The unprimed classical and special-relativistic non-gravitational laws (CNGL
and CNGL+SR) on flat relativistic spacetime (X, Ct) and the unprimed intrinsic clas-
sical and intrinsic special-relativistic non-gravitational laws (¢CNGL and ¢CNGL+
¢SR) on flat relativistic intrinsic spacetime (¢p, ¢C¢t) in Fig. 1, shall be considered
in the process of validating the principle of equivalence on flat relativistic spacetime
(Z, ct) in a gravitational field of arbitrary strength in another paper following the
third part of this paper.

1.2 Further on the concepts of gravitational velocity, gravitational potential and
gravitational acceleration in spacetime and the respective intrinsic parame-
ters in intrinsic spacetime

The concept of static speed was derived graphically within a long-range metric force
field in section 2 of [5], where it was denoted by V. It was particularized to the
gravitational field, given the alternative name of gravitational speed and re-denoted
by V,(r") in [2]. There indeed exists the concept of gravitational velocity \7;(r’) in
the Euclidean 3-space X', which corresponds to the concept of gravitational acceler-
ation g’(r’) in X’ in the phenomenon of gravity, where \7;(r’) and g’(r’) are related

thus
o GMpa 1 d
r = — = - —
/0 = -0 = S

The definition of V(;(r’) that satisfies Eq. (1) is

[V;(r')*] (1

2GMoa (2a)

\V4 AV
Jt ==
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or
2GMoa

V(') = - =

(2b)
where \7;(r’) is the proper gravitational velocity at radial distance r’ from the center
of the assumed spherical rest mass My of the gravitational field source in the proper
Euclidean 3-space X’ (in Fig. 2 or 3 of [6]).

The relationship between gravitational speed and gravitational potential also de-
duced and written as Eq. (17) of [2] is the following

@) = V() = - G)

Except for the replacement of the rest mass My by the active gravitational mass
(or gravitational charge) Moa, Egs. (1) — (3) have been deduced and presented as
Egs. (16a-b) — (18) of [2]. The need to replace the rest mass by the active gravita-
tional mass (or gravitational charge) in the definitions of the proper gravitational
velocity \7_;(r’), proper (or Newtonian) gravitational potential ®’(r’) and proper
(or Newtonian) gravitational acceleration (or field) g’(r’) was deduced in sub-sub-
section 2.1.5 of [6] and sub-section 2.1 of [4], see the discussion leading to Eq. (55)
of [4].

The negative root is taken in Eq. (2b) in order to make the gravitational speed
(or velocity) attractive like gravitational acceleration and gravitational potential. In-
deed \7;(r’) and g’ (r’) are collinear vectors, both pointing radially towards the center
of the gravitational field source in the case of a spherical gravitational field source.
The definition of the gravitational speed along with its negative sign (or its attractive
nature) of Eq. (2b) was deduced in sub-sub-section 2.1.5 of [6] and sub-section 2.1
of [4] with respect to 3-observers in the relativistic Euclidean 3-space X in Fig. 1; see
the discussion leading to Eq. (55) of [4]. However there is yet a final more funda-
mental justification for the attractive nature of the gravitational speed (or velocity),
from which the gravitational potential and gravitational acceleration (or field) inherit
their attractive nature, which shall be presented elsewhere with further development,
as mentioned in section 1.2 of [4].

One finds from the relation of gravitational potential ®’(r’) and gravitational
acceleration (or field) g’ (r’) to the gravitational velocity \7;(r’) in (1) and (3), that the
gravitational velocity is the most fundamental of the three gravitational parameters
\7;(r’), @’(r’) and g’(r’). There could not have been the concepts of gravitational
potential and gravitational acceleration without the concept of gravitational velocity
as Egs. (1) and (3) show. As a matter of fact, gravitational potential and gravitational

611A. Joseph. Formulating gravity and motion at second stage of evolutions of spacetime.. .. 1.
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field inherit their attractive natures from the attractive nature of their gravitational
velocity progenitor as shall be justified shortly. Recall that absolute intrinsic static
speed is a fundamental geometrical parameter isolated in a long range metric force
field in general in section 2 of [5]. The concepts of potential and field could not
appear at that geometrical foundation.

Now the centrality of the gravitational potential and gravitational field obtains
in a spherically symmetric gravitational field only. The gravitational potential and
gravitational field are functions of all the spherical coordinates r’, r’6” and r’ sin ¢’
that originate from the centroid of a non-spherical gravitational field source as
Q(r',¢0,¢") and §'(r', 6, ¢'). The gravitational field does not point purely radially
towards the centroid of a non-spherical gravitational field source.

On the other hand, gravitational velocity is central in both spherically-symmetric
and non-spherically-symmetric gravitational fields. Thus gravitational velocity can
be function of the radial coordinate only as \7;(|”) and point radially towards the cen-
ter or centroid of every every gravitational field source (spherical or non-spherical).
Thus we can write as follows for a non-spherically-symmetric gravitational field

Vo= V) = Ve

g o= G
= g 0. +g,(t.0, o)
gL (1,0, )
» = V)

(non — spherical grav. field source)

“)

The centrality in all gravitational fields is a property of the gravitational velocity to
be explained formally elsewhere with further development.

Another important difference among the properties of gravitational potential
Q'(r',0,¢") and gravitational field g’(r’,#,¢’) in a non-spherically-symmetric
gravitational field (or ®’(r’) and g’(r’) in a spherically-symmetric gravitational
field) and the gravitational velocity \7;(r’) in a non-spherically-symmetric or spheri-
cally-symmetric gravitational field, is that proper (or classical) gravitational po-
tential @’(r’, ¢, ¢’) and proper (or classical) gravitational field g'(r’,¢’,¢’) in the
proper Euclidean 3-space X’ in the context of the primed classical theory of gravity
(CG’) on flat proper spacetime (X', ct’) at the first stage of evolutions of space-
time/intrinsic spacetime and parameters/intrinsic parameters, transform non-trivia-
lly to relativistic gravitational potential ®(r, 6, ¢) and relativistic gravitational field
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g(r, 0, ¢) on flat relativistic Euclidean 3-space X in the context of the theory of grav-
itational relativity (TGR) on flat relativistic spacetime (Z, ct) in Fig. 1 at the second
stage of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic para-
meters in a gravitational field as follows

(D(r’ 0’ ‘P) = ch(V;(I"))(D,(r,,Q,, ‘10/) (5)

and
gir,0,¢) = f,(V, (NG’ (', ¢, ¢) (6)

where the functions fq)(V_;(r’) and fg(V;(r’) shall be determined in the second part
of this paper.

Whereas gravitational velocity is invariant, transforming trivially in the context
of the relativistic theory of gravity between flat proper spacetime (X', ct’) and flat
relativistic spacetime (X, Ct) in every gravitational field as follows

V,(r) = V(1) )

This invariance was first stated without proof as invariance of static velocity by
Eq. (79b) of [7] and particularized to the gravitational field (still without proof) as
Eq. (2b) of [2]. The proof of Eq. (7) can still not be given at this point, but elsewhere
with further development, where the peculiar properties of the gravitational velocity
namely, its centrality in all gravitational fields and its invariance (7), as well as the
mechanism by which a gravitational field source establishes non-uniform gravita-
tional velocity \7;(r’) along every radial direction from its centroid, thereby giving
rise to gravitational field and gravitational potential as progenies, shall be unraveled.
As prescribed without proof in sub-sub-section 2.1.5 of [6], the non-observ-
able immaterial negative active gravitational mass (or negative gravitational charge)
—Mjpa, hidden within the observable positive physical (or material) rest mass M of a
gravitational field source is the source of the proper gravitational velocity, proper (or
classical) gravitational potential and proper (or classical) gravitational field. Hence
these parameters have been written in terms of the negative gravitational charge
—Mpa in Egs. (1), (2a) or (2b) and (3). Thus the negativity of the gravitational
charge is the origin of the attractive nature of gravitational velocity, gravitational
potential and gravitational field, as being prescribed for now in the present theory.
An important task to be executed elsewhere with further development is funda-
mental explanations of the origin of immaterial active gravitational mass (or gravi-
tational charge) and its negative sign, as well as the model of how —Myg is contained

613A. Joseph. Formulating gravity and motion at second stage of evolutions of spacetime.. .. .
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in the rest mass My and the mechanism by which —Moa hidden in My establishes
\79(r’), O'(r',0,¢") and g'(r', ¢, ¢’) at every point in the proper Euclidean 3-space
Y’ from the centroid of M.

Just as gravitational potential @’ (r’, 8’, ¢’) is a property of space at a position of
coordinates (r’, r'¢’,r’ sin 8’¢’) from the centroid of the rest mass My of the gravita-
tional field source, such that when a test particle arrives at this position, it acquires
gravitational potential ®'(r’, &', ¢’), so is gravitational velocity \7;(r’) a property of
space at at the position of coordinates (r’,r’'¢",r’ sin§'¢’) from the centroid of the
rest mass My of the gravitational field source, which a test particle acquires upon
arriving there.

Unlike the dynamical velocity v of dynamics (or special relativity), gravitational
velocity — a static velocity — is not made manifest in actual translation in space of
the test particle that acquires it. Thus a test particle at rest relative to an observer
at radial distance r’ from the centroid of the rest mass My of a gravitational field
source in the proper Euclidean 3-space X', possesses yet gravitational velocity \7g(r’)
relative to this observer and all other observers.

Gravitational velocity is different from escape velocity vesc, which has the same
expression as Eq.(2b) for V/(r), in the sense that vesc is a dynamical velocity di-
rected radially away from a gravitational field source, which a particle possesses and
escapes the gravitational influence of the field source. Escape velocity, although de-
termined by the gravitational field source, is a property of the particle.

Gravitational velocity \7;(r’) is a more appropriate parameter to incorporate into
the theory of gravitational relativity (TGR) on flat relativistic spacetime (X, Ct) in
Fig. 1, started in section 2 of [2], than gravitational potential. It has several analogies
to the dynamical velocity ¢ of dynamics (or special relativity). For instance, the
gravitational speed V/(r’) effects the theory of gravitational relativity (TGR) on flat
four-dimensional relativistic spacetime (Z, ct), just as dynamical speed v effects the
special relativity (SR) on the flat four-dimensional relativistic spacetime (Z, ct) in
Fig. 1.

The gravitational velocity \7;(r’) of TGR being a property of space, makes TGR
possible on the flat relativistic spacetime (Z, ct) in all finite neighborhood of a grav-
itational field source in the absence of a test particle. On the other hand, dynamical
velocity ' of SR, being a property of the particle in motion, makes it mandatory for
a particle to be in motion relative to the observer for SR to be possible.

The gravitational velocity \7(;(r'), (like gravitational potential @’(r’, ', ¢")), is
invariant with the observer or frame of reference, whereas the dynamical velocity

A. Joseph. Formulating gravity and motion at second stage of evolutions of spacetime ... 1.614
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varies with the observer or frame of reference. The concept of relativity associated
with gravitational velocity \7;(r’) and the theory of gravitational relativity (TGR)
induced by \7;(r'), in the absence of SR, is merely relativity with position in space
in a gravitational field and not relativity with observer or frame of reference, as
discussed in sub-sub-section 2.2.1 of [2]. It refers to variation with gravitational
speed V(") of space and time intervals of events and physical parameters, which
implies their variations with position in a gravitational field.

On the other hand, gravitational velocity is an absolute parameter in the context
of dynamics (or SR), since the gravitational velocity at a given position in space is
not made manifest in motion and is the same relative to all observers of frames of
reference. Conversely dynamical velocity 7 is absolute in the context of TGR, since
a given dynamical velocity of a particle relative to an observer does not vary with
gravitational velocity or with position in a gravitational field. That is, it is invariant
in the context of TGR as shall be demonstrated in the second part of this paper.

It may be recalled that the clarification of the concepts of relative static speed
and relativity associated with relative static speed in a relative metric force field was
done in sub-section 2.3 of [1] and adapted to the clarification of relative gravita-
tional speed and relativity associated with relative gravitational speed in a relative
gravitational field in sub-sub-section 2.2.1 of [2].

Now the largest possible kinematic velocity of particles, including photon, in
spacetime is the velocity of an electromagnetic wave in vacuum, C, = 3 X 103 m/s.
Likewise the largest possible gravitational (or static) velocity that can be established
at a point in spacetime by a gravitational field source or combination of gravitational
field sources is the velocity of gravitational waves, ¢, = 3X 10® m/s. These velocities
of ‘signal’ were first introduced in [8], see Table III and Table IV of that paper.

While the velocity of light ¢, is made manifest in actual translation through
space of electromagnetic waves, the maximum over all gravitational velocities ¢,
(like gravitational velocity V,(r)), is not made manifest in actual translation through
space of gravitational waves. It is a priori in the present theory that gravitational
waves possess constant gravitational (or static) speed, ¢, = 3 x 10% m/s, but are at
rest always relative to all observers. This actually implies that gravitational radiation
involving energy transfer in spacetime is impossible or does not exist. The fact that
gravitational effect propagates through space at the speed of light but not as a wave,
such that if a body is suddenly introduced or annihilated at a point in space, the
effect propagates away at the speed of light, has a different explanation, which has
been started in sub-section 1.1 of [2] and will be completed elsewhere with further
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development.

The value of gravitational velocity at the surface (or event horizon) of a black
hole is ¢,. This is so since at the surface (or event horizon) of a black hole of rest
mass My and radius rp, the gravitational speed is given from Eq. (2a) as, V,(rp)/c, =
(2GMoa/rbC§)1/2. But 2GMoa/rbC§ = 1 for a black hole. Hence V,(rp) = ¢,. Thus
a particle that falls to the surface (or event horizon) of a black hole acquires the
gravitational (or static) speed, ¢, = 3 X 108 m/s. We shall find in future articles that
this event (of fall of a test particle to the event horizon of a black hole) is not allowed
for a test particle with non-zero rest mass, just as a particle with non-zero rest mass
cannot attain the speed of light in vacuum C, in relative motion.

As has been noted in [8] and earlier in this section, we have isolated two dif-
ferent speeds of ‘signals’ namely, the dynamical speed of electromagnetic waves
(or light), usually denoted by c, but which has been re-denoted by ¢, since [8], and
the gravitational (or static) speed of gravitational waves, which has been denoted
by ¢, since [8]. This fact has remained unknown in physics until now. The only
speed of signal known in physics until now is the dynamical speed of light C,, usu-
ally denoted by ¢, which both electromagnetic and gravitational waves are known to
possess.

1.3 Further on the spacetimefintrinsic spacetime geometries of the theory of
gravitational relativity/intrinsic theory of gravitational relativity and special
theory of relativity/intrinsic special theory of relativity in a gravitational field

As introduced in section 2 of [8], the flat four-dimensional metric spacetime (X, Ct)
is composed of the flat four-dimensional affine spacetime of dynamics and electro-
magnetism (Xq, C,t) and the flat four-dimensional metric spacetime of the theories
of gravity (X4, C,t). That is,

(. ) = (24, Ct) U (Zq, Gy 1)

or
3

(X', 2, ct) = (%, %, X, e, U (r' 2 x . 6 t)
The affine spacetime of dynamics and electromagnetism (Zq, C,t) is inseparably em-
bedded in the metric spacetime of the theories of gravity (X, ¢,t), yielding the met-
ric compound spacetime (Z, Ct).
Likewise the metric compound intrinsic spacetime (¢p, ¢Ct) is composed of
the affine intrinsic spacetime of intrinsic dynamics and intrinsic electromagnetism
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denoted by (¢y, ¢C,¢t) in [8] and the metric intrinsic spacetime of the theories of
intrinsic gravity (¢pg, ¢C,¢t). That is,

(p, pCPt) = (dpg> $CP1) U (¢, ¢C, 1)

Again the affine (¢y, #C,¢t) is inseparably embedded in the metric (¢pg,, ¢C 1)
yielding the metric compound intrinsic spacetime (¢p.¢Cet).

The masses m and intrinsic masses ¢m of every particle or body are likewise
composed of the non-ponderable (or affine) dynamical component my and ¢my and
the ponderable (metric) components M, and ¢m,. That is,

m=m, Umy

and
gm= pm, U pmy

Again my is inseparably embedded in m, forming the compound mass m and
@My is inseparably embedded in ¢m, forming the compound intrinsic mass ¢m in
nature. Thus as the non-ponderable (or affine) dynamical mass my of a particle
moves at a velocity 7 in the affine spacetime of dynamics (Xq, C,t) relative to an
observer, it drags its ponderable (or metric) gravitational mass m, along, such that
m, moves at equal velocity 7 in its spacetime of the theories of gravity (Z,, C,t)
relative to the observer. Consequently the ponderable (or metric) compound mass m
is observed to move at velocity U in the metric compound spacetime (Z, ct) relative
to the observer.

Now the gravitational velocity \79’,(r’) is a relative velocity in the context of
the theory of gravitational relativity (TGR) on flat relativistic spacetime (X, Ct) in
Fig. 1, started in section 2 of [2] and shall be advanced further in this first part of
this paper; the gravitational-relativistic form of the classical (or Newton’s) theory
of gravity (CG) on flat relativistic spacetime (Z, ct), shall be developed in the sec-
ond part of this paper and a Maxwellian theory of gravity (MTG) that describes the
‘propagation’ at gravitational velocity \7;(r’) on the flat relativistic spacetime (%, Ct),
of massless gravitational field g and another induced massless partner-gravitational
field din the relativistic Euclidean 3-space X in a gravitational field, to be developed
elsewhere with progress of the present theory. The MTG in the metric spacetime
(24, C4t) of the theories of gravity is the gravitational counterpart of electromag-
netism (EM) in the affine spacetime of electromagnetism and dynamics (Zg, C,t).

The gravitational velocity \7;(r’) must be treated as a relative velocity in the
context of the theories of gravity namely, TGR, CG and MTG, on the flat relativistic
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spacetime (Z, ct), where, as discussed in the sub-section 2 of [2] and mentioned
in the preceding sub-section, the relativity of \7;(r’) refers to the variation of its
magnitude with position in the gravitational field.

On the other hand, the gravitational velocity is absolute in the context of the dy-
namical theories namely, the special theory of relativity (SR), the special-relativistic
form of classical (or Newton’s) theory of motion (CM) and dynamics of non-gravita-
tional fields and parameters, that is, electromagnetism (EM) and other non-gravita-
tional laws. In other words, should the dynamical velocity ¥ of relative motion
be replaced by the gravitational (or static) velocity \7;(r’) in these dynamical laws,
then \79’,(r’) must be treated as absolute and the resulting theories as non-observable,
which is so since \7;(r’) is not made manifest in motion and since it is the same
relative to all observers or frames of reference.

Let us temporarily separate the affine proper intrinsic time dimension ¢c,¢t’
from the metric proper intrinsic gravitational time dimension ¢C,¢t" and combine
the metric compound proper intrinsic space ¢p’ with ¢C,¢t” to have flat proper intrin-
sic spacetime (¢p’, ¢C,t") underlying flat proper spacetime (¥, c,t’) in the assumed
absence of relative gravity (or assumed absence of relative gravitational velocity
V().

Then let us introduce non-uniform intrinsic gravitational speed ¢V/(r’) along
the straight line ¢p’ along the horizontal and straight line ¢c,4t’ along the vertical.
This will cause ¢p” to be curved towards the vertical, while ¢C,¢t" will remain not
curved from its vertical position. This is so because the intrinsic gravitational speed
@V, (¢r’) being absolute in the context of intrinsic dynamics, it is absolute on the
intrinsic dynamical spacetime (¢x’, #C,¢t’). Consequently the intrinsic dynamical
time dimension ¢C,¢t” is unaffected (or is invariant) with the presence of ¢V, (¢r”).
On the other hand, the presence of ¢V, (¢r’) along the compound proper intrinsic
space ¢gp’ will cause ¢p’ to transform non-trivially into the compound relativistic
intrinsic space ¢p. Graphically the foregoing paragraph and this paragraph mean
that the presence of non-uniform ¢V (¢r’) along ¢p’ along the horizontal and along
¢C,¢t" along the vertical, will cause ¢p’ to be curved towards the vertical, thereby
projecting ¢p along the horizontal, while ¢c,¢t” will remain not curved from its
vertical position, as illustrated in Fig. 3(a).

On the other hand, let us hypothetically combine the compound proper intrinsic
space ¢p’ with the proper intrinsic gravitational time dimension ¢C,¢t’ to have a flat
(o', pCy¢t’) in the assumed absence of relative intrinsic gravitational field (or in
the assumed absence of relative gravitational velocity \7é(r’)). Then let non-uniform
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intrinsic gravitational speed ¢V, (¢r’) be introduced along the straight line ¢p” along
the horizontal and straight line #C,¢t” along the vertical of the flat (¢p’, ¢C,¢t’). This
will cause ¢p’ to be curved into the first quadrant towards the vertical and ¢C,¢t’ to
be curved into the second quadrant towards the horizontal simultaneously, so that
¢p’ and ¢c,pt’ constitute orthogonal curvilinear intrinsic dimensions, as illustrated
in Fig. 3(b).

Fig. 3(b) arises because ¢V (¢r’) being a relative intrinsic speed in the context
of the theories of intrinsic gravity, it is relative on the intrinsic gravitational space-
time ($pg.¢Cypt’). Consequently the presence of non-uniform ¢V (¢r) along ¢c,ét’
will cause it to transform non-trivially into ¢C,¢t. Graphically this means that the
presence of non-uniform ¢V (¢r’) along ¢c,¢t’ along the vertical will cause ¢C,pt’
to be curved relative to the vertical as in Fig. 3(b).

The curved compound proper intrinsic space — straight line proper intrinsic dy-
namical time dimension (¢p’, #C,¢t’) in Fig. 3(a) possesses non-Lorentzian intrinsic
metric tensor of the Gaussian form,

dgs? = gc;dgt’” — pgi dp” (8)

On the other hand, the curved compound proper intrinsic space — curved proper
intrinsic gravitational time dimension (¢p’, ¢C,¢t’) in Fig. 3(b) possesses the intrin-
sic Lorentzian metric

dps? = gcydet” — dep” ©)

This is so because ¢p’ and ¢C, ¢t" are orthogonal curvilinear intrinsic dimensions.
However Eq. (9) must be derived from the full diagram in the two-world picture of
Fig. 1 along with its complementary diagram of Fig. 2, as done in section 2 of [2].
The conclusion that can be drawn from all the foregoing is that if the dynamical
time dimension C,t and the intrinsic time dimension ¢C,¢t are the only time dimen-
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sion and intrinsic time dimension that exist along the with the metric 3-space X and
intrinsic metric space ¢p in nature, then the theories of gravity on flat relativistic
spacetime (Z, ct) namely, TGR, CG and MTG, will be impossible, since flat rela-
tivistic spacetime (Z, C,t) with Lorentzian metric tensor does not exist in Fig. 3(a).

On the other hand, if the gravitational time dimension C,t and intrinsic grav-
itational time dimension ¢C,¢t are the only time dimension and intrinsic time di-
mension that exist along with the metric 3-space £ and intrinsic metric space ¢p,
so that Fig. 3(b), which must be drawn in the two-world picture, obtains in every
gravitational field, then TGR, CG and MTG will be possible on the flat relativistic
spacetime (X, ¢,;t). However the dynamical theories namely, SR, CM, EM and other
non-gravitational dynamical laws on flat spacetime in a gravitational field will be
impossible on flat spacetime in this case, as shall be discussed shortly.

However the dynamical time dimension and intrinsic dynamical time dimension
(c,t/¢c,¢t) and the gravitational time dimension and intrinsic gravitational time
dimension (C,t/¢C,¢t) are not separated in gravitation as done in Figs. 3(a) and
3(b) in nature. What happens in reality is that although it is the proper intrinsic
gravitational time dimension ¢C,¢t’ that is curved by the presence of non-uniform
relative intrinsic gravitational speed ¢V, (¢r’) in a gravitational field, since ¢C,¢t’ is
not separated from ¢C,¢t’, both ¢c,¢t’ and ¢c,¢t’ are curved, so that the compound
intrinsic time dimension ¢cgt’ = ¢cpt’ U ¢, ¢t is curved along with the compound
intrinsic space ¢p’ = ¢p, U ¢y’ in a gravitational field, as illustrated in Fig. 3(c).
Fig. 3(c) must actually be presented in the full form within the two-world picture as
in Fig. 1.
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Figure 3: ¢)

The conclusion then is that it is the metric compound two-dimensional proper
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intrinsic spacetime (¢p’, pCot’) that is curved relative to its projective flat metric
compound two-dimensional relativistic intrinsic spacetime (¢p, ¢C¢ot) that underlies
flat metric compound four-dimensional relativistic spacetime (X, ct) in a gravita-
tional field in the contexts of the theory of gravitational relativity/intrinsic theory of
gravitational relativity (TGR/#TGR). Consequently the theories of gravity namely,
TGR, CG and MTG operate on flat compound four-dimensional metric spacetime
(Z, ct) and the theories of intrinsic gravity namely, pTGR, ¢CG and pMTG operate
on flat compound two-dimensional intrinsic metric spacetime (¢p, #Cpt) in every
gravitational field.

Again let us artificially separate the compound one-dimensional symmetry-part-
ner relativistic mass ¢&/¢C? of a particle in the straight line compound relativistic
intrinsic time dimension ¢C¢t along the vertical into its affine dynamical component
¢ea/pC; and metric gravitational component ¢e, /¢C;, where ¢eq/¢C; is resident in
the the affine relativistic intrinsic dynamical time dimension ¢C,¢t and ¢g, /¢C§ is
resident in the metric relativistic intrinsic gravitational time dimension ¢C,¢t.

The special theory of relativity (SR) and intrinsic special theory of relativity
(#SR) are yet absent in the discussion in the preceding paragraph. The term ‘rela-
tivistic’ in relativistic intrinsic mass ¢&/¢C? in relativistic intrinsic time dimension
¢cot and relativistic intrinsic mass ¢m in relativistic intrinsic space ¢p, refers to
the presence of the theory of gravitational relativity (TGR) that converts the flat
proper spacetime (X’,Ct’) containing the rest masses (My,&’/¢%) and (Mg, E’/c?)
of particles and bodies into flat relativistic spacetime (X, Ct") containing the rela-
tivistic masses (M, &/¢%) and (M, E/c?) of particles and bodies (in the absence of
SR) and the presence of the intrinsic theory of gravitational relativity (¢TGR) that
converts the flat proper intrinsic spacetime (¢p’, ¢Cot’) containing the intrinsic rest
masses (¢My, ¢&’ /¢c*) and (@M, E’ /pC?) of particles and bodies into flat relativis-
tic intrinsic metric spacetime (¢p, pCot) containing the relativistic intrinsic masses
(¢pm, pe/¢C?) and (¢M, E/¢C?) of particles and bodies (in the absence of ¢SR).

As done previously, gravitational-relativistic shall often be used to refer to the
presence of TGR, as distinct from special-relativistic that refers to the presence of
SR. The adjective relativistic shall be used to refer to either situation whenever pos-
sibility of confusion can be ruled out. The relativistic mass mor M in the relativistic
Euclidean 3-space X in the context of TGR shall be identified as the inertial mass in
the second part of this paper.

Let us artificially combine the metric gravitational-relativistic intrinsic gravi-
tational mass ¢e,/¢C; (artificially separated from ¢sq/¢C’), which is resident in
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the metric relativistic intrinsic gravitational time dimension ¢C,¢t along the vertical
with the metric compound relativistic intrinsic mass ¢min the metric compound rel-
ativistic intrinsic space ¢p along the horizontal. This gives the relativistic intrinsic
mass (¢m, pg, /qﬁc;) of the particle in flat relativistic intrinsic spacetime (¢p, ¢C,¢pt)
in the absence of special relativity and intrinsic special relativity yet.

Let us then introduce special relativity/intrinsic special relativity by considering
the gravitational-relativistic intrinsic mass (¢m, ¢,/ ¢C§) of the particle to perform
intrinsic motion at intrinsic dynamical speed ¢v on the flat relativistic intrinsic met-
ric spacetime (¢p, ¢C,¢t) relative to an observer. The possession of intrinsic speed
¢v relative to the observer of the compound intrinsic mass ¢m contained in an ele-
mentary interval of intrinsic metric space d@p, will cause it to be in intrinsic motion
along an affine intrinsic space coordinate ¢X that is inclined at an intrinsic angle
¢y relative to ¢p along the horizontal. This is so because possession of intrinsic
speed ¢v relative to the observer by the affine dynamical mass gmy will cause ¢pmy
to undergo intrinsic motion along the inclined affine intrinsic space ¢X and drag the
metric gravitational intrinsic mass ¢m, along, thereby making the metric compound
intrinsic mass ¢m = ¢m, U @Iy contained in elementary interval dgp of intrinsic
metric space ¢p to move at intrinsic speed ¢v along the inclined affine intrinsic space
X

On the other hand, the possession of intrinsic dynamical speed ¢v relative to an
observer by the metric gravitational mass ¢g, /¢C§ in the metric intrinsic gravita-
tional time dimension ¢C,¢t along the vertical, will not cause ¢g,/ ¢C§ contained in
elementary interval ¢c,d¢t of the metric intrinsic gravitational time dimension ¢C,¢t
to be in intrinsic motion along an affine intrinsic coordinate ¢c,¢f that is inclined
anti-clockwise at an intrinsic angle ¢y relative to ¢C,¢t along the vertical. Rather
dey/ ¢C§ contained in interval ¢c,d¢t will remain not rotated from ¢C ¢t along the
vertical, but will move at intrinsic speed ¢v along ¢C,¢t along the vertical.

The end of the foregoing paragraph is so because the relative intrinsic dynamical
speed ¢v in the context of #SR (or on the flat affine intrinsic dynamical spacetime
(¢x, pc,¢t) of #SR), is an absolute intrinsic speed on the flat metric intrinsic grav-
itational spacetime (¢p,, #C,¢t). Hence the possession of ¢v relative to an observer
by pe,/pC; in ¢cy¢t, will leave both ge,/¢c; and ¢c,¢t unchanged (or invariant).
Graphically this means that ¢¢, /¢c§ contained in interval ¢c,d¢t of ¢c,¢t, cannot
be in motion along an affine intrinsic coordinate that is rotated anti-clockwise by an
intrinsic angle ¢y relative to ¢C ¢t along the vertical. Rather ¢g, /qbc; contained in
¢c,dept will be moving at the intrinsic speed ¢v in ¢C ¢t along the vertical relative
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to the observer.

Possession of intrinsic dynamical speed ¢v relative to an observer by the metric
intrinsic gravitational mass ¢m, contained in interval d¢p, of the metric intrinsic
gravitational space ¢p, along the horizontal, will likewise leave both #m, and ¢p,
unchanged (or invariant). Graphically this means that ¢m, contained in d¢p, should
not be in motion along an affine intrinsic coordinate that is rotated anti-clockwise
by an intrinsic angle ¢y relative to ¢p, along the horizontal.

However since ¢my contained in d¢y is not separated from ¢m, contained in
d¢p,, thereby giving rise to the compound intrinsic mass ¢m contained in inter-
val dgp of compound intrinsic space ¢p in the artificially prescribed intrinsic mass
(¢pm, gbe/q&c;) of a particle, the intrinsic motion of ¢my contained in d@y along the
affine intrinsic space coordinate ¢, which is rotated anti-clockwise by intrinsic an-
gle ¢y relative to the horizontal, by virtue of the intrinsic speed ¢v of ¢pmy relative to
the observer, will drag ¢m, contained in d¢p,, in intrinsic motion at intrinsic speed
¢v along the inclined intrinsic affine space coordinate @X.

Whereas since only ¢g,/ ¢)C§ contained in ¢C,d¢t exists in ¢C ¢t along the ver-
tical in the artificially prescribed intrinsic mass ¢m, g, /¢C§) of the particle, there
is no rotation of ¢geq/ ¢C§ contained in ¢C,dg¢t to cause the rotation of ¢,/ ¢)C§ con-
tained in ¢C,d¢t from its vertical position. This paragraph and the foregoing two
paragraphs explain the geometry of Fig. 4(a) for the relative intrinsic motion of the
artificially prescribed ¢m, gg,/ ¢C§).
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Figure 4:

On the other hand, let us artificially combine the metric compound intrinsic mass
¢m occupying interval dgp of the metric compound intrinsic space ¢p along the
horizontal with the affine equivalent intrinsic dynamical mass ¢eqy /¢C§ occupying
interval ¢c, dgt of affine intrinsic dynamical time dimension ¢C,¢t along the vertical
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(which is artificially separated from the metric intrinsic gravitational mass ¢,/ ¢C§),
in the assumed absence of intrinsic dynamical speed ¢v relative to an observer (or
of #SR).

Let us then introduce intrinsic special relativity/special relativity by considering
the intrinsic mass (¢pm, peq/ ¢C§) of the artificial particle on the artificial flat intrinsic
space (¢p, ¢C,¢pt) to possess intrinsic dynamical speed ¢v relative to the observer.
This will cause the compound intrinsic mass ¢m contained in interval dgp of the
metric compound intrinsic space @p to be in intrinsic motion at intrinsic speed ¢v
along an affine intrinsic space coordinate ¢X that is inclined at an intrinsic angle ¢y
relative to ¢p along the horizontal, as in Fig. 4(a).

The possession of intrinsic dynamical speed ¢v relative to the observer of the
affine symmetry-partner intrinsic dynamical mass ¢eq/ ¢C§ occupying interval ¢c, d¢t
of affine dynamical intrinsic time dimension ¢C,¢t along the vertical, will likewise
cause ¢eq/ ¢C§, contained in interval ¢C,d¢t to be intrinsic motion along an affine in-
trinsic time coordinate ¢C, ¢t that is inclined anti-clockwise into the second quadrant
at intrinsic angle ¢y relative to ¢C, ¢t along the vertical. This is so because a relative
intrinsic dynamical speed ¢v is a relative intrinsic speed on the flat affine intrinsic
dynamical spacetime (dy, ¢C,¢t). Consequently possession of intrinsic dynamical
speed ¢v relative to an observer by affine intrinsic dynamical mass (¢my, peq/ Ci)
on flat (¢y, ¢C,¢t), will cause rotation of affine intrinsic frame (¢y, #C,¢t) of the
particle relative to affine intrinsic frame (¢, ¢cy¢f) of the observer.

The foregoing two paragraphs imply that possession of intrinsic dynamical speed
¢v of the artificially prescribed intrinsic mass (¢m, pq/ q)c%) of a particle on the ar-
tificial flat intrinsic spacetime (¢p, ¢C,t), will give rise to the geometry depicted in
Fig. 4(b). However it is the full form within the two-world picture of Fig. 4(b) and
its complementary diagram that must be drawn, as shall be done later in this paper.

The inclined affine intrinsic space coordinate space — straight line intrinsic met-
ric time dimension along the vertical (¢¥, ¢C,¢t) in Fig. 4(b) possesses non-Lorent-
zian ‘metric’ tensor of the Gaussian form,

d¢s’ = pcidgt’ — pgn dei” (10)

On the other hand, the inclined affine intrinsic spacetime (¢¥, ¢G ¢f) in Fig. 4(b)
possesses the intrinsic Lorentzian ‘metric’ tensor

dgs’ = gc dgt” — dei’ (11)

However Eq. (11) must be derived from the full diagram in the two-world picture
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along with its complementary diagram, as done with Figs. 8(a) and 8(b) of [9] and
as shall be re-visited later in this paper.

The conclusion that can be drawn from the above is that if the gravitational time
dimension C,t and intrinsic gravitational time dimension ¢C ¢t are the only time
dimension and intrinsic time dimension that exist along with the metric Euclidean
3-space X and its underlying straight line intrinsic metric space ¢p in every gravita-
tional field in nature, then the dynamical theories namely, SR, the special-relativistic
classical (or Newtonian) theory of motion (CM), electromagnetism (EM) and other
non-gravitational dynamical laws, will be impossible on a flat relativistic space-
time (Z, C,t) in a gravitational field, since a flat relativistic affine intrinsic spacetime
geometry of #SR and hence a flat affine spacetime geometry of SR do not exist in
Fig. 4(a).

On the other hand, if the affine dynamical time dimension Gt and affine intrinsic
dynamical time dimension ¢G¢t are the only time dimension and intrinsic time di-
mension that exist along with the metric Euclidean 3-space X and straight line metric
intrinsic intrinsic space ¢p underlying X in every gravitational field (as known until
now in physics), so that Fig. 4(b), which must be drawn in the two-world picture
along with its complementary diagram exists in every gravitational field, then SR,
CM, EM and other non-gravitational dynamical laws will be possible on a flat rela-
tivistic spacetime (Z, G,t) in every gravitational field, since Lorentzian affine intrinsic
spacetime geometry and hence Lorentzian spcetime geometry obtain in Fig. 4(a).
However TGR, CG and MTG will be impossible on the flat relativistic spacetime
(%, Gt) in this situation.

However the affine dynamical time dimension/affine intrinsic dynamical time di-
mension (C,t/¢G¢t) and metric gravitational time dimension/metric intrinsic grav-
itational time dimension (C,t/@C,¢t) are not separated in dynamics an gravity in
reality unlike as done in Figs. 4(a) and 4(b). What happens in reality is that al-
though it is the affine symmetry-partner intrinsic dynamical mass ¢eq/ ¢>c§ contained
in interval ¢G dg¢t of affine intrinsic dynamical time dimension ¢G,¢t, which pos-
sesses intrinsic dynamical speed ¢v relative to the observer and undergoes intrinsic
motion at intrinsic speed ¢v along an affine intrinsic time coordinate ¢G ¢t that is
inclined anti-clockwise at an intrinsic angle ¢y relative to ¢C, ¢t along the vertical,
as illustrated in Fig. 4(b), since ¢ey /qbci and ¢g, /¢C§ are not separated in nature,
deq /¢C§ drags ¢¢, /¢C§ along. Consequently it is the metric compound symmetry-
partner intrinsic mass ¢&/¢C> = pe,/$C; U peq/¢pC; that undergoes intrinsic motion
at intrinsic speed ¢v along the inclined affine intrinsic time coordinate ¢c,¢f in a
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gravitational field.

Thus the metric compound symmetry-partner intrinsic mass ¢&/¢c> = pe,/$pCiU
deq/ ¢C§ occupying interval ¢cdgt of the metric compound intrinsic time dimension
¢cot, which is in intrinsic motion at intrinsic dynamical speed ¢v along an affine in-
trinsic time coordinate ¢C,¢t, which is inclined into the second quadrant at intrinsic
angle ¢y relative to the metric intrinsic time dimension ¢C¢t along the vertical, must
be combined with the metric compound intrinsic mass $m = ¢m, U ¢y, occupying
interval dgp of the metric compound intrinsic space ¢p, which is in intrinsic motion
at intrinsic dynamical speed ¢v along an affine intrinsic space coordinate ¢y that is
inclined into the first quadrant at equal intrinsic angle ¢y relative to the metric com-
pound intrinsic space ¢p along the horizontal. In other words, the artificial diagram
of Fig. 4(b) must be replaced with the natural diagram of Fig. 4(c) for SR/¢SR in
every gravitational field.

Figure 4: ¢)

However it is the full form in the two-world picture of Fig. 4(c) and its com-
plementary diagram, along with their inverses, that must be drawn, from which the
intrinsic local Lorentz transformation/local Lorentz transformation (¢LLT/LLT) and
their inverses must be derived in every gravitational field, as done in [9] and as shall
be re-visited later in this paper.

Again the conclusion that follows from the natural geometry of Fig. 4(c) for
SR/¢SR in a gravitational field, is that the dynamical laws namely, SR, CM, EM
and other non-gravitational dynamical laws, operate on the flat metric compound
gravitational-relativistic spacetime (Z, ct) (prescribed in the context of the theory of
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gravitational relativity (TGR)) and the intrinsic dynamical theories namely, ¢SR,
¢CM, ¢EM and other non-gravitational intrinsic dynamical laws, operate on the flat
gravitational-relativistic intrinsic metric spacetime (¢p, pCot) prescribed by ¢TGR.

The TGR, the relativistic form (in the context of TGR) of the classical (or New-
tonian) theory of gravity (CG) and the Maxwellian theory of gravity (MTG), involv-
ing relative gravitational velocity \7g(r’) on the flat metric compound gravitational-
relativistic spacetime (X, Ct), are the counterparts of SR, the special-relativistic clas-
sical (or Newtonian) theory of motion (CM) and electromagnetism (EM), involving
dynamical velocity v relative to the observer on the flat relativistic spacetime (Z, ct)
in a gravitational field. The ¢TGR, ¢CG and #¢MTG, involving relative intrinsic
gravitational speed ¢V, (¢r’) on the flat metric compound gravitational-relativistic
intrinsic spacetime (¢p, ¢cet), are likewise the counterparts of SR, pCM and #EM,
involving intrinsic dynamical speed ¢v relative to the observer on the flat relativistic
spacetime (Zct) in every gravitational field.

2 The theory of gravitational relativity/intrinsic theory of gravitational rela-
tivity by graphical approach

As mentioned towards the end of sub-section 1.1, the first two parts of this paper
shall be devoted to the development of the theory of gravitational relativity/intrinsic
theory of gravitational relativity (TGR/#TGR); the gravitational-relativistic form
(in the context of TGR/@TGR) of the classical (or Newton’s) law of gravity/intrinsic
classical (or intrinsic Newton’s) law of gravity (CG/¢CG) and the gravitational-
relativistic form (in the context of TGR/@TGR) of the special theory of relativity
and intrinsic special theory of relativity (SR/¢SR), on the flat relativistic spacetime
(Z, ct) and its underlying flat relativistic intrinsic spacetime (¢p, Cgt) in Fig. 1.

Now the absolute intrinsic rest mass (¢, @&/ #€2) in absolute intrinsic motion
at absolute dynamical speed ¢Vq relative to the curved ‘two-dimensional’ absolute
intrinsic metric spacetime (¢, #pf) within an absolute intrinsic local Lorentz
frame on the curved (¢p, ¢p€gf), at ‘distance’ ¢f from the base of the absolute in-
trinsic rest mass (¢Mo, ¢E/p¢?) of the gravitational field source at the origin of
the curved (¢p, #Cpf) in Fig. 1, acquires the absolute intrinsic gravitational speed
¢\7g(¢f) established at ‘distance’ ¢f along the curved ¢p and ¢€of by ¢My and
PE /€2 respectively.

The absolute intrinsic dynamical speed ¢Vy of the absolute intrinsic rest mass
(P, p&/@6%) of the test particle and the absolute intrinsic gravitational speed
¢\79(¢f) within the absolute intrinsic local Lorentz frame on the curved (¢p, Cof)
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at ‘distance’ ¢f along the curved ¢p and ¢€¢f from the base of ¢M in ¢p and the
base of E /€ in ¢Eof, are then projected invariantly into the corresponding proper
intrinsic local Lorentz frame on the curved proper intrinsic spacetime (¢p’, pCopt’),
at ‘distance’ ¢r’ along the curved ¢p’ and ¢cot’ from the base of pM in ¢p’ and the
base of pE’/¢C? in ¢cet’ in Fig. 1.

Thus the intrinsic rest mass (@M, ¢’ /$C?) of the particle ‘projected’ into the
curved (¢p’, pcpt’) within the proper intrinsic local Lorentz frame on the curved
(o, pcpt’) at “distance’ ¢r’ along the curved ¢p’ and curved ¢cot’ from the base
of ¢My on curved ¢p’ and base of ¢E’/¢C> on curved ¢cet’, by the absolute in-
trinsic rest mass (¢pfy, p&/¢6>) of the particle in absolute intrinsic motion relative
to the curved (¢p, pe¢f) in Fig. 1, possesses the projective absolute intrinsic speeds
¢V, (¢f) and #V4. In addition, the intrinsic rest mass (¢Mmy, g’ /$C>) of the particle
possesses proper intrinsic gravitational speed ¢V, (¢r’) established at ‘distance’ ¢r’
along the curved ¢p’ by ¢M at the origin of the curved ¢p’ and at ‘distance’ ¢r’
along ¢cpt’ by ¢E’/¢C? at the origin of the curved ¢cgt’ in Fig. 1.

As follows from the foregoing two paragraphs, the intrinsic rest mass (¢my,
pe’ |¢C?) of the particle possesses the intrinsic speeds ¢Vg, ¢Vg(¢f) and ¢V (¢r")
within the proper intrinsic local Lorentz frame on the global curved proper intrinsic
spacetime (¢p’, pCpt’) at ‘distance’ ¢r’ along the curved ¢p’ from the base of pM,
in ¢p’ and at ‘distance’ ¢r’ along the curved ¢cet’ from the base of E’/¢C? in
$Cot’, as indicated in Fig. 1. Given that the intrinsic rest mass (¢Mya, pea/dC>) of
an observer possesses absolute intrinsic dynamical speed ¢Vga within this proper
intrinsic local Lorentz frame on the global curved (¢p’, Cgt’), then the intrinsic rest
mass (¢, &’ /¢pC?) of the particle will be in intrinsic motion at intrinsic dynamical
speed gv = Vg — ¢Vga, relative to the intrinsic rest mass (¢pMmoa, ¢>£’A/¢C2) of the
observer within this proper intrinsic local Lorentz frame on the curved (¢p’, ¢pcot’).

It follows that primed intrinsic special theory of relativity (¢SR”) can be for-
mulated for the intrinsic motion at intrinsic speed ¢v of the intrinsic rest mass
(pMy, e’ /$C?) of the particle relative to the intrinsic rest mass (¢Mya, pea/dC>) of
the observer within the proper intrinsic local Lorentz frame on the global curved
(¢p’, pcot’) at “distance’ ¢r’ along the curved ¢p’ from the base of My in ¢p’ in
Fig. 1. It also follows that the primed intrinsic classical (or intrinsic Newton’s) the-
ory of gravity (¢CG’) can be formulated in terms of the proper intrinsic gravitational
speed ¢V, (¢r’) and the associated proper intrinsic gravitational potential ¢@’(¢r’)
and proper intrinsic gravitational acceleration ¢g’(¢r’) within this proper intrinsic
local Lorentz frame on the global curved (¢p’, pCopt’).
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Further more the primed Newtonian theory of absolute intrinsic gravity (¢NAG’)
can be formulated in terms of the absolute intrinsic gravitational speed ¢\79(¢f)
and the associated absolute intrinsic gravitational potential ¢d(¢f) and absolute in-
trinsic gravitational acceleration ¢g(¢4f), which are invariantly projected into the
proper intrinsic local Lorentz frame on the global curved proper intrinsic spacetime
(o, pcgpt’) at “distance’ ¢r’ along the curved ¢p’ from the base of My in ¢p’ by
¢\A/g(¢f), dD(pf) and pg(¢f) on the curved absolute intrinsic spacetime (¢, ¢peot)
in Fig. 1. Also the primed Newtonian theory of absolute intrinsic motion (¢NAM’)
can be formulated in terms of the absolute intrinsic dynamical speed ¢Vy projected
into the proper intrinsic local Lorentz frame on the global curved proper intrinsic
spacetime (¢p’, pcot’) at distance ¢r’ from the base of My in ¢p’, as an intrinsic
speed possessed by the intrinsic rest mass (¢my, ¢’ /$C?) of the particle.

Thus the primed intrinsic theories pCG’, ¢SR’, pNAG’+ ¢NAM’ exist within the
proper intrinsic local Lorentz frame on the global curved proper intrinsic spacetime
(o', pCpt’) at “distance’ ¢r’ from the base of My in the curved ¢p’ in Fig. 1. Let the
elementary intervals dgp’ of the curved proper intrinsic space ¢p’ and elementary
interval ¢cdgt’ of the curved proper intrinsic time dimension ¢Cét’ be the dimen-
sions of this proper intrinsic local Lorentz frame on the global curved (¢p’, ¢pCot’).
Then the intrinsic local Lorentz frame shall be denoted by (d¢gp’, pcdgt’). It con-
tains the intrinsic rest mass (¢my, ¢e’/¢C>) of the particle and harbors the primed
intrinsic theories pCG’, pSR’, pNAG’ and pNAM'.

The primed intrinsic local Lorentz frame (dgp’, ¢cdgt’) on the global curved
proper intrinsic spacetime (¢p’, ¢Cot’), with the intrinsic rest mass (¢my, ¢&’ /$C*)
of the particle and the primed intrinsic theories CG’, ¢SR’, pNAG’ and pNAM’
within it, is then projected as the unprimed intrinsic local Lorentz frame (d¢gp,
¢cdgt) on the global flat relativistic intrinsic spacetime (¢p, pCpt) with the gravita-
tional-relativistic intrinsic mass (¢m, ¢&/¢c?) of the particle and the gravitational-
relativistic (or unprimed) intrinsic theories ¢CG, ¢SR, pNAG and ¢NAM within it
in Fig. 1.

The projective unprimed intrinsic local Lorentz frame (dgp, #dcgt) and the grav-
itational-relativistic intrinsic mass (¢m, ¢/$C?) of the particle and the gravitational-
relativistic intrinsic theories ¢CG, ¢SR, pNAG and #NAM in it on the global flat
relativistic intrinsic spacetime (@p, ¢C¢t), are then made manifest in the unprimed
local Lorentz frame, containing the gravitational-relativistic mass (m, &/ c?) of the
particle and harboring the unprimed theories CG, SR, NAG and NAM within it on
the global flat relativistic spacetime (X, ct) in Fig. 1.
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The foregoing paragraph is further summarized as the following transforma-
tions:

(dgp’, pcdgt’) — (dop, pedet);
(pMy, @&’ [$C) — (¢, pe/PCP);
(¢CG’, SR, pNAG’, pNAM') — (¢CG, ¢SR, ¢NAG, pNAM),

in the context of the intrinsic theory of gravitational relativity (¢ TGR), which are
made manifest outwardly in the following transformations:

(dr’,r’'d¢’,r’' sin@'dy’, cdt’) — (dr, rdd, r sin 8dy, cdt);

(My, &' /%) = (M &/C?);
(CG’, SR, NAG',NAM') — (CG, SR, NAG, NAM),

in the context of the theory of gravitational relativity (TGR).

Now global curved four-dimensional proper spacetime (X', Ct’) does not exist
along with global curved two-dimensional proper intrinsic spacetime (¢p’, #C¢t’) in
Fig. 1. Thus there is nowhere to place the proper local Lorentz frame in Fig. 1.
It shall therefore be placed on the global flat proper spacetime (X', ct’) in Fig. 11
of [6] at the first stage of evolutions of spacetime/intrinsic spacetime and para-
meters/intrinsic parameters in a gravitational field, which endured for no moment
before evolving to the final Fig. 1 at the second stage.

The program of this first part and the second part of this paper is the following

1. Derivation of intrinsic metric spacetime coordinate interval transformations,
intrinsic mass and other intrinsic parameter transformations in the context of
¢TGR and derivation of the gravitational-relativistic intrinsic theories ¢GC
and ¢SR within intrinsic local Lorentz frames on the global flat relativistic in-
trinsic spacetime (¢p, ¢Cot), in terms of the gravitational-relativistic intrinsic
parameters gm, ¢pO(¢r) and ¢pg(¢r) obtained; and

2. Derivation of metric spacetime coordinate interval transformations, mass and
other parameter transformations in the context of TGR and derivation of the
gravitational-relativistic theories GC and SR within local Lorentz frames on
the global flat relativistic spacetime (Z, ct), in terms of the gravitational-relat-
ivistic parameters m, ®(¢4r) and g(¢r) obtained.

There are two approaches towards the accomplishment of items 1 and 2 above
namely, a graphical approach to be developed in this first part of this paper and
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an analytical approach, to complement the graphical approach, to be developed in
the second part of this paper.

The rest of this section shall be devoted to the development of TGR/#TGR by the
graphical approach, while the next section shall be devoted to the development of
SR/#SR by the graphical approach on flat spacetime in a gravitational field, upon the
flat spacetime/intrinsic spacetime (X, ct)/(dp, ¢Cpt) and mass/intrinsic mass (m/¢m)
that evolve in the context of TGR/¢TGR. Actually the TGR/¢TGR by the graphical
approach has been accomplished to a large extent in section 2 of [2]. We shall be
repeating section 2 of [2], while adding some important details in the rest of this
section.

2.1 Derivation of intrinsic gravitational local Lorentz transformation graphi-
cally and validating intrinsic gravitational local Lorentz invariance in the
context of the intrinsic theory of gravitational relativity

The global spacetime/intrinsic spacetime diagrams of combined first and second
stages of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic para-
meters in a gravitational field of arbitrary strength of Figs. 7 and 8 and their inverses
Figs. 9 and 10 of [2] are required here. Figs. 7 and 8 and [1] have been repro-
duced as Figs. 1 and 2 of this paper, while incorporating the flat absolute-absolute
intrinsic-intrinsic spacetimes (¢¢5, ¢¢é¢¢%) of our universe and (—¢¢f)*,—¢¢é¢¢%“)
of the negative universe isolated in [3], which could not appear in Figs. 7 — 10 of [2].
However the inverses of Figs. 1 and 2 of this paper have not been drawn on order to
conserve space.

The local spacetime/intrinsic spacetime diagrams (within a local Lorentz frame)
shown as Figs. 11 and 12 and their inverses as Figs. 13 and 14, drawn from the
global geometries of Figs. 7 and 8 and their inverses of Figs. 9 and 10 respectively,
within a gravitational field of arbitrary strength in [2], shall be reproduced as Figs. 5
— 8 here.

The local spacetime/intrinsic spacetime diagram of Fig. 5 is valid with respect
to 3-observers in the relativistic Euclidean 3-spaces X and —X* of our universe and
the negative universe. It has been drawn within a proper (or primed) intrinsic local
Lorentz frame at ‘distance ¢r’ along the curved proper intrinsic space ¢p’ from
the base of the intrinsic rest mass My of the gravitational field source located at
the origin of the curved proper intrinsic space ¢p’ in Fig. 1 of this paper, which
corresponds to unprimed intrinsic local Lorentz frame at ‘distance’ ¢r along the
straight line relativistic intrinsic space ¢p along the horizontal, from the base of
the gravitational-relativistic intrinsic mass M of the gravitational field source in
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Figure 5:

¢p and unprimed local Lorentz frame at radial distance r from the center of the
gravitational-relativistic mass M of the assumed spherical gravitational field source
in 2. Spherical gravitational field sources shall be assumed until such a time when
the Maxwellian theory of gravity (MTG) shall be developed when non-spherical
gravitational field sources shall be brought in.

The explanation of the derivation of Fig. 5 from Fig. 7 of [2] or from Fig. 1 of this
paper is as done for the derivation of Fig. 6 from Fig. 1 in [1]. The partial intrinsic
gravitational local Lorentz transformation derivable with respect to 3-observers in
the relativistic Euclidean 3-space X in our universe from Fig. 5, which has been
derived in [2], is the following

dgp” = dgpsecdy,(gr’) — pc,det tan gy, (4r'); }

12
(w.r.t. 3 — observers in X) (12)

The complementary diagram to Fig. 5, which is valid with respect to 1-observers
in the time dimensions ct and —Ct* of our universe and the negative universe respec-
tively, is depicted as Fig. 6. Fig. 6 has been drawn within the same local Lorentz
frame as Fig. 5, from the global geometry of Fig. 8 of [2] or Fig. 2 of this paper,
with the same explanation for drawing Fig. 7 from Fig. 3 in [1].
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Figure 6:

The partial intrinsic gravitational local Lorentz transformation derivable with
respect to 1-observers in the relativistic time dimension Ct of our universe from
Fig. 6, which has been derived in [2] is the following

gedgt’ = gedgt sec pury(@r') — dp tan iy (4r7); } (13)

(w.r.t. 1 — observers in Ct)

By collecting Eqs. (12) and (13) we obtain the full intrinsic gravitational local
Lorentz transformation (¢GLLT) derivable from Figs. 5 and 6 as follows

dep’ = depsecduy(@r') — ¢C,dpt tan gy (4r");
(w.r.t. 3 — observers in X); (14)
gedgt’ = pedgt sec gy (') — dep tan iy (¢1”);

(w.r.t. 1 — observers in Ct)

There is an inverse to system (14), which must be derived from the inverses to
Figs. 5 and 6. The inverse to Fig. 5 is depicted in Fig. 7. Fig. 7 has been drawn within
the same local Lorentz frame as Figs. 5 and 6, from the global geometry of Fig. 9
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of [2] or from the undrawn inverse to Fig. 1 of this paper, with same explanation for
drawing Fig. 8 from Fig. 4 in [1].
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Figure 7: The inverse to the spacetime/intrinsic spacetime geometry to Fig. 5 at
the second stage of evolutions of spacetimes/intrinsic spactimes within symmetry-
partner gravitational fields in the positive and negative universes that is valid with
respect to 1-observers in the relativistic time dimensions in the two universes.

Fig. 7 is valid with respect to 1-observers in the relativistic time dimensions
ct and —ct* of our universe and the negative universe. The explanation of this is
the same as given for the validity of Fig. 8 of [1] and Fig. 9 of [2] with respect to
1-observers in ct’ and —ct”* in those diagrams.

The partial inverse intrinsic gravitational local Lorentz transformation that is
derivable with respect to 1-observers in Ct in our universe from Fig. 7, which has
been derived in [2] is the following

dgp’ = dgp’ sec¢t//g(¢r'>+¢cd¢t’tan¢wg(¢r’>;}

15
(w.r.t. 1 — observers in ct) (13

The inverse to Fig. 6 is depicted as Fig. 8. Again Fig. 8 has been drawn within
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the same local Lorentz frame as Fig. 5 — Fig. 7, from the global geometry of Fig. 10
of [2] or the inverse to Fig. 2 (not drawn) of this paper, with same explanation for
drawing Fig. 9 from Fig. 5 in [1].
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Figure 8: The inverse to the spacetime/intrinsic spacetime geometry to Fig. 6 at
the second stage of evolutions of spacetimes/intrinsic spactimes within symmetry-
partner gravitational fields in the positive and negative universe that is valid with
respect to 3-observers in the relativistic Euclidean 3-spaces in the two universes.

Fig. 8 is valid with respect to 3-observers in the relativistic Euclidean 3-spaces
Y and —X* of our universe and the negative universe. the explanation of this is as
given for the validity of Fig. 9 of [1] or Fig. 10 of [2] with respect to 3-observers in
Y and —X* in those diagrams.

The partial intrinsic gravitational local Lorentz transformation that can be de-
rived with respect to 3-observers in X in our universe from Fig. 8, which has been
derived in [2] is the following

¢cdgt = gedgt’ sec gy, (or’) + dgp’ tan g, (¢r’); }

16
(w.r.t. 3 — observers in X) (16)

By collecting Egs. (14) and (15) we obtain the full inverse intrinsic gravitational
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local Lorentz transformation (inverse ¢GLLT), that is, inverse to system (14), as
follows

dep” sec gy (gr’) + gedgt’ tan iy (4r');
(w.r.t. 1 — observers in ct)¢cdgt,
gedet’ sec gy (¢r’) + dgp’ tan dyry(4r”);

(w.r.t. 3 — observers in X)

dep

A7)

The elementary indefinitely short intervals d¢p’ and ¢cdgt’ that appear in Figs. 5
— 8 and in systems (14) and (17), have been taken about ‘distance’ ¢r’ along the
curved ¢p’ from the base of pMj in ¢p’ and along the curved ¢cot’ from the base
of $E’/¢C? in ¢cgt’ in Figs. 7 and 8 of [2] or Figs. 1 and 2 of this paper. They
are the intrinsic dimensions of the proper (or primed) intrinsic local Lorentz frame
(dgp’, pcdet’) on the global curved proper intrinsic spacetime (¢p’, pcopt’) at “dis-
tance’ ¢r’ along the curved ¢p’ from the base of M in ¢p’ in those figures, as
mentioned earlier. They project elementary intervals dgp and ¢cdgt of relativistic
intrinsic space and relativistic intrinsic time dimension at ‘distance’ ¢r along ¢p
from the base of M in ¢p along the horizontal and at ‘distance’ ¢r along ¢cgt from
the base of E/¢C? in ¢Cet along the vertical.

The projective elementary intrinsic coordinate intervals dgp and ¢cdgt are the
intrinsic dimensions of the relativistic (or unprimed) intrinsic local Lorentz frame
(depp, pcdet) on flat relativistic intrinsic spacetime (¢p, pCet) at ‘distance’ ¢r along
¢p from the base of M in ¢p in Figs. 7 and 8 of [2] or Figs. 1 and 2 of this paper.

As derived in [2], the relative intrinsic angle ¢y, (¢r’) is related to the relative
intrinsic gravitational speed ¢V, (¢r’) within the intrinsic local Lorentz frame at dis-
tance’ ¢r’ along the curved ¢p’ from the base of ¥My in ¢p” in Fig. 1 as

AVACI0
singyy(¢r') = ——— = @B, (¢1") (18a)
¢C,
V’( r,)z
cos Y, (pr') = \/1 - % = gy, (o) (18b)
g

By using Eqgs. (18a) and (18b), the ¢GLLT (14) and its inverse (17) can be
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written explicitly in terms of intrinsic gravitational speed respectively as follows

dep” = ¢yy(@r')(dgp — pV (g1 )det);
(w.r.t. 3 — observers in X);
$Vy(gr") (19)
dot = gy, (ordet — — —ddp);
g

(w.r.t 1 — observers in Ct)

and
dép = ¢y, (¢r')(dsp’ + ¢V, (o' )det’);
(w.r.t. 1 — observers in Ct);
AC)) (20)
dgt = gy, (gr)(dgt’ + %dcpp');
9

(w.r.t 3 — observers in X)

As also derived in [2], the intrinsic gravitational speed ¢V, (¢r’) is related to the
intrinsic rest mass ¢ M of the gravitational field source as

PV, (¢')* = 2GpMo /g1’

However this relation must now be written in terms of the immaterial intrinsic ac-
tive gravitational mass (or gravitational charge), after introducing the gravitational
charge that is imperceptibly hidden within the rest mass as the source of gravita-
tional speed, gravitational potential and gravitational acceleration in [6], as already
done in [4]; see Eq. (119) of [4]. In other words, we must replace the last equation
by the following

#V;(¢")* = 2GpMoa/¢r’ @21

Then the relations (18a) and (18b) can be written in terms of 2G¢Mga /¢r’ as

2GoM
singuy @) = [T = 05,01 (20)
, 2GoM .
cosdun(@r) = 1= =0t = gy (220)

By using Egs. (22a) and (22b), the ¢GLLT (14) or (19) and its inverse (17)
or (20) can be written explicitly in terms of the intrinsic gravitational parameter
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2G¢pMoa/pr’ respectively as follows

2GpM
oo’ = gy, or')ddp — \| 5 do:
(w.r.t. 3 — observers in X);
(23)
;o , _ [2G#Moa _
(w.r.t 1 — observers in ct)
and
2GopM
dgpo = ¢y,(or')(dep’ + —:;’r, % Gty
(w.r.t. 1 — observers in Ct);
(24)

_ , , 2GpMoa . ..
dgt = ¢y,(or)(det’ + "—¢r'¢03 dep’);

(w.r.t 3 — observers in X)

where ¢y, (¢r) is given by Eq. (22b).
As also derived in [2], the ¢GLLT (14), (19) or (23) or its inverse (17), (20) or
(24) leads to intrinsic gravitational local Lorentz invariance (¢ GLLI)

pCdpt? — dop?® = pcdet”? — dep’ (25)

This invariance obtains at every point on the curved proper intrinsic spacetime
(0, pCcpt’) and at every point on the flat relativistic intrinsic spacetime (¢p, pCeht)
in Figs. 1 and 2, showing formally that the relativistic intrinsic spacetime (¢p, pCet)
is everywhere flat in every gravitational field.

Another results derived in [2] is the intrinsic gravitational length contraction and
intrinsic gravitational time dilation implied by the GLLT and its inverse. In order
to do this, only the intrinsic coordinate interval transformations derived with respect
to 3-observers in the Euclidean 3-space X in the ¢GLLT and its inverse are relevant,
since these are the observers that observe or measure length contraction and time
dilation. By collecting the intrinsic coordinate interval transformations with respect
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to 3-observers in X in systems (14) and (17) we have

dgp’ = ddpsecdyry(¢r’) — ¢Cydet tan gy (¢r');

(w.r.t. 3 — observers in X);

pedet’ sec gy (@r') + dep’ tan g (¢r”);

(w.r.t. 3 — observers in X

26
¢cdgt (20

Now when a hypothetical intrinsic 1-observer in the relativistic intrinsic space
¢p underlying X, with respect to whom the first equation of system (26) is also valid,
picks his intrinsic laboratory rod to measure the resultant intrinsic coordinate inter-
val projected into the relativistic intrinsic space ¢p along the horizontal in Fig. 5,
given by the right-hand side of the first equation of system (26), he will be able to
measure the term d¢p sec ¢y (¢r’) but not the term ¢cdgt tan gy, (¢r’). Likewise
when the hypothetical intrinsic 1-observer in the intrinsic space ¢p underlying X,
with respect to whom the second equation of system (26) is also valid, picks his lab-
oratory clock to measure the resultant intrinsic coordinate interval projection into
the relativistic intrinsic time dimension ¢C¢t in Fig. 6, expressed by the right-hand
side of the second equation of system (26), he will be able to measure the term
¢pcdpt’ sec gy, (¢r’) but not the term dgp” tan ¢y, (¢r”).

Thus by collecting the terms that are measurable with intrinsic laboratory rod
and intrinsic laboratory clock in system (26) by intrinsic 1-observer in ¢p we have

dep
ot

dgp’ cos g, (¢r') (27a)
det’ sec gy, (pr”) (27b)

Equations (27a) and 27(b) are mere intrinsic coordinate interval projections with
respect to intrinsic 1-observers in ¢p and 3-observers in the relativistic Euclidean
3-space X overlying ¢p.

The forms of Egs. (27a) and (27b) implied by system (19) and (20) are the
following

oV (12"
dgp = m(w’)‘ldzﬁp’:(l—;T] dep’ (28a)
g
oV, 9r)*)"
dgt = ¢7g(¢r’)d¢t’=(1—;T] det’ (28b)
g

And the form of Egs. (27a) and (27b) implied by systems (23) and (24) are the
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following
2GopMoa |
_ -1 ; _ _ a /
dgp = ¢dy,(¢r') dgp’ = (1 —¢W¢C§ ] dep (29a)
_ ’ ’ _ 2G¢MOEI -l ’

Equations (27a) and (27b), Egs. (28a) and (28b) and Egs, (29a) and (29b) are
alternative forms of intrinsic gravitational length contraction and intrinsic gravita-
tional time dilation formulae in the context of the intrinsic theory of gravitational
relativity (¢TGR). They pertain to the measurable sub-space of the total space of
¢TGR, where the total space of #TGR is the flat relativistic intrinsic spacetime
(¢p, pcot) in Fig. 1.

Let us obtain a graphical representation of the measurable sub-space of ¢TGR,
to which the intrinsic gravitational length contraction and intrinsic gravitational time
dilation formulae pertain. We must simply combine the lower half of the first quad-
rant of Fig. 5 and the upper half of the first quadrant of Fig. 8, both of which are
valid with respect to 3-observers in the relativistic Euclidean 3-space X, into one
diagram depicted in Fig. 9.

BV, @)
A-oV,@1)

———————————

Figure 9: The measurable sub-space of the space of $TGR to which intrinsic grav-
itational length contraction and intrinsic gravitational time dilation formulae in the
context of ¢TGR pertain with respect to 3-observers in the Euclidean 3-space X.

The intrinsic coordinate interval projection relations that can be derived with
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respect to 3-observers in the Euclidean 3-space X from Fig. 9 are

dgp = dep’ cos diry(¢r') 5 pedgt = pedgt’ cos (1),

which are the same as Eq. (27a) and (27b).

Fig. 9 and the intrinsic gravitational length contraction and intrinsic gravitational
time dilation formulae derivable from it are valid with respect to 3-observers in the
relativistic Euclidean 3-space X overlying the relativistic intrinsic space ¢p along the
horizontal. It is important to note that there is no projection of the inclined ¢cdgpt
along the horizontal and no projection of the inclined dgp’ along the vertical in the
measurable sub-space of TGR of Fig. 9.

2.2 Derivation of intrinsic mass relation in the context of TGR by the graphical
approach

Now in the hypothetical situation of the absence of relative intrinsic gravitational
speed but the presence of non-uniform absolute intrinsic gravitational speed ¢Vg(¢f)
along the straight line proper intrinsic space ¢p” along the horizontal in Fig. 3 or 4
of [6], the intrinsic rest mass ¢my of a particle located at ‘distance’ ¢r’ along the
straight line ¢p” along the horizontal from the base of the intrinsic rest mass ¢ M, of
the gravitational field source in ¢p’, is equivalent to intrinsic total energy my¢c>.

If we now allow the intrinsic rest mass ¢ My of the gravitational field source to
establish relative intrinsic gravitational speed ¢V, (¢r’) at ‘distance’ ¢r’ along the
straight line ¢p’ along the horizontal where ¢my is located, then the interval degp’
of ¢p’ about this point containing ¢my will be inclined at intrinsic angle ¢y, (¢r’)
relative to the horizontal and project interval d¢gp of relativistic intrinsic space along
the horizontal, as illustrated in Fig. 9. The intrinsic rest mass of the test particle
still possessing intrinsic total energy ¢pmy¢c? is inclined along d@p’ and ‘projects’
intrinsic grav- itational-relativistic mass ¢m contained within the projective interval
dgp along the horizontal. The ‘projective’ gravitational-relativistic intrinsic mass
¢Mis equivalent to intrinsic total energy #mgc> within dgp along the horizontal, as
illustrated in Fig. 9.

The intrinsic mass relation in the context of TGR is a relationship between
the intrinsic rest mass ¢my, contained within the inclined d¢p’ and the ‘projective’
gravitational-relativistic intrinsic mass ¢m contained within the projective d¢p along
the horizontal in Fig. 9. In other to derive that relationship, let us re-write Eq. (18b)
as follows

9C oS By (@1') = g1 — BV (01 /9 (30)
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The interpretation of this equation is that the compound intrinsic speed of signals ¢C
at every point of the inclined interval of proper intrinsic metric space ¢p’ projects
a component ¢Ccos ¥, (¢r’) into every point of the projective interval of relativistic
intrinsic metric space d@p along the horizontal. Let us obtain the square of Eq. (30)
and multiply the result by ¢my to have

PMoBC’ cos” gy (Br') = pmogC’ (1 — ¢V, (¢1')*/6C;) 31

The implication of Eq. (31) is that the intrinsic total energy ¢pmy@C> of the test
particle in the inclined proper intrinsic space interval dgp’ ‘projects’ gravitational-
relativistic intrinsic total energy ¢pmy¢c? cos? oY y(gr’) into the projective relativistic
intrinsic space interval d@p along the horizontal in Fig. 9.

Thus what has been written as #mgc> within dgp in Fig.9 is the same as
dMypC? cos? gy, (¢r’), from which we have

PpMpC* = pMogC* cos” i, (1)

Hence
¢m = gimy cos” gy, (r”) (32)
or ’ N2
¢m = pmy [1 - %} (33)
or
gm = gm, [1 - 2¢Gf—¢'\f§;‘) (34)

Egs. (32) — (34) are alternative forms of the intrinsic mass relations in the context
of ¢TGR, which shall be re-derived by an alternative analytical approach in the
second part of this paper. The intrinsic mass relation in the context of TGR is a
new result not derived in [2].

As mentioned earlier, the gravitational-relativistic intrinsic mass ¢m (= ¢my
><¢yg(¢r’)‘2) in the context of TGR, shall be referred to as gravitational-relativistic
intrinsic mass. Indeed every relativistic (or unprimed) parameter on the flat rela-
tivistic spacetime (Z, ct) in Fig. 1, which evolves from the corresponding proper (or
classical) parameter on the flat proper spacetime (X', ct’) in Fig. 11 of [6] in the
context of TGR, shall be referred to as the gravitational-relativistic parameter.

The intrinsic gravitational local Lorentz transformation (#GLLT) in the alter-
native forms of systems (14), (19) and (23) and its inverse in the alternative forms
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(17), (20) and (24); the validation of intrinsic gravitational local Lorentz invariance
(¢GLLI) (25); the intrinsic gravitational length contraction and intrinsic gravita-
tional time dilation formulae in the alternative forms of Egs. (27a-b), (28a-b) and
(29a-b) and the intrinsic mass relation in the context of #TGR in the alternative
forms of Eqgs. (32) — (34), all derived graphically in this sub-section and the previ-
ous one are sufficient results of $TGR for now. Other results shall be added from
the analytical approach in the second part of this paper.

3 Intrinsic special theory of relativity (#SR) and combined ¢SR and ¢TGR
on flat intrinsic spacetime in a gravitational field by the graphical approach

The flat four-dimensional relativistic spacetime (Z, ct) and its underlying flat two-
dimensional relativistic intrinsic spacetime (¢p, #C¢t) in Fig. 1 and 2, which evolve
in the context of the theory of gravitational relativity (TGR) and intrinsic theory
of gravitational relativity (¢ TGR) respectively, constitute the flat spacetime for the
special theory of relativity (SR) and flat intrinsic spacetime for the intrinsic special
theory of relativity (#SR) in a gravitational field of arbitrary strength.

It is the gravitational-relativistic mass m that evolves in the relativistic Euclid-
ean 3-space X in the context TGR that undergoes relative motion on the flat rela-
tivistic spacetime (Z, ct) in the context of SR in every gravitational field and it is the
gravitational-relativistic intrinsic mass ¢m that evolves in the relativistic intrinsic
space ¢p, given in the alternative forms of Eqs. (32) — (34), that undergoes relative
intrinsic motion on the flat relativistic intrinsic spacetime (¢p, ¢C¢t) in the context
of #SR in every gravitational field.

The unprimed (or gravitational-relativistic) intrinsic special theory of relativity
(¢SR), involving the gravitational-relativistic intrinsic mass ¢m in relative intrinsic
motion within an unprimed intrinsic local Lorentz frame on flat relativistic intrinsic
spacetime (@p, ¢pCet), to be developed in this section, is the projection of the primed
intrinsic special theory of relativity (#SR’), involving the intrinsic rest mass ¢y of
the particle or object in relative intrinsic motion within the corresponding proper
(or primed) intrinsic local Lorentz frame on the curved proper intrinsic spacetime
(¢p’, pcpt’) in Fig. 1.

The unprimed (or gravitational-relativistic) special theory of relativity (SR), in-
volving the gravitational-relativistic mass m of the particle or object in relative mo-
tion within the corresponding local Lorentz frame on the flat four-dimensional rela-
tivistic spacetime (Z, ct) is the outward (or physical) manifestation of #SR.

643A. Joseph. Formulating gravity and motion at second stage of evolutions of spacetime.. .. 1.



Vol. 1(3B) : Article 14 THE FUNDAMENTAL THEORY ... (M) Mar, 2012

3.1 Derivation of intrinsic local Lorentz transformation (§LLT) and its inverse
and validating intrinsic local Lorentz invariance (LLI) of ¢SR on the flat
relativistic intrinsic spacetime of TGR by the graphical approach

In order to derive combined ¢TGR and ¢SR, we must simply formulate ¢SR on the
flat relativistic intrinsic spacetime (¢p, ¢C¢t) in terms of the gravitational-relativistic
intrinsic mass gmof the test particle, which evolved in the context of #TGR, derived
in sub-section 2.2, as the intrinsic mass that undergoes intrinsic motion relative to
the observer in every gravitational field.

Let the gravitational-relativistic intrinsic mass (¢m, ¢=/¢C?) of a particle occupy
a little relativistic intrinsic metric spacetime (d¢p, pcdgt) of the flat two-dimensional
relativistic intrinsic spacetime (¢p, pC¢pt) of pTGR. Let us denote the intrinsic affine
spacetime frame attached to (¢m, ¢p&/¢C?) by (¢X, pCepf) — this is the particle’s intrin-
sic affine spacetime frame on the flat relativistic intrinsic metric spacetime (¢p, #C¢pt)
in every gravitational field (denoted by (¢X, ¢cgf’) on the flat proper intrinsic metric
spacetime (¢p’, pCot’) in the absence of relative gravity at the first stage of evolu-
tions of spacetime/intrinsic spacetime and parameters/intrinsic parameters in every
gravitational field in [6] and [4]).

As the gravitational-relativistic intrinsic mass (¢m, ¢/¢C>) moves at intrinsic
dynamical speed ¢v relative to the observer within an intrinsic local Lorentz frame
on flat intrinsic metric spacetime (¢p, #Cet), it becomes the special-relativistic cum
gravitational-relativistic intrinsic mass in the context of combined ¢SR and #TGR
(or in the context of #SR+@TGR) on the flat (¢p, pcot). The special-relativistic
cum gravitational-relativistic intrinsic mass shall be denoted by (¢, ¢&/¢C?), where
¢M = yg(pv)pmand pg/¢C> = ¢yy(dv)pe/dC>. The special-relativistic cum gravi-
tational-relativistic intrinsic mass (¢, ¢&/¢C>) occupies a little intrinsic metric
spacetime interval to be denoted by (d¢@p, pcdegt) of the global flat relativistic in-
trinsic spacetime (dgp, ¢pcdgt).

Let us denote the intrinsic affine spacetime frame attached to (¢m, $E/$C%) by
(¢X, pcgt) — this is the observer’s intrinsic affine spacetime frame on the flat relativis-
tic intrinsic metric spacetime (¢p, #C¢pt) in a gravitational field of arbitrary strength
(denoted by (¢X, pcef) on flat proper intrinsic spactime (¢p’, Cét’) in the absence
of relative gravity at the first stage of evolutions of spacetime/intrinsic spacetime in
a gravitational field in [6] and 13).

As developed in [9] and applied in section 2 of [4], the intrinsic motion of the
gravitational-relativistic mass (¢m, ¢s/¢c%) of the particle at intrinsic dynamical
speed ¢v will give rise to the spacetime/intrinsic spacetime geometry of ¢SR in a
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gravitational field in the two-world picture depicted in Fig. 10.
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Figure 10:

Fig. 10 is valid relative to symmetry-partner 3-observers (Peter and Peter*)
in the relativistic Euclidean 3-spaces X and —X* in our universe and the negative
universe. Fig. 10 is the same as Fig. 8(a) of [9], except that the intrinsic rest
mass (@M, pe’/¢C%) and the intrinsic special-relativistic mass (¢m, ps/$pC); pm =
dya(dv)pmy of the particle in intrinsic motion relative to the observer were not
shown in Fig. 8(a) of [9].

Further more, the affine intrinsic space coordinates denoted by ¢X' and ¢X in in
the assumed absence of gravitational field [9] are denoted by ¢X and ¢X respectively
in a gravitational field in Fig. 10. The affine intrinsic time coordinates denoted
by ¢cot’ and ¢cgf in [9], are denoted by ¢c,¢f and ¢c, ¢t respectively in Fig. 10.
Fig. 10 on flat relativistic spacetime (X, ct) of TGR in a relative gravitational field,
at the second stage of evolutions of spacetime/intrinsic spacetime, corresponds to
Fig. 4 of [4] on flat proper spacetime (X', Ct’) in the absence of relative gravity at the
first stage.

As first introduced in [8] and discussed further in sub-section 1.3 of this paper,
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the intrinsic time dimension ¢C¢t is composed of the affine dynamical component
¢C, ¢t and the metric static (or gravitational) component ¢C,¢t. The affine intrin-
sic dynamical time coordinates must appear in ¢SR, as discussed in sub-section 1.3
of this paper and must be denoted by ¢c,f and ¢C,¢t, as done one in Fig. 10. In-
deed Fig. 10 is the full two-world form of the partial spacetime/intrinsic spacetime
geometry of SR/#SR of Fig. 4(c) in a gravitational field field. The concept of time
dimension being composed of the affine dynamical and metric gravitational compo-
nents was unknown in [9], hence the affine intrinsic time coordinates were denoted
by ¢cot’ and ¢cgf in that paper.

The intrinsic affine coordinates are represented by broken lines, while the in-
trinsic metric space ¢p and intrinsic metric time dimension ¢C¢t are represented
by dotted lines as usual in Fig. 10. The little intrinsic metric spacetime inter-
val (d¢p, ¢pcdet) contained within the gravitational-relativistic intrinsic mass (¢m,
¢e/¢C?) is located at the end of the inclined extended affine intrinsic spacetime
(%, ¢c,¢l) of the particle’s intrinsic frame and the little intrinsic metric spacetime
interval (d¢p, cdpt) contained within the gravitational-relativistic cum special-
relativistic intrinsic mass (¢, ¢p&/¢C?) is located at the end of the projective ex-
tended affine intrinsic spacetime (¢X, ¢c,¢t) of the observer’s intrinsic frame in
Fig. 10. The projective affine intrinsic coordinates ¢X and ¢>Cﬁ lie along the in-
trinsic metric space ¢p and intrinsic metric time dimension ¢C¢t respectively, but
they cannot alter ¢p and @Cot.

The global flat relativistic intrinsic metric spacetime (¢p, $C¢t) that evolved in
the context of TGR is not affected by the intrinsic motion on the flat intrinsic
metric spacetime (¢p, Cpt) of the intrinsic mass of a particle relative to an ob-
server. However the little gravitational-relativistic intrinsic metric spacetime inter-
val (dgp, ¢pcdgt) contained within the intrinsic gravitational-relativistic mass (¢m,
#e/pC?) of $TGR is transformed into little gravitational-relativistic cum special-
relativistic intrinsic metric spacetime interval (d¢p, #cd@t) contained within the in-
trinsic gravitational-relativistic cum special-relativistic mass (¢, ¢g/¢C’) that
evolves at the top of the intrinsic observer’s frame (¢):(, gbcyqbf), due to the intrin-
sic motion of (¢m, ¢&/¢C?) relative to the observer (or in the context of combined
¢TGR and ¢SR).

The partial intrinsic local Lorentz transformation (in the context of #SR), which
can be derived from Fig. 10 with respect to the 3-observer (Peter) in the relativistic
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Euclidean 3-space X, as done from Fig. 8(a) of [9], is the following

¢X =  gXsec Py — $C ¢t tan Gig; } 5)

(w.r.t. 3 — observer Peter in X)

The complementary diagram to Fig. 10 that co-exists with Fig. 10, which is valid
with respect to 1-observers Peter and Peter* in the time dimensions ct and —ct* of
our universe and the negative universe is depicted in Fig. 11.
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Figure 11:

Fig. 11 is the same as Fig. 8(b) of [9], except for the same differences between
Fig. 8(a) of [9] and Fig. 10, discussed above, which also exist between Fig. 8(b)
of [9] and Fig. 11.

The partial intrinsic local Lorentz transformation (in the context of $SR), which
can be derived from Fig. 11 with respect to 1-observer Peter in the relativistic metric
time dimension ct, as done from Fig. 8(b) of [9], is the following

9,08 = po,plsec py — ¢Xtan d: } 36)

(w.r.t. 1 — observer Peter in ct)
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By collecting Egs. (35) and (36) we obtain the full intrinsic local Lorentz trans-
formation (¢LLT) (in the context of #SR) as follows

¢ = ¢Xsec g — GC, Pt tan dyg;

(w.r.t. 3 — observer Peter in X)

¢C, gt sec prg — $pXtan dirg;

(w.r.t. 1 — observer Peter in ct)

(37

¢c, ot

There is an inverse to system (37), which must be derived from the inverses to
Figs. 10 and 11. While Figs. 10 and 11 are essentially the same as Figs. 8(a) and
8(b) of [9], as mentioned above, the inverses to Figs. 10 and 11 are essentially the
same as the inverses to the inverses of Figs. 8(a) and 8(b) of [9] namely, Figs. 9(a)
and 9(b) of that paper. The inverses to Fig. 10 and 11 shall not be drawn here in
order to conserve space, while the inverse to system (37) shall just be written as

follows .
PX = ¢Xsecyq + ¢C,¢ltan gpiyg;
(w.r.t. 1 — observer Paul in ct)
. (38)
gc,ot = @c pisec pyg + ¢pXtan dyg;

(w.r.t. 3 — observer Paul in X)

The intrinsic local Lorentz transformation (¢LLT) of system (37) and its inverse
of system (38) are described as local because the intrinsic affine coordinates that
appear in them and in Figs. 10 and 11 and their inverses (not drawn), are limited
in extensions to the interior of the intrinsic local Lorentz frame on the flat two-
dimensional relativistic intrinsic spacetime (¢p, #C¢t), at an arbitrary ‘distance’ ¢r
from the base of the gravitational-relativistic mass ¢M of the gravitational field
source in ¢p in Fig. 1.

Now the relative intrinsic angle ¢yq in systems (37) and (38) and in Figs. 10 and
11, is related to the intrinsic dynamical speed ¢v of intrinsic motion relative to the
observer within the intrinsic local Lorentz frame as follows

singyg = Pv/¢Cy = ¢Bu(¢v) (39a)
cospyg = /1 —¢v?/pC] = dya(gv) (39b)

The formal derivation of Eqgs. (39a) and (39b) from systems (37) and (38) has
been done in [9]. It must be noted that the dynamical intrinsic speed ¢C, of intrinsic
electromagnetic waves appears in Egs. (39a) and (39b) in the context of ¢SR, so
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that the numerator and the denominator in ¢v/¢C, are homogeneous in dynamical
intrinsic speeds. It may be recalled that the separation of the speed of ‘signals’ into
the static (or gravitational) speed of gravitational waves C, and dynamical speed of
electromagnetic waves C, was firstintroduced only in [8]. Consequently the intrinsic
speed ¢C, in Eqs. (39a) and (39b) could only appear as ¢C in the corresponding
equations in [9].

By using Egs. (39a) and (39b), the #LLT (37) and its inverse (38) can be written
explicitly in terms of the intrinsic speed ¢v respectively as follows

P = Gya(pv)(@X — pugt );

(w.r.t. 3 — observer Peter in X)

- - (40)
o = pradgi- 2L,
¢y
(w.r.t. 1 — observer Peter in Ct)
and .
X = ya(pv)(@X + gvpt );
(w.r.t. 1 — observer Paul in ct)
= (41)
K= dranot+ 2Lgx);
9c

(w.r.t. 3 — observer Paul in X)

Either system (37) or (38) or the explicit form (40) or (41) leads to intrinsic
local Lorentz invariance (¢LLI) (in the context of #SR) on the flat relativistic in-
trinsic metric spacetime (¢p, #Cpt) that evolved in the context of ¢TGR in every
gravitational field,

PP — 9% = ¢t — %7 42)

This intrinsic local Lorentz invariance is valid within every intrinsic local Lorentz
frame on the flat relativistic intrinsic spacetime (¢p, ¢Cot) of ¢TGR in Fig. 1 in every
gravitational field.

The intrinsic affine length contraction and intrinsic affine time dilation formulae
in the context of ¢SR on the flat relativistic intrinsic metric spacetime (¢p, ¢C¢t) in
a gravitational field, which systems (37) and (38) imply, as derived in [9], are the
following

<
X
Il

@Xcos dpy (43a)
#tsec pyg (43b)

SN
—+|
Il
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The alternative forms in terms of the intrinsic speed ¢v of Eqgs. (43a) and (43b),
which systems (40) and (41) imply are the following

2
B = dyaon) 9= (1 - L) 2dgx (44a)
o
z LT
K = drapost=(1 - 25y dgt (44b)
o

The derivations of Egs. (43a) and (43b) from systems (37) and (38) and the
derivations of Egs. (44a) and (44b) from systems (40) and (41) have been done fully
in [9]. It must be mentioned that Egs. (43a-b) and (44(a-b) are valid with respect to
3-observer (Peter) at rest relative to the observer’s frame.

3.1.1 Explicit form of combined ¢ TGR and ¢SR

Now as mentioned earlier in this section, the unprimed (or gravitational-relativistic)
intrinsic special theory of relativity (¢SR) within an intrinsic local Lorentz frame
on flat relativistic intrinsic metric spacetime (¢p, #C¢t) that evolved in the context
of $TGR in Fig. 1, is the projection of the primed intrinsic special theory of rela-
tivity (¢SR’) within the corresponding intrinsic local Lorentz frame on the curved
proper intrinsic metric spacetime (¢p’, #C¢t’) in that figure. Consequently the intrin-
sic affine coordinates ¢X and ¢cC, ¢t of the intrinsic particle’s frame in ¢SR within
intrinsic local Lorentz frame on flat relativistic intrinsic spacetime (¢p, ¢Cot), are
projections of the intrinsic affine coordinates ¢X" and ¢C,¢t’ of intrinsic particle’s
frame in ¢SR’ within the corresponding intrinsic local Lorentz frame on curved
(o', pcpt’) in Fig. 1.

The transformation of the particle’s intrinsic frame (¢X', ¢C,¢t’) on the curved
(¢p’, pcot’) into particle’s intrinsic frame (¢X, #C,¢t) on the flat (¢p, pCpt) must be
derived in the context of #TGR, as the intrinsic gravitational local Lorentz transfor-
mation (¢GLLT) of system (14), (19) or (23) and its inverse of system (17), (20) or
(24). That is, we must simply replace d@p’, pcdgt’, dgp and ¢cdgt in those systems
by ¢/, ¢C,¢t, pX and ¢c, ¢t respectively. The resulting systems shall not be written
out explicitly in order to conserve space. However the intrinsic gravitational length
contraction and intrinsic gravitational time dilation (in the context of TGR), which
they imply are given like Egs. (27a-b) or (28a-b) or (29a-b) as follows

X
ot

@K’ cos gy, (Pr’) (45a)
ot sec pyy(or”) (45b)
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or
\ (or')?
#x = ¢y,@r)'ex = (I _%)1/2“,
g
V,_ (or’)?
¢f = ¢7g(¢r,)¢f/ = (1 — %)_1/2¢fl
g
or
= Nlger — 1 25¢Moa i o)
¢X - ¢'}’g(¢r) ¢X —(1 ¢r’¢cé ) (Z)X
= Nt = _% ~1/2 457
ot = dyy(Pr ot = (1 ¢r'¢c§ ) ot

(46a)

(46b)

(47a)

(47b)

We shall now incorporate Egs. (45a-b), (46a-b) and (47a-b) derived int the con-
text of #TGR into Eqs. (43a-b),and Eqgs. (44a-b) derived in the context of ¢SR to ob-
tain gravitational-relativistic cum special-relativistic intrinsic length contraction and
gravitational-relativistic cum special-relativistic intrinsic time dilation in the context
of combined ¢TGR and @SR in the following alternative forms on flat relativistic
intrinsic metric spacetime (@p, ¢Cot) in a gravitational field of arbitrary strength

PX
ot

or
ox =
ot =

or
ox =

¢X’ cos pyry(¢r”) cos gig
ot’ sec dyry(¢r”) sec g

®Yo(dr') " pya(pv) ™ o%’

V, (¢r
(1- ¢ (p(:fz ok W21 - 22)”2¢X
Gy (Pr)pya(pv)pt’

V, (o1
(1- ¢ (p(fz "? 121 — Zz)—1/2¢f,
Byo(@r) " pya(gv) ' ¢x’

2G¢pMoa 12(1 T
(1- o ¢C2) (1- ¢c2) Px

(48a)
(48b)

(49a)

(49b)

(50a)
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Pt = Py (@r)dya(gv)gt’
— _ 2G¢Moa -1/2¢1 _ ¢_U2 —1/2 457
= (1 ¢r’¢c§,) (1 ¢C%) ot (50b)

Now the intrinsic local Lorentz transformation (¢LLT) of system (37) and its
inverse of system (38) and their explicit forms in terms of intrinsic dynamical speed
¢v of systems (40) and~(41), have been written for the intrinsic affine coordinates
O%, ¢C, ¢, $Xand ¢C,¢t in Figs. 10 and 11 and their inverses (not drawn). They can
equally be written for the little interval of intrinsic metric spacetime (dgp, pcdgt)
contained within the gravitational-relativistic mass (¢m, ¢e/¢C>) and the little in-
terval of intrinsic metric spacetime (d¢p, ¢cd@t) contained within the gravitational-
relativistic cum special-relativistic mass (¢, ¢&/¢C?) in respectively as follows

dgp = depsecpyq — pcdgitan py;
(w.r.t. 3 — observer Peter in X)
i (51)
gcdgt = pcdgt sec pyg — dep tan ¢yr;
(w.r.t. 1 — observer Peter in ct)
and
dgp = dgpsecdiyq + pcdgt tan pirg;
(w.r.t. 1 — observer Paul in ct)
_ (52)
gcdgt = ¢gcdgt sec pirg + dgp tan dirg;
(w.r.t. 3 — observer Paul in X)
or .
dgp = ¢ya(pv)(dép — gvdgt );
(w.r.t. 3 — observer Peter in X)
_ _ (53)
Aot =yt - S
Y L
(w.r.t. 1 — observer Peter in ct)
and

¢p = ¢ya(pv)(dép + dpuvgt );

(w.r.t. 1 — observer Paul in ct)

_ 54
At = dya(du)(dot + %dfﬁp);

(w.r.t. 3 — observer Paul in X)
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System (51) or (52) or its explicit form in terms of ¢v (53) or (54) leads to the
following invariance

¢Cdgt — dgp” = pdet’ — dgp? (55)

This is intrinsic local Lorentz invariance (in the context of #SR) within the little
intrinsic metric spacetime (dgp, ¢cdgt) contained within the intrinsic mass (¢m,
¢e/¢C?) of the particle in relative intrinsic motion relative to an observer.

The intrinsic length contraction and intrinsic time dilation formulae (43a) and
(43b) implied by systems (37) and (38) or their explicit forms in terms of ¢v of
Egs. (44a) and (44b) implied by systems (40) and (41), correspond to the following
implied by systems (51) and (52) and systems (53) and (54)

dgp = depcosdu (562)
dgt = detsec dyg (56b)
or
2
dgp = ¢yd<¢v>“d¢p=<1—§—22>”2d¢p (57a)
Y
- Pv ~1/2
dot = ya(gv)dgt = (1 — ——) " /“dgt (57b)
#C
Y

Equations (56a) and (56b) and Egs. (57a) and (57b) are alternative form of intrin-
sic length contraction and intrinsic time dilation of the little intrinsic metric space-
time interval within the intrinsic mass of the particle in intrinsic motion relative to
an observer. They are valid with respect to the 3-observer (Peter) at rest relative to
the observer’s frame as being formulated at present.

The intrinsic length contraction and intrinsic time dilation formulae in terms of
intrinsic affine coordinates ¢, ¢C,¢f, ¢X and ¢cy¢f of Egs. (45a-b), Egs. (46a-b) and
Egs. (47a-b) in the context of TGR can equally be written in terms of the little in-
trinsic metric spacetime coordinate intervals dgp, ¢cdgt, dgp and ¢cdgt contained
within the intrinsic mass of the particle in intrinsic motion relative to the observer.
However those equations shall not be written in order to conserve space.

Finally the intrinsic length contraction and intrinsic time dilation formulae in the
context of combined ¢TGR and #SR of Egs. (48a-b), (49a-b) and (50a-b) are given
terms of the intrinsic metric coordinate intervals dgp, ¢cdét, dgp and ¢cdgt within

653A. Joseph. Formulating gravity and motion at second stage of evolutions of spacetime.. .. 1.



Vol. 1(3B) : Article 14 THE FUNDAMENTAL THEORY ... (M) Mar, 2012

the particle respectively as follows

dgp = dgp’ cos gyy(r’) cos g (58a)
dgt = dot’ sec gy, (dr’) sec dig (58b)
or — -1 -1 ’
dgp = ¢y, (dr')" ¢ya(sv)” dgp
3 PVy(pr')? 121 v’ 1)
= (- P ——) (- ¢>c2) dgp’ (59a)
dot = ¢y, (or)pya(pv)det’
A (i SNV
- qa ic 121 - ¢2) det’ (59b)
or — n—1 -1 ’
dgp = ¢y, (dr')" ¢ya(gv)” dgp
_ 2G¢pMoa 121 Pv* 12
= (1- o1 ¢c2) (1I- ¢cz) dgp’ (60a)
dgt = Py (or" )pya(pv)t’
_ 2GpMoa -2 dv’ i)
= (- o1/ 6C —) (1 - ¢C2) ot (60b)

Equations (58a-b), (59a-b) and (60a-b) express gravitational-relativistic cum
special-relativistic intrinsic length contraction and gravitational-relativistic cum special-
relativistic intrinsic time dilation in the context of ¢TGR+¢SR of the little proper
intrinsic metric spacetime intervals dgp’ and ¢cdgt’ contained within the intrinsic
rest mass (¢, ¢’ /¢C?) in intrinsic motion at intrinsic dynamical speed ¢v within
the proper (or primed) intrinsic local Lorentz frame on the curved proper intrinsic
metric spacetime (¢p’, pCot’) relative to the observer in Fig. 1. They are valid rel-
ative to the 3-observer (Peter) in the relativistic Euclidean 3-space X, who is at rest
relative to the observer’s frame within the corresponding local Lorentz frame on the
flat relativistic spacetime (Z, Ct).

3.1.2 The case of the electron

Now all equations from system (51) through Egs. (60a-b) have been written for a
particle or object with compound rest mass

(my, &' /%) = (My, UMy, £,/C; U &4/C)),
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contained in non-zero volume of compound proper metric spacetime
’ / —_ 7 ’ ’ /
(d¥', cdt’) = (dZ) U dZj, c,dt’ U ¢, dt’).
Consequently such a particle or object has non-zero compound intrinsic rest mass

(@my, ¢&’/$C°) = (PMo, U ¢MMoa , $&,,/$C, U psgy/4C;),

contained in a non-zero interval of compound proper intrinsic metric spacetime

(dgp’ . pcdgt’) = (dgp), U dey’ . ¢C,dgt’ U ge,det’).

Consequently the gravitational-relativistic intrinsic mass of the particle or object
that evolved in the context of #TGR namely,

(@M, ps/$C’) = ($My U ¢My , de,/$C, U deal $C,),

is contained in non-zero interval of compound relativistic intrinsic spacetime of
¢TGR,

(dep, gedgt) = (dp, U dey . ge,dgt U g, dt)

and the gravitational-relativistic cum special-relativistic intrinsic mass,
(M, $E/¢C°) = (¢, U ¢y, ¢5,/¢C, U ¢€a/4C;),

is contained in non-zero interval of gravitational-relativistic cum special-relativistic
intrinsic spacetime,

(dep . podeD) = (dgp, U dey . dc,det U e, dg).

in Figs. 10 and 11.

On the other hand, let us replace the particle or object with metric compound rest
mass My = My, U Myg by the electron with pure affine dynamical rest mass mye. The
rest mass of the electron occupies a spherical volume dX, of radius roe, of the affine
proper dynamical 3-space X/, which corresponds to a point of zero extension of
the metric compound proper Euclidean 3-space X’. Consequently the intrinsic rest
mass of the electron (¢Mye , Peoe /¢C§), occupies interval (dgy’, ¢c,d¢t’) of affine
dynamical proper intrinsic spacetime (¢y’, ¢C,4t’), which corresponds to a point
of zero extension in the metric compound proper intrinsic spacetime (¢p , ¢Cpt’).
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Thus if we replace the particle or object in motion relative to the observer in a
gravitational field, considered so far, by the electron, then the little interval of the rel-
ativistic intrinsic metric spacetime interval (d@p , ¢cdgt) containing the metric com-
pound gravitational-relativistic intrinsic mass (¢m, ¢e/¢C?) and the intrinsic met-
ric spacetime interval (dgp , ¢cd@t) containing the metric compound gravitational-
relativistic cum special-relativistic intrinsic mass (¢M, ¢g/$C%), must be replaced
by little interval of pure affine relativistic intrinsic dynamical spacetime coordinate
interval (d¢y , ¢c,d¢t) (that evolved in the context of ¢TGR), containing gravita-
tional-relativistic mass of the electron (¢me , pee/ ¢C§) (that evolved in the context
of #TGR) and little interval of pure affine relativistic intrinsic dynamical spacetime
coordinate interval (dgy, (bcydq)f) (that evolved in the context of 9TGR+¢SR), con-
taining gravitational-relativistic cum special-relativistic intrinsic mass of the elec-
tron (¢pMe , pee/ q)c%) (that evolved in the context of #TGR+¢SR) respectively, in
Figs. 10 and 11 and in all equations from system (51) through Eqs. (60a-b). Those
equations shall not be written however in order to conserve space.

The unwritten resulting equations obtain for the pure affine dynamical intrinsic
spacetime interval (¢y’, ¢C,d¢t’) contained within the intrinsic rest mass of the
electron (¢Mye , Peoe/ ¢C§), on curved proper intrinsic metric spacetime (¢p’, pcot’),
despite the fact that the rest mass of the electron (Mye , &oe/ Ci) occupies a point of
zero extension of the metric compound proper spacetime (X', ct’) and the intrinsic
rest mass of the electron occupies a point of zero extension of the metric compound
proper intrinsic spacetime (¢p’ , ¢pCpt’).

3.2 Graphical approach to the derivation of intrinsic mass relations in the con-
texts of SR and combined $TGR and $SR

We recall that like the coordinate 4-vector X; = (%, X1, %2, %3) = (G,f, X, 7,2) of SR
in the rectangular coordinate system of the Euclidean 3-space Z, in the flat four-
dimensional relativistic metric spacetime (X, Ct) that evolved in every gravitational
field in the context of TGR, the momentum 4-vector p, on (X, Ct) is given in the
rectangular coordinate system of the Euclidean 3-space X as

Pi=(Po, P> P2, P3) = (MCy, Mo, Moy, Muy) (61)

This is the gravitational-relativistic momentum 4-vector that evolved on the flat rel-
ativistic spacetime (X, ct) in the context of TGR. The velocity o = v}l + v;f + vk
is being assumed to be a non-zero velocity of the gravitational-relativistic mass m
of the particle (that evolved in the relativistic Euclidean 3-space X in the context of
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TGR), relative to its own frame, that is relative to the particle’s frame (Cyf, X,7,2)
on the flat metric spacetime (Z, Ct).

The corresponding gravitational-relativistic cum special-relativistic momentum
4-vector P, that evolved on the flat relativistic spacetime (X, Ct) in the context of
combined TGR and SR is

Pr= B0, Prs Pa, B3) = (M, , My, T, Muy) (62)

where 7 = vyl + vyf + vk is the velocity of the gravitational-relativistic mass m
in the particle’s affine frame (c,f, X, §,2) relative to the observer’s affine frame
(Cyf s ?(, j, i) on the flat metric spacetime (X, Ct).

Also corresponding to the intrinsic coordinate 2-vector ¢X; = ($%, X)) =
(¢c,¢t, ¢X) of SR on the flat two-dimensional relativistic intrinsic spacetime (¢p,
¢Cgt) that evolved in the context of TGR, the intrinsic momentum is a 2-vector ¢,
on the flat relativistic intrinsic spacetime (¢p, ¢Cht) where

PP1 = ($Po, pP1) = (gMPC, , pMpu’) (63)

This is the gravitational-relativistic intrinsic momentum 2-vector that evolved in on
the flat relativistic intrinsic spacetime (¢p, ¢C¢t) in the context of pTGR. The intrin-
sic speed ¢v’ is being assumed to be non-zero intrinsic speed of the gravitational-
relativistic intrinsic mass ¢m of the particle relative to its own frame, that is, of ¢m
relative to the intrinsic particle’s frame (¢C,¢t, $X) on the flat relativistic intrinsic
metric spacetime (¢p, pcpt) of pTGR.

The corresponding gravitational-relativistic cum special-relativistic intrinsic
momentum 2-vector ¢P,, in the context of combined TGR and ¢SR is

¢Pr = (¥Pg > ¢Py) = ($M@C, , pMYpv) (64)

where ¢v is the intrinsic speed of the gravitational-relativistic intrinsic mass ¢m in
the intrinsic particle’s frame (¢C,¢t, ¢X) relative to the observer’s intrinsic frame
(¢Cy¢f, #X) on the flat intrinsic metric spacetime (¢p, pCet).

Corresponding to the intrinsic spacetime diagrams of Figs. 10 and 11 in the
context of SR, there are intrinsic momentum diagrams, which must be obtained
by replacing the affine intrinsic spacetime coordinates ¢C,¢t and ¢X of the particle’s
intrinsic frame by the components ¢py = ¢Mpc, and ¢p; = ¢Mpv’ respectively of
the gravitational-relativistic intrinsic momentum 2-vector ¢p, of Eq. (63) and by
replacing the affine intrinsic spacetime coordinates ¢c,¢t and ¢X of the observer’s
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Figure 12:

intrinsic frame by the components P, = ¢Mgc, and P; = @M respectively of the
gravitational-relativistic cum special-relativistic intrinsic momentum 2-vector ¢p,
of Eq. (64). The resulting diagrams are depicted in Figs. 12(a) and 12(b).

Fig. 12(a) is valid with respect to the 3-observer (Peter) in the Euclidean 3-
space X at rest relative to the observer’s frame in our universe and his symmetry-
partner (Peter*) in the Euclidean 3-space —X* at rest relative to the observer’s frame
in the negative universe, while Fig. 12(b) is valid with respect to the 1-observer
(Peter) the time dimension ct at rest relative to the observer’s frame in our universe
and his symmetry-partner (Peter*) in the time dimension —Ct* at rest relative to the
observer’s frame in the negative universe.

The partial intrinsic momentum transformation derivable with respect to 3-ob-
server Peter in £ in our universe from Fig. 12(a), by following the procedure used
to derive partial intrinsic coordinate transformation with respect to Peter in £ from
Fig. 8(a) of [9], is the following

1 — 45l —¢p? ;
op' = @P' secoyq — 4P° tan pyg; } (65)

(w.r.t. 3 — observer Peter in X)

And the partial intrinsic momentum transformation derivable with respect to 1-
observer Peter in our universe from Fig. 12(b), by following the procedure used to
derive partial intrinsic coordinate transformation with respect to Peter in ct from
Fig. 8(b) in [9], is the following

0 _ =0 = .
¢p° = PP secPyg— ¢P’ tan dyrg; } 66)

(w.r.t. 1 — observer Peter in ct)
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By collecting Eqgs. (65) and (66) we obtain the full intrinsic momentum trans-
formation derivable from Figs. 12(a) and 12(b) as follows

¢p' = ¢P'secdyq - ¢P° tan gy
(w.r.t. 3 — observer Peter in X)
¢’ = ¢p’secya —¢P' tandya;

(w.r.t. 1 — observer Peter in ct)

(67)

There is an inverse intrinsic momentum transformation, that is, the inverse to
system (67), which must be derived from the inverses to Figs. 12(a) and 12(b). The
inverse diagrams shall not be drawn however in order to conserve space, while the
inverse to system (67) is the following

¢p' = ¢p'secyy+ ¢p° tan dyg;

(w.r.t. 1 — observer Peter in ct)

_ (68)
¢p’ = ¢p”secoyy +¢p' tan gy
(w.r.t. 3 — observer Peter in X)
Either system (67) or (68) leads to the following invariance
@P°) - (D) = (¢p") - (¢p')’ (69)

And by letting P° = ¢Mgc,; ¢p' = ¢Mpu; ¢p° = gpmgc, and ¢p' = pmypv’,
along with sec ¢yrq = dya(¢v) = (1 — ¢v*/¢c;)™"/2 and tan dyrg = dya(¢v)dv/pC, in
systems (67) and (68) we have

pmpv’ = Pya(Pv)(gMdo — pMgu);
(w.r.t. 3 — observer Peter in X)

a0 (70)

Pyd(v)(pMypC, — ¢mE);

(w.r.t. 1 — observer Peter in ct)

gmpc,

and
¢pMpo = Pya(dv)(gMmpv’ + pmepv);

(w.r.t. 1 — observer Paul in ct)

Pv (71)
dyd(gv)(pmepe, + (¢m¢v’a);

(w.r.t. 3 — observer Paul in X)

3
Ry
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And the invariance (69) becomes the following
gM>¢C, — pM>go” = T 4C, — Ppmpv’? (72)

The vanishing of the right-hand side of the first equation of system (70) implies
the vanishing of ¢p' = ¢pmgv’. Indeed the gravitational-relativistic intrinsic mass
¢m is at rest relative to its own frame (or particle’s intrinsic frame) (¢C,¢t, $X).
Hence it possesses zero intrinsic speed (¢v” = 0) and zero intrinsic momentum
(pmpv” = 0) relative to its frame. On the other hand, ¢m possesses component of
intrinsic momentum ¢p° = ¢mgc, along the natural intrinsic geodesic ¢C, ¢t of its
intrinsic frame. Consequently ¢p° = ¢mpc, in the particle’s frame must be retained.
In other words, ¢v” must be allowed to vanish in Eq. (63) to have the correct intrinsic
momentum 2-vector in the intrinsic particle frame as ¢p; = (¢m¢pc, , 0).

The gravitational-relativistic cum special-relativistic intrinsic mass ¢m of the
particle actually possesses intrinsic speed ¢v of intrinsic motion relative to its frame
(or relative to the observer at rest relative to its frame) (¢Cy¢f, gb?(). Consequently
both ¢Pp° = ¢mgpc, and #P' = ¢Mgv must be retained in the observer’s frame.

By allowing ¢m¢uv’ to vanish, while retaining the other terms in the invariance
(72) we have

$M>(gC; — pv°) = pmgc, (73)
Hence
2
g7 = g1 - %)“/2 = dya(dv)pm (74)
Y

This is the intrinsic mass relation with respect to 3-observer (Peter) at rest relative
to the observer’s frame in the context of #SR on flat relativistic intrinsic spacetime
(¢p, pCot) in every gravitational field. It can also be written in terms of the intrinsic
angle ¢4 in Figs.10 and 11 and Figs. 12(a) and 12(b) as

¢m = ¢ya(gv)¢m = ¢pmsec ¢pYrg (75)

Now by multiplying through Eq. (73) by gbc%, we obtain the following intrinsic
energy expression in the context of SR

gM2gc, — pMGCipv* = T gc; (76)
The intrinsic special-relativistic kinetic energy ¢T is likewise given as follows
¢T = ¢mgc, - gmyc,
= ¢Ya(¢)PMYC, — pMeC,
= gmgc; ((1 - gv*/pc) ™~ 1) (77)
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Equations (76) and (77) are valid with respect to the 3-observer (Peter) at rest rela-
tive to the observer’s affine frame (Cyf, );(, ?,i) on the flat relativistic metric space-
time (X, ct).

By incorporating the intrinsic mass re4lation in the context of ¢TGR derived
graphically and presented in the alternative forms of Egs. (32) — (34) in sub-section
2.2 into the intrinsic mass relation in the context of SR in the alternative forms of
Egs. (74) and (75) we obtain the following alternative forms of the intrinsic mass
relations in the context of combined TGR and ¢SR

M = ¢mycos’ gy, () sec dyrg

= PMydy,(or) > dya(¢v) (78)
_ AVACI0% ¢
= ¢my(l - ¢—C§>(1 - ¢—C§> (79)
B _2G¢Moa, . ¢V* i)
= ¢my(l oo )(1 ¢C§> (80)

And the intrinsic special-relativistic kinetic energy in the context of combined
¢TGR and ¢SR is given in the following alternative forms by incorporating Egs. (32)
—(34) into Eq. (77)

¢T = MypC: cos® pry(pr')sec gyrg — 1] (81)
_ SV (1) ¢ 1
= gmygcy(l - ¢—C§>[(1 - @) -1] (82)
_ _2G¢Moa U i
= gmygci(l o (1 M) 1] (83)

Now the gravitational-relativistic cum special-relativistic intrinsic mass ¢m in
the context of #TGR+¢SR is given in the alternative forms of Egs. (78), (79) and
(80) and the pure gravitational-relativistic intrinsic mass ¢min the context of pTGR
is given in the alternative forms of Eqs. (32), (33) and (34). By using Eq. (78) or
(79) or (80) and Eq. (32) or (33) or (34) in Eq. (76) we have

PGAC; — PIGHC,pv” = PITYeC, (84)

where ¢y = ¢yq(dv)pMmy is the special-relativistic intrinsic mass expression in the
context of the primed intrinsic special theory of relativity (¢SR”) (while retaining
the notation in section 2 of [4]), on the within the proper intrinsic local Lorentz
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frame on the curved proper intrinsic spacetime (¢p’, pCot’) at ‘distance’ ¢r’ along
the curved ¢p’ from the base of ¢M in ¢p’ with respect to an intrinsic 1-observer
on the curved ¢p’ within or outside this intrinsic local Lorentz frame in Fig. 1.

The effect of intrinsic gravitational relativity (¢ TGR) cancels out in the intrinsic
gravitational-relativistic cum intrinsic special-relativistic expression (76), thereby
making the pure intrinsic special-relativistic expression (84) to remain unchanged
with position in a gravitational field.

The intrinsic local Lorentz transformation (¢LLT) and its inverse in the context
of ¢SR on the flat relativistic intrinsic spacetime (¢p, pC¢t) in the alternative forms
of systems (37) and (38) and systems (40) and (41); the intrinsic local Lorentz in-
variance (¢LLI) (42) in the context of SR on flat (#p, ¢Cet) in a gravitational field
of arbitrary strength; the intrinsic length contraction and intrinsic time dilation for-
mulae on flat (¢p, #Cpt) in the context of #SR in a gravitational field of arbitrary
strength in the alternative forms of Eqgs. (43a-b) and (44a-b) and in the context of
combined ¢TGR and ¢SR in the alternative forms of Eqs. (48a-b), (49a-b) and (50a-
b); the intrinsic mass relation in the context #SR on flat intrinsic metric spacetime
(¢p, pCot) in a gravitational field of arbitrary strength in the alternative forms of
Egs. (74) and (75); the intrinsic total energy expression and intrinsic kinetic en-
ergy in the context of #SR on the flat (¢p, pCpt) in a gravitational field of arbitrary
strength of Egs. (76) and (77); the intrinsic mass expression in the context of com-
bined TGR and ¢SR of Eqs. (78), (79) or (80) and for intrinsic kinetic energy of
Egs. (81), (82) or (83), are adequate results for the topic of this sub-section. The
results have indeed been derived graphically. Other intrinsic parameter relations in
the context of combined ¢TGR and ¢SR shall be derived analytically in the second
part of this paper.

4 The TGR, SR and combined TGR and SR on flat four-dimensional space-
time as outward manifestations of ¢TGR, ¢SR and combined ¢TGR and
#SR on flat two-dimensional intrinsic spacetime

4.1 The TGR as outward manifestation on flat spacetime of $TGR on flat in-
trinsic spacetime

The flat four-dimensional relativistic metric spacetime (Z, ct) that evolved at the
combined first and second stages of evolutions of spacetime/intrinsic spacetime
and parameters/intrinsic parameters in a gravitational field in Fig.1, is the out-
ward manifestation of the underlying flat two-dimensional relativistic intrinsic met-
ric spacetime (¢p, pCot), where ¢p is a one-dimensional isotropic intrinsic space
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(with no unique orientation in the relativistic Euclidean 3-space X) with respect to 3-
observers in X. The theory of gravitational relativity (TGR) on flat four-dimensional
spacetime (Z, ct) is likewise the outward (or physical) manifestation of the intrinsic
theory of gravitational relativity (#TGR) on the flat two-dimensional intrinsic space-
time (¢p, $CAY).

The foregoing implies that the results of TGR on flat spacetime (X, ct) can be
written directly from the results of ¢TGR on flat intrinsic spacetime (¢p, ¢Cpt) by
simply removing the symbol ¢ from the results of ¢TGR. However in doing this,
proper care must be taken of the fact that TGR is a physical four-dimensional theory,
while #TGR is an intrinsic two-dimensional theory.

Now in converting the two-dimensional intrinsic gravitational local Lorentz
transformation (¢GLLT) and its inverse, written in terms of the intervals dgp’ and
¢cdgt’ of the two-dimensional proper intrinsic spacetime (¢p’, #Cgt’) and inter-
vals dgp and ¢cdgt of the flat two-dimensional relativistic intrinsic metric space-
time (¢p, pCot) in the alternative forms of systems (14) and (17), systems (19) and
(20) and systems (23) and (24), to the four-dimensional gravitational local Lorentz
transformation (GLLT) and its inverse, to be written in terms of coordinate in-
tervals dr’, r’'dd’ ,r’ sin@dy’ and cdt’ of the flat four-dimensional proper space-
time (X', ct’) and coordinate intervals dr, rdg, rsin6dy and cdt of the flat four-
dimensional relativistic spacetime (Z, ct), we must be guided by the following facts:

1. The Euclidean ¥’ and X are relative spaces (i.e. without hat label unlike the
absolute space ) and non-isotropic with respect to 3-observers in ¥’ or £
(unlike the absolute space 2, which is isotropic with respect to 3-observers in
the relative Euclidean 3-spaces X’ or Z, as properly established in sub-section
4.7 of [6]). Isotropy of a given 3-space relative to an observer in the same or
another space, as used here, means that all directions of the given space are
identical with respect to the observer, thereby making the isotropic space to
contract to a one-dimensional isotropic space (or isotropic dimension) with
no unique orientation in the 3-space of the observer. clearly the 3-space X is
not isotropic with respect to observers in it by this definition.

2. The gravitational velocity \7;(r’) is a relative velocity in the context of TGR.
This simply means that the magnitude of \7§;(r’) varies with position of differ-
ent radial distances r from the center of the gravitational field source in Z, as
discussed in sub-section 2.2.1 of [2].

3. The gravitational velocity \7;(r’) is purely radial in every gravitational field,
spherically-symmetric or not, as discussed earlier in sub-section 1.2 (see sys-
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tem (4)) of this paper, but which is still to be formally established.

The three facts itemized above imply that the pGLLT (14) and its inverse (17)
must be transformed into GLLT and its inverse on flat four-dimensional spacetime
respectively as follows

dr’ = drseciy,(r')— cdttany,(r');

r'dd’ =rdo; r’sin@’dy’ = r sin6dg;

(w.r.t. 3 — observers in X) (83)
cdt/ = cdtsecy,(r') —drtany,(r')

(w.r.t. 1 — observers in Ct)

and
dr = dr'secy,(r')+ cdt’ tany,(r');
rdd = r’'d¢’; rsinfdy =r’sin@dy’;
(w.r.t. 1 — observers in Ct") (86)
cdt = cdt’ secyy,(r') +dr’ tany,(r)

(w.r.t. 3 — observers in X’)

If the Euclidean 3-spaces X’ and X were absolute and isotropic with respect to
3-observers in them, (like the absolute space £ is absolute and isotropic with respect
to 3-observers in X’ or X), then the first three equations of system (85) would have
been

dX’ = dZ secy,(r") — cdt tan ¥, (")

. And if ¥’ and X are considered to be relative and non-isotropic with respect to 3-
observers in them, which they are, but \7(’/(r’) is not purely radial towards the center
of the gravitational field source, then the transformations of r’d¢’ and r’ sin 6’ dy’
into rd@ and r sin #dy would not have taken the trivial forms they take in systems
(85) and (86).

The appearance of the angle ¥,(r’) in systems (85) and (86) suggests that the
spacetime coordinate intervals dr’ and cdt’ are inclined at angle ¥, (r’) relative to
dr and cdt respectively in a local spacetime geometry, like dgp’ and ¢cdpt’ are
actually inclined at intrinsic angle ¢y, (¢r’) relative to dgp and ¢cdgt respectively
in the local intrinsic spacetime geometries of Figs. 7 and 8. The appearance of the
angle ,(r’) in systems (85) and (86) then suggests further that there are global
spacetime geometries in which extended proper radial dimension r’ and extended
proper time dimension Ct’ are curved relative to their projective extended straight
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line relativistic radial dimension r and relativistic time dimension Ct respectively,
like extended ¢p’ and @Cot’ are actually curved relative to extended ¢p and ¢Cet
respectively in Figs. 1 and 2.

However local spacetime geometries in which spacetime intervals dr’ and cdt’
are inclined by angle y,(r") relative to dr and cdt respectively and global spacetime
geometries in which extended spacetime dimensions r’ and ct’ are curved relative
to extended r and ct, which system (85) may suggest, is hypothetical; they does
not exist in reality. They may be referred to as intrinsic relative rotation of dr’ and
cdt’ relative to dr and cdt and intrinsic curvature of extended r’ and ct’ relative to
extended r and ct. This is what is realized by the actual rotational of intrinsic space-
time intervals dgp’ and ¢cdgt’ relative to dgp and ¢cdgt by intrinsic angle ¢y, (¢r’)
in Figs. 7 and 8 and actual curvature of extended intrinsic spacetime dimensions ¢p’
and ¢cgt’ relative to extended ¢p and ¢cet in every gravitational field in Figs. 1 and
2.

The outward manifestations of the definition of the intrinsic angle ¢y, (¢r’) in
Egs. (18a) and (18b), obtained by simply removing the symbol ¢ are the following

singy(r') = Vi(r')/c, = By(r") (87a)
cosy,(r') = ,/1—Vé(l")2/cgzyg(r')_l (87b)

The outward manifestations on four-dimensional spacetime of systems (19) and
(20), which can be obtained by using Eqgs. (87a) and (87b) on systems (85) and (86)
are the following respectively

dr' = y,(r')(dr — Vy(r)dt);
r'de’” =rdd; r’sin@’dy’ = r sin6dy;
(w.r.t. 3 — observers in X)

v (88)
’ r/
dt = yg(r')(dt -3 dr);
g
(w.r.t. 1 — observers in Ct)
and
dr = y,(r")dr + V_(;(r’)dt’);
rdd =r’d¢’; rsinfdy =r’sin@dy’;
(w.r.t. 1 — observers in ct’)
(39)

Vi)
d = yy(r’)(dt’+"(:—3dr];

(w.r.t. 3 — observers in X’)
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where vy,(r’) is given by Eq. (87b).
The outward manifestations on flat four-dimensional spacetime in the context of
TGR of Egs. (22a) and (22b) in the context of ¢TGR are the following

[26Mm
siny,(r') = Tf‘sﬁg(r') (90a)
9
[ 26M
1- rczoaz)/g(l‘)_l (90b)
g

The outward manifestation on flat four-dimensional spacetime (Z, ct) of systems
(23) and (24) on flat intrinsic spacetime (¢p, #Cpt), which can be obtained by using
Egs. (90a) and (90b) in systems (85) and (86) are the following respectively

dar’ = y_,,(r’)[dr—wlzer&dt);

r'de’ =rdd; r’sin@’dy’ = r sin6dy;
(w.r.t. 3 — observers in X) 1)

. N /2GM0a
dar = yg(r)[dt —r'c‘g‘ dr

(w.r.t. 1 — observers in Cct)

dr = yg(r’)[dr’+ ﬂ—zGrl\,/loadt’];

rdd =r’dd’; rsinfdy =r’sin@dy’;
(w.r.t. 1 — observers in ct’) 92)

_ N /ZGMOa .
dat = yg(r)[dt+ r'cg dr],

(w.r.t. 3 — observers in X)

cos iy (r")

)

and

where vy,(r’) is given by Eq. (90b).

Systems (85), (88) and (91) are alternative forms of gravitational local Lorentz
transformation (GLLT) in the context of TGR and systems (86), (89) and (92) are
their inverses. Either the GLLT (85), (88) or (91) or its inverse (86), (89) or (92)
leads to gravitational local Lorentz invariance (GLLI) in the context of TGR

c2dt? — dr? — r3(d6? + sin® 8dg?) = dt”? — dr’? — r'>(d’? + sin’ ¢'dg?)  (93)
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This is the outward manifestation on flat four-dimensional spacetime in the context
of TGR of the intrinsic gravitational local Lorentz invariance (¢GLLI) (25) on flat
two-dimensional intrinsic spacetime in the context of ¢TGR.

The validity of Eq. (93) at every point in spacetime in a gravitational field,
guarantees formally the flatness everywhere in a gravitational field of the four-
dimensional relativistic spacetime (X, ct), which evolved in the context of TGR at the
second stage of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic
parameters in a gravitational field, as illustrated already in the global geometries of
Figs. 1 and 2.

The outward manifestations on flat four-dimensional spacetime in the context
of TGR of the intrinsic gravitational length contraction and intrinsic gravitational
time dilation in the context of ¢TGR, given in the alternative forms of Egs. (27a-b),
(28a-b) and (29a-b) are the following respectively

dr = dr'cosy,(r'); rdd =rdé’; and r sinfdp = r’ sin 6’ dy’ (94a)
dt = dt'secy,(r’) (94b)
=1 Ay’ ,( )2 1/2 /
d = y,(r') 7 dr' =1 - —=—)"dr’; rdd = rd¢’;
<
and rsinfdy = r’sin§'dy’ (95a)
\Vi 2
dt = y,(r)dt' =1 - ( ) Ly 12qr (95b)
<
and
ar = y,(r)'dr’ =(1- 2GMoa)”zdr rdd = rd¢’;
r Cg
and rsinfdy = r’ sin @' dy’ (96a)
2GM
dt = y,(r)dt = (1 - ? 24712t (96b)

g

Equations (94a-b), (95a-b) and (96a-b) are alternative forms of gravitational
length contraction and gravitational time dilation in the context of TGR. It must be
noted that the rotation of dr’ relative to dr suggested by the first equation of system
(94a) and the rotation of cdt’ relative to cdt suggested by Eq. (94b) are intrinsic rota-
tions, that is, they are not actual or observable rotations with respect to 3-observers
in Z, as discussed earlier. The non-observable intrinsic rotations are what appear as
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actual rotations of dgp’ relative to dgp and ¢cdgt’ relative to ¢cdét in Fig. 9 of the
measurable sub-space of #TGR, to which intrinsic gravitational length contraction
and intrinsic gravitational time dilation formulae of Egs. (27a-b), 28(a-b) or (29a-b)
in the context of ¢TGR pertain.

Finally the outward manifestations on the flat four-dimensional spacetime in the
context of TGR of the intrinsic mass relation in the context of ¢TGR, derived graph-
ically in sub-section 2.2 and presented in the alternative forms of Egs. (32), (33) and
(34), is given in the following alternative forms, obtained by simply removing the
symbol ¢ from Egs. (32) — (34)

m=myy,(r') = mycos®y,(r') 97)
V(')
B 2GMga

= mo(l— r’cg ) 99)

The gravitational-relativistic mass m that evolved from the rest mass m in the con-
text of TGR shall be identified as the inertial mass and passive gravitational mass in
the second part of this paper.

The gravitational local Lorentz transformation (GLLT) in the alternative forms
of systems (85), (88) and (91) and its inverse in the alternative forms of systems (86),
(89) and (92); the gravitational local Lorentz invariance (GLLI) (93); the gravita-
tional length contraction and gravitational time dilation formulae in the alternative
forms of Eqs; (94a-b), (95a-b) and (96a-b) and the mass relation in the context
of TGR in the alternative forms of Eqgs. (97) — (99), are sufficient results of TGR
for now. Other results shall be added from the analytical approach to TGR to be
developed in the second part of this paper.

Since the results of TGR in this sub-section have been written directly from
the results of ¢TGR derived graphically in sub-sections 2.1 and 2.2, we have in
effect accomplished the graphical approach to TGR. It must be reiterated however
that there are no local spacetime geometries involving relative rotations of physi-
cal spacetime intervals and no global spacetime geometries involving curvature of
extended physical spacetimes in the context of TGR.
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4.2 SR and combined SR and TGR on flat spacetime in a gravitational field of
arbitrary strength

Just as done by writing the results of the theory gravitational relativity (TGR) on the
flat relativistic spacetime (Z, ct) in sub-section 4.1 directly from the corresponding
results of the intrinsic theory of gravitational relativity (¢TGR), derived graphically
in sub-sections 2.1 and 2.2, the results of SR and combined SR and TGR on the flat
relativistic spacetime (Z, ct), shall be written directly from the results of ¢SR and
combined ¢SR and #TGR on flat two-dimensional relativistic intrinsic spacetime
(¢p, pCot), derived graphically in sub-sections 3.1 and 3.2. This shall entail the
removal of the symbol ¢ from the results of ¢SR and ¢SR+¢TGR essentially, while
taking proper care of the fact that SR and SR+TGR are four-dimensional theories
on flat (%, ct), while #SR and pSR+@TGR are two-dimensional intrinsic theories on
flat (¢p, ¢Cot).

The intrinsic local Lorentz transformation (¢LLT) in the context of #SR and
its inverse in terms of extended straight line affine intrinsic spacetime coordinates,
which are but limited in extensions to the interior of a local Lorentz frame in the
external gravitational field, in the alternative forms of systems (37) and (38) and
systems (40) and (41), on the flat relativistic intrinsic metric spacetime (¢p, ¢Cpt)
that evolved in the context of TGR in a gravitational field, are made manifest out-
wardly (or physically) within a local Lorentz from on the flat four-dimensional rel-
ativistic metric spacetime (X, ct) in the context of SR in the external gravitational
field respectively as follows

X = ):(secwd—cyftanzpd; g:;?; 2:%;
(w.r.t. 3 — observer Peter in X)
) i (100)
of = c¢lfsecyy— Xtanyq;
(w.r.t. 1 — observer Peter in ct)
and
X = Xsecyq + Cy ftan yg; j=y,2=12
(w.r.t. 1 — observer Peter in ct)
. (101)
ot = c¢fsecyq+ Xtanyy;

(w.r.t. 3 — observer Peter in X)
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or L. 5
X = yX-t)y=§,2=2
(w.r.t. 3 — observer Peter in X)
: vz (102)
= yE- 5%
G
(w.r.t. 1 — observer Peter in ct)
and _ _ _
X = ydoX+t);y=52=2
(w.r.t. 1 — observer Peter in ct)
= v (103)
t = v+ 5%);
G
(w.r.t. 3 — observer Peter in X)

where the outward manifestations on the flat spacetime (X, ct) of Egs. (39a) and
(39b) on flat intrinsic spacetime (¢p, pCpHt) namely,

singyg = v/C, = B4(v) (104a)
cosyy = 1/1—02/C$,Eyd(v)_l (104b)

have been used in converting systems (100) and (101) to systems (102) and (103).
Except for the change of notations of the affine intrinsic coordinates, systems (100)
and (101) are the same as systems (28) and (29) of [9] and systems (102) and (103)
are the same as systems (33) and (34) of [9].

As discussed in [9], the rotation of the affine spacetime coordinates X and c,{
relative to X and Cyf respectively by angle ¥y, which system (100) may suggest and
the inverse rotation of X and Cyf relative to X and ¢, respectively at negative angle
—4, which system (101) may suggest, do not exist in reality, or are fictitious. They
may be described as intrinsic rotations, which is formally what theL rotations of the
intrinsic affine coordinates ¢X and ¢c,¢f relative to ¢):( and ¢c,¢t respectively in
Figs. 10 and 11 and the inverse rotation of #X and ¢Cy¢f relative to ¢X and ¢C, ¢
respectively by negative intrinsic angle —¢yq in the inverses to Figs. 10 and 11 (not
drawn) represent.

The outward (or physical) manifestations on the flat four-dimensional relativis-
tic metric spacetime (X, Ct) in the context of TGR, of intrinsic gravitational local
Lorentz transformation (¢GLLT) and its inverse on the flat relativistic intrinsic met-
ric spacetime (¢p, pCot) in the context of intrinsic gravitational theory of relativ-
ity (#TGR), in the alternative forms of systems (14) and (17), systems (19) and

A. Joseph. Formulating gravity and motion at second stage of evolutions of spacetime ... 1.670



Mar, 2012 THE FUNDAMENTAL THEORY ... (M) Vol. 1(3B): Article 14

(20) and systems (23) and (24), take on the alternative forms of systems (85) and
(86), systems (88) and (89) and systems (91) and (92) in every gravitational field
(spherically-symmetric or not), with respect to 3-observers in Z. This, as discussed
earlier in sub-section 4.1, is due to the fact that the relativistic Euclidean 3-space X
is not isotropic (i.e. all directions in X are not the same) with respect to 3-observers
in X and the gravitational velocity is purely radial in every gravitational field, as dis-
cussed in sub-section 1.2 leading to system (4), to be established formally elsewhere
with further development.

The outward manifestations on the flat four-dimensional relativistic spacetime
(Z, ct) in the context of SR in a gravitational field of the intrinsic local Lorentz trans-
formation (¢LLT) and its inverse on flat two-dimensional intrinsic metric spacetime
(¢p, pcot) in the context of SR in a gravitational field, in the alternative forms of
systems (37) and (38) and systems (40) and (41), likewise take the alternative forms
of systems (100) and (101) and systems (102) and (103), for every pair of frames of
reference in relative motion, as explained hereunder.

Now let the affine spacetime coordinate systems (Cyf, X,i, Z) and (Cyf, ):(, j i)
on the flat four-dimensional relativistic metric spacetime (X, ct) of TGR be the
frames of reference of a particle and the observer respectively within a local Lorentz
frame on the flat spacetime (Z, ct) in a gravitational field of arbitrary strength. The
corresponding affine intrinsic spacetime coordinate systems of the intrinsic frames
of the particle and observer in the underlying flat two-dimensional relativistic in-
trinsic metric spacetime (¢p , ¢Cgt) of JTGR are (¢C,¢t, ¢X) and (¢c,¢t, $X) re-
spectively, where ¢X and ¢X are both aligned along the singular one-dimensional
universal isotropic relativistic intrinsic space ¢p.

Let the particle’s frame (C,f, X, j, Z) be in motion at velocity, Jop = 7, rela-
tive to the observer’s frame (Cyf, X, i ,2), which implies that the particle’s intrinsic
frame (4Cet, #X) is in intrinsic motion at intrinsic speed, gvop = v, relative to the
observer’s intrinsic frame (C,t, X, j Z), where |pv| = |0]. The intrinsic speed ¢v
lies along the intrinsic coordinate ¢X, which, itself lies along the singular universal
isotropic intrinsic space @p.

The outward (or physical) manifestation of the intrinsic coordinate system
(¢c, ¢, pX) obtained by simply removing the symbol ¢ is (c,f, ). It then follows
that the intrinsic motion at intrinsic speed ¢v along the intrinsic coordinate ¢X of
the particle’s intrinsic frame, (¢C,¢t, ¢X) relative to the observer’s intrinsic frame
(¢cy¢f, #X) is made manifest outwardly as the motion at speed v along the coor-
dinate X of the partial coordinate system (C,f, X) of the particle’s frame on the flat
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four-dimensional spacetime (X, ct) relative to the observer. When the other coordi-
nates of the particle’s frame namely, § and Z, are incorporated into (C,f, X) we have a
situation where the intrinsic motion at intrinsic speed, ¢vop = ¢v, along the intrinsic
coordinate ¢X of the particle’s intrinsic frame (¢C,¢f, ¢X) relative to the observer’s
intrinsic frame (¢Cy¢f, #X%) is made manifest outwardly as the motion at velocity,
Uop = U, along the coordinate X of the particle’s frame (c,f, X, 7, 2) relative to the
observer’s frame (Cyf, ):(, ?, i) on the flat four-dimensional spacetime (X, ct).
Once it is adopted as a convention that the X—axis of every frame shall be along
the direction of the velocity ¥ of relative motion of the frame, then the velocity,
Uop = U, is purely along the X—axis of every frame. Thus for the present case
of a particle’s frame (c,f, X, 7, Z) in motion at velocity, op = 7, relative to the
observer’s frame (Cyf, );(, ?, %), Uop is purely along the coordinate X, which also
lies above the isotropic intrinsic space ¢p. That is,
Jop =0 =uvg =0l (105a)

On the other hand, the observer’s frame (cﬁ, ):(, v, i) is in motion at velocity,
Upo = —7, relative to the particle’s frame (c,f, X, §, Z) and the observer’s intrinsic
frame (¢Cy¢%, #X) is in intrinsic motion at intrinsic speed, pvpo = —¢u, relative to
the particle’s intrinsic frame (¢C,¢t, $X) in the above. The intrinsic motion at intrin-
sic speed —¢v of the observer’s intrinsic frame (¢Cy¢f, $X) relative to the particle’s
intrinsic frame (¢C, ¢t, ¥X), which occurs along the intrinsic space coordinate ¢):( that
is aligned along the singular universal isotropic intrinsic space ¢p, is made manifest
in the motion of the observer’s frame (Cﬁ R ):(, ;, i) at velocity, po = —U, along the
coordinate X of the observer’s frame relative to the particle’s frame (c,f, X, 7, 2)
on the flat four-dimensional spacetime (X, ct). Again, Upo = -0, is purely along the
coordinate X of the observer’s frame. That is,

Boo = —3 = —vsi = —ui (105b)

The velocities tpo and Uop lie along the same line but are oppositely directed
in the Euclidean 3-space X. It then follows that the coordinates X of the particle’s
frame, along which the velocity top lies, and the corresponding coordinate X of the
observer’s frame along which the velocity Upo lies, are collinear in X.

The conclusion then is that although the coordinate systems (c,f, X, i, Z) and
(cyf, X, ?, Z) of two frames in relative motion can be orientated relative to each
other in space in an uncountable number of ways, the relative orientation of the
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coordinate systems in which the coordinates X and X of the two frames are collinear
along the direction of their relative velocity is the naturally prescribed orientation
for deriving the Lorentz transformation (LT) and its inverse for the two frames.
However the corresponding coordinates of the two frames that are collinear with the
velocity of their relative motion may be taken as i and ? or Zand Z it is just a matter
of convention that they shall be taken as X and X. A corollary of this conclusion is
that the LT and its inverse take on the forms of systems (100) and (101) or systems
(102) and (103) for every pair of frames in relative motion.

The natural orientation of the coordinate systems of two frames in relative mo-
tion for deriving the LT and its inverse isolated above is natural because it takes
into consideration the fact that the intrinsic motion at intrinsic speed, ¢gvop = ¢,
of the intrinsic frame (¢c,¢f, $X) relative to the intrinsic frame (¢cC,¢t, ¢X) and
the converse intrinsic motion at intrinsic speed, Pvpo = —¢u, of the intrinsic frame
(¢c,gt, ¢):() relative to the intrinsic frame (¢C,¢t, ¢):() take place along the intrin-
sic coordinates ¢% and ¢X respectively, which are both aligned along the singular
universal isotropic intrinsic space ¢p. The intrinsic coordinates ¢X and ¢):( and the
intrinsic speeds ¢vop and ¢uvpo, which are aligned along the singular straight line
universal isotropic intrinsic space ¢p are then made manifest in coordinate X and X
and velocities top and Upo that lie along a straight line along the collinear coordi-
nates X and X in X.

An arbitrary orientation in space of the coordinates systems (c,f, X, i, Z) and
(cyf, X, Y, 2) of two frames in relative motion at a velocity # on the flat four-
dimensional spacetime (X, ct), for the purpose of deriving the LT and its inverse, in
which the coordinates X and X and the velocity & are not collinear, does not put into
consideration the relative intrinsic motion at intrinsic speed ¢v of the intrinsic frames
(¢c,¢t, ¢%) and (¢C, i, ¢):() in the underlying flat two-dimensional intrinsic space-
time (¢p, pCopt). Whereas it is the relative intrinsic motion of the intrinsic frames
in intrinsic spacetime that determines the observed relative motion of the frames in
spacetime. Such arbitrary orientation of coordinate systems of two fames in relative
motion is impossible. On the other hand, the collinearity of the coordinates X and X,
which is inherent in the Lorentz transformation and its inverse in the familiar forms
of systems (102) and (103), is usually considered to be an assumption in the special
theory of relativity.

It is crucial to note that SR involves extended intrinsic affine spacetime coordi-
nates ¢X and ¢C,¢t and consequently SR involves extended four-dimensional affine
spacetime coordinates ):(, 17,% and cyf, (which are but limited to interiors of a local
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Lorentz frames in a gravitational field for motion within a gravitational field). The
only metric intrinsic spacetme involved in ¢SR is the little intrinsic metric spacetime
interval d¢p and ¢cgt contained within the gravitational-relativistic cum special-
relativistic intrinsic mass ¢m of the test particle in relative motion. Consequently
the only metric spacetime involved in SR is the little volume dX contained within
m moving in ¥ and little interval of time dimension cdt contained within the the
symmetry-partner mass £/C> moving along the time dimension ct, of the particle in
relative motion. An implication of this is that the motion of a test particle in the
extended flat relativistic metric spacetime (X, ct) that evolves in the context of TGR
can neither alter the Lorentzian metric nor the label of (X, ct). In other words, the
extended flat spacetime (X, ct) of TGR does not transform into another extended
flat spacetime (f, ct) due to the relative motion of a particle or body in (X, ct) in
the context of SR.

Similarly it is due to the fact that the isotropic relativistic intrinsic space ¢p and
the intrinsic gravitational speed ¢V (¢r’) that lies along ¢p is naturally orientated
along radial directions from the centroid of every gravitational field source (spher-
ical or non-spherical) in the relativistic Euclidean 3-space X only that the outward
manifestation in £ of ¢V, (¢4r’) namely, the gravitational velocity \75’,(r’) is naturally
along radial directions from the centroid of every gravitational field source (spher-
ical or non-spherical) in X only, as shall be taken up fully elsewhere with further
development. Consequently \79’,(r’) is radially towards the centroid of every grav-
itational field source, spherically-symmetric or not, as stated by system (4), and
GLLT and its inverse can take on the forms of systems (85) and (86) or systems
(88) and (89) or systems (91) and (92), in which the coordinates intervals r’'d¢’” and
r’ sin @’dy’ transform into the coordinate intervals rdé and r sin 8dy trivially only in
every gravitational field (spherical or non-spherical).

After the long but important digression to establish the fact that the local Lorentz
transformation (LLT) and its inverse of SR can take on the forms of systems (100)
and (101) or systems (102) and (103) only within or outside a gravitational field,
for every pair of frames of reference in relative motion, and the gravitational local
Lorentz transformation and its inverse can take on the forms of systems (85) and
(86) or systems (88) and (89) or systems (91) and (92) in every gravitational field
(spherically symmetric or not), let us return to the subject of this sub-section, which
is writing the results of SR and combined SR and TGR on the flat four-dimensional
spacetime (X, ct) from the corresponding results of SR and combined ¢SR and
¢TGR on flat intrinsic spacetime (¢p, ¢Cpt).
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Either system (100) or (101) or the explicit form in terms of the speed v (102) or
(103) leads to local Lorentz invariance (LLI) (of SR ) on the flat relativistic space-
time (Z, ct) of TGR in a gravitational field. That is,

2 52 =2 22 282 2 =2 2
ot -X -y - =t -8 -j§"-2 (106)

This is the outward manifestations on the flat (¥, ct) in the context of SR of the
intrinsic local Lorentz invariance (¢LLI) (of #SR) (42) on flat (¢p, pCot).

The Lorentz transformation (LLT) and its inverse of systems (100) and (101)
or system (102) and (103) and the LLI (106) they imply, obtain within every lo-
cal Lorentz frame in every gravitational field (spherically symmetric or not). The
LLI has thus been validated on the flat relativistic spacetime (Z, ct) that evolved in
the context of TGR in every gravitational field, as shall also be re-done purely an-
alytically in the second part of this paper. It may be recalled that LLI remains an
assumption (without theoretical validation) but with abundant experimental support
in the general theory of relativity (GR) [10, 11, etc].

The intrinsic special-relativistic length contraction and intrinsic special-relativ-
istic time dilation formulae in the alternative forms of Eqgs. (43a) and (43b) and
Egs. (44a) and (44b) in the context of ¢SR on the flat relativistic intrinsic spacetime
(¢p, pcot) of ¢TGR in a gravitational field, are made manifest outwardly (or phys-
ically) in special-relativistic length contraction and special-relativistic time dilation
formulae in the context of SR on the flat relativistic spacetime (Z, ct) of TGR in
every gravitational field respectively as follows

X = Xcoswd;jzg; andZ=7 (107a)
t = fsecyq (107b)
or
X = ya)'®=(1-0*/c)' Py =7 andZz=12 (108a)
f = yaf=-0?/c) % (108b)

The intrinsic gravitational-relativistic cum special-relativistic length contrac-
tion and intrinsic gravitational-relativistic cum special-relativistic time dilation for-
mulae on the flat relativistic intrinsic spacetime (¢p, ¢Cot) in the context of com-
bined #TGR and ¢SR, in the alternative forms of Eqs. (48a-b) and (50a-b), are
likewise made manifest outwardly on the flat four-dimensional spacetime (Z, Ct)
of TGR as gravitational-relativistic cum special-relativistic length contraction and
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gravitational-relativistic cum special-relativistic time dilation formulae in the con-
text of combined TGR and SR respectively as follows

X = X’ cos i, (r') cos ¥q; y=i'; z2=27 (109a)
it = ¢ secyy(r’) sec g (109b)
= n-1 g V(;(r’)z 1/2 v* 1/2g7
X = 7)) y)” X = (1 - ———)"( - 5) "%
Cg C7
y=i’s 2=7 (110a)
- V()2 2
_ ’ ’_ g -1/2 —1/2¢7
t = y,(")ya@it’ =1 - c—g,) (1- C—%) t (110b)
or
= e e 2GM v? ,
X = () My 'R = (1= =)0 - )R
re c
y=y: 2=7 (111a)
= , , 2GMpa v ,
t = (@ = (1 - =557 - )7 (111b)
r'e c

The affine spacetime coordinates with prime label ¢,f’,X’, 5’ and 2’ are those
of the particle’s frame in the context of the primed special theory of relativity (SR’),
involving the motion of the rest mass my of the particle relative to the observer,
within a local Lorentz frame at radial distance r’ from the center of the rest mass M,
of the gravitational field source, in the proper Euclidean 3-space ¥’ of the flat proper
(or classical) spacetime (X', ct’) (in Fig. 11 of [6]), which evolved in the context of
absolute intrinsic gravity/absolute gravity (¢AG/AG) — assuming relative gravity
was still absent — at the first stage of evolutions of spacetime/intrinsic spactime and
parameters/intrinsic parameters in a gravitational field. The coordinates C,t, X,y
and Z are those of the observer’s frame in the context of the unprimed special theory
of relativity (SR), involving the motion of the gravitational-relativistic mass mof the
particle relative to the observer, within a local Lorentz frame at radial distance r from
the center of the gravitational-relativistic mass M of the gravitational field source, in
the relativistic Euclidean 3-space X of the flat relativistic spacetime (Z, ct) of TGR
in Fig. 1, which evolved at the second stage of evolutions of spacetime/intrinsic
spactime and parameters/intrinsic parameters in a gravitational field.
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However while the resultant time dilation formula in the context of combined
TGR and SR of Eq. (109b), (110b) or (111b) is valid for an arbitrary orientation
of the coordinates of 3-space X, i and Z of the observer’s frame relative to a radial
direction from the center of the mass M of the gravitational field source in X, within
a local Lorentz frame, the resultant length contraction formula (109a), (110a) or
(111a) is valid for the particular orientation of the spatial coordinates in which X
along which motion of the particle relative to the observer occurs, lies along a radial
direction from the center of M.

In a situation where the coordinate X along which the motion of the particle
relative to the observer occurs does not lie along a radial direction from the center
of the gravitational field source M in X, on the other hand, the length contraction
formula (109a), (110a) or (111a) must be modified appropriately. If, for instance,
the coordinates X and y are orientated perpendicular to a radial direction from the
center of M, while the coordinate Z lies along a radial direction from the center of
M within a local Lorentz frame for a give moment, then the proper (or classical)
coordinate X" will suffer special-relativistic contraction solely, the proper (or clas-
sical) coordinate 2’ will suffer gravitational-relativistic contraction solely, while the
proper (or classical) coordinate 7 will suffer no contraction for that moment. Then
system (109a), (110a) or (111a) must be modified accordingly for this situation. For
instance system (111a) must be modified as follows

- ’ - . 2GM
X= (- PR =g 2= (- =)y (112)
c rec;

while Eq. (111b) remains unchanged.

The outward manifestations in the context of SR on the flat four-dimensional
gravitational-relativistic spacetime (X, Ct), of the intrinsic local Lorentz transforma-
tion and its inverse in terms of the little gravitational-relativistic intrinsic metric
spacetime interval (dgp, pcdgt) contained within the gravitational-relativistic in-
trinsic mass (¢m, pe/$C?) of the particle and the little gravitational-relativistic cum
special-relativistic intrinsic metric spacetime interval (dgp, pcdgt) contained within
the gravitational-relativistic cum special-relativistic mass intrinsic (¢M, ¢&/¢c*) of
the particle, in the alternative forms of systems (51) and (52) and systems (53) and
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(54) in the context of SR are the following

dx = dXsecyy—cdttanyy; dy = dy; dz=dz

(w.r.t. 3 — observer Peter in X)
_ (113)
cdt = cdtsecyy— dXtanyyg;

(w.r.t. 1 — observer Peter in ct)
and
dX = dxsecyq+ cdttanyy; dy = dy; dz=dz

(w.r.t. 1 — observer Peter in ct)
_ (114)
cdt = cdtsecyqy + dXtanyyg;

(w.r.t. 3 — observer Peter in X)

or

dx va()(dX — vdt); dy = dy; dz = dz
(w.r.t. 3 — observer Peter in X)

. (115)
dt = yq()(dt- C_de);

Y ~
(w.r.t. 1 — observer Peter in ct)

and
dX = yq@)(dx+ vdt); dy = dy; dZz=dz
(w.r.t. 1 — observer Peter in ct)

d = yq)(dt+ C_Uzdx); (116)

Y
(w.r.t. 3 — observer Peter in X)

The metric spacetime coordinate intervals dx, dy, dz and cdt in systems (113)
— (116) are the dimensions of the gravitational-relativistic mass (m, &/ c?) of the
particle that evolved on the flat relativistic spacetime (Z, ct) in the context of TGR,
while dX, dy, dX and cdt are the dimensions of the gravitational-relativistic cum
special-relativistic mass (M, /%) that evolved on (Z, ct) in the context of combined
TGR and SR.

The special-relativistic length contraction and special-relativistic time dilation
formulae implied by systems (113) and (114) and systems (115) and (116), are the
outward manifestations of Eqs. (56a-b) and Eqs. (57a-b) in the context of #SR, given
as follows

dx
dt

dxcosyy; dy =dy, dz=dz (117a)
dt sec y/q (117b)
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and
2
dx = yd<v>—1dx;=(1—%>”2dx; Gj=dy dz=dz  (118a)
Y
_ U2
dt = ya@dt; = (1 - )"dt (118b)
C7

Only the dimension dx of the particle (or object), a box, say, along which its motion
relative to the observer occurs, suffers special-relativistic contraction relative to the
observer according to system (117a) or (118a).

The intrinsic special-relativistic cum gravitational-relativistic length contrac-
tion and special-relativistic cum gravitational-relativistic time dilation of the lit-
tle proper intrinsic metric spacetime interval (dgp, ¢cdgt) contained within the
special-relativistic cum gravitational-relativistic intrinsic mass (¢M, ¢&/¢c*) of the
particle or object on the flat relativistic intrinsic spacetime (¢p , ¢C¢t), in the context
of combined ¢TGR and ¢SR, given in the alternative forms of Egs. (58a-b), (59a-
b) and (60a-b), are likewise made manifest on the flat four-dimensional relativistic
spacetime (Z, ct) in the context of combined TGR and SR respectively as follows

dx = dx cosy,(r')cosyq; dy=dy’; dz=dz; (119a)
dt = dt’secy,(r')secyqy (119b)
or
dX = y,(r') ya(0)dx;
/ /2
= (1- ((:))1/2(1 2)1/20|x’; dy=dy’; dz=dz; (120a)
g 7
dt = y,(r)ya(u)dt’;
’( ,)2 -1/2 2 —1/2 A4/
= (1--L)y""q- 2) dt (120b)
Cg 7
or

X = 5, 'ya@)'dx;

2
- (1- 26/“103)1/2(1 2)1/2dx'; dy=dy; dz=dz; (121a)
C Cy
dt = y,(r)ya()dt’;
- a- ZG|V|203) 121 - 2)*1/2dt’ (121b)
I’C y
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Again the length contraction formulae of the dimensions of the particle or ob-
ject of system (119a), (120a) or (121a) is valid in a situation where its dimension
dX, along which its motion relative to the observer occurs within a local Lorentz
frame, is orientated along a radial direction from the center of the mass M of the
gravitational field source in . Otherwise systems (119a), (120a) and (121a) must
be modified appropriately.

The intrinsic mass relation (74) or (75), the intrinsic total energy expression (76)
and the intrinsic kinetic energy relation (77), derived graphically in the context of
¢SR on the flat relativistic intrinsic spacetime (¢p, ¢C¢t) in a gravitational field ear-
lier, are made manifest in mass relation, total energy expression and kinetic energy
relation on the flat relativistic spacetime (X, ct) in the context of SR in a gravitational
field respectively as follows

02

M = yg(v)M = Msecyg = m(1 — g)—l/z, (122)
Y
m’c) - M’c v’ = nr'c) (123)
and
T = ma@-1
= me((1-v* /)2 -1) (124)

The intrinsic mass relation in the context of combined ¢TGR and ¢SR derived
graphically in sub-sections 2.2 and 3.2 and presented in the alternative forms of
Egs. (78), (79) and (80) are made manifest on the flat four-dimensional relativistic
spacetime (Z, ct) in the context of combined TGR and SR in the following alterna-
tive forms

m = myy, () ya()

= mycos” ¥, (r') sec g (125)
V/(r')? v
= 1--2 1-—=)'? 126
My( a X C2) (126)
ZGMoa U2 —1/2
= 1- 1-= 127
M( s ) C%) (127)

The mass Mis the gravitational-relativistic cum special-relativistic mass in the con-
text of combined TGR and SR.
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The intrinsic gravitational-relativistic cum special-relativistic kinetic energy in
the context of combined TGR and ¢SR presented in the forms of Eqs;, (80) — (82)
are likewise made manifest on flat four-dimensional relativistic spacetime (X, ct) in
the context of combined TGR and SR respectively as follows

T = mCcos” (' )[secyq — 1] (128)
V(r’ 2 2
= mc(l - "(2) (1= )2 -1 (129)
C.‘/ C)’
2
= myer - My Lyan g (130)
r Cg C

The kinetic energy T is the gravitational-relativistic cum special-relativistic kinetic
energy in the context of combined TGR and SR.

Finally the intrinsic total energy expression (76) on the flat relativistic intrinsic
spacetime (¢p , ¢pCot) in the context of combined ¢TGR and ¢SR is made manifest
in total energy expression on the flat relativistic spacetime (X, Ct) in the context of
combined TGR and SR as follows

=24 =2 2 _ 4
m’c) - M’cv” = nrc (131)

where Mis given by Eq. (126) or (127) in the context of TGR+SR and mis given
by Eq. (97), (98) or (99) in the context of TGR. By using Eq. (126) or (127) and
Eq. (97), (98) or ((99) in Eq. (131) we have

mec) — mco® = mgc) (132)

where M = yq4(v)My is the special-relativistic mass expression (usually written as
m = yny) in the context of the primed special theory of relativity (SR”) on flat
proper spacetime (X', Ct’) in the absence of relative gravity, with the geometry of
Fig. 11 of [6], at the first stage of evolutions of spacetime/intrinsic spacetime and
parameters/intrinsic parameters in a gravitational field of arbitrary strength.

The effect of gravitational relativity (that is, the effect of TGR) cancels out in the
gravitational-relativistic cum special-relativistic expression (131), thereby making
the pure special-relativistic expression (132) to remain unchanged with position in
a gravitational field.

Every result of TGR, SR and combined TGR and SR on the flat relativistic
spacetime (Z, ct) of TGR has its corresponding results in the context of pTGR, #SR
and combined pTGR and ¢SR on the flat relativistic intrinsic spacetime (¢p , PCpt)
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of ¢TGR in a gravitational field, where most of the results of TGR, SR and combined
TGR and SR can be obtained by simply removing the symbol ¢ from the results of
¢TGR, ¢SR and combined ¢ TGR, ¢SR. There is certainly a graphical approach to
TGR, SR and combined TGR and SR via the graphical approach to pTGR, #SR and
combined pTGR and ¢SR, as developed in this first part of this paper.

The fact that TGR, SR and TGR+SR, etc, on the flat four-dimensional rela-
tivistic spacetime (Z, ct) of TGR are outward (or physical) manifestations of ¢TGR,
¢SR, pTGR+¢$SR, etc, on the flat relativistic intrinsic spacetime (¢p , pCpt) of TGR
in a gravitational field, establishes a notion that non-observable intrinsic physics in
intrinsic spacetime determines the observed physics in spacetime. The formal es-
tablishment of this notion at this point in the present theory is crucial, because it
(the notion) authenticates one of the background philosophical stand-point of the
present theory, that the domain of physics transcends the domain of experience.

There are actually two possible approaches to each of TGR, SR and combined
TGR and SR on the flat four-dimensional relativistic spacetime (Z, ct) of TGR in a
gravitational field namely,

1. The graphical approach to TGR, SR and combined TGR and SR via the graph-
ical approach to TGR, ¢SR and combined #TGR and ¢SR, as developed in
this first part of this paper, and

2. An analytical approach to TGR, SR and combined TGR and SR on the flat
four-dimensional spacetime (X, ct) of TGR, to be developed in the second part
of this paper, to complement the graphical approach. However the analytical
approach to SR, which has been developed by Einstein in 1905, shall not be
repeated.
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