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Abstract

The two stages of evolutions of metric spacetime and intrinsic metric spacetime and the associated
spacetime/intrinsic spacetime geometries in long range metric force fields, derived in the four-
world picture in previous articles, are particularized to the gravitational field. The theory
of relativity on flat four-dimensional relativistic metric spacetime (IE®,cst) and the theory of
intrinsic relativity on the underlying flat two-dimensional relativistic intrinsic metric spacetime
(@p, Des@t), due to the presence of a long range metric force field in spacetime, as well as
the absolute intrinsic metric theory (of the metric force field) on the curved ‘two-dimensional’
absolute intrinsic metric spacetime (@p, @é;@t) with absolute intrinsic sub-Riemannian metric
tensor @gik, all of which evolve at two stages of evolutions of metric spacetimes and intrinsic
metric spacetimes in long range metric force fields in general, developed in the previous articles,
are particularized to the gravitational field. They become the theory of gravitational relativity
(TGR) on flat four-dimensional gravitational-relativistic metric spacetime, the theory of intrinsic
gravitational relativity (T@GR) on the underlying flat two-dimensional gravitational-relativistic
intrinsic metric spacetime and the metric theory of absolute intrinsic gravity (MA@G) on the
curved ‘two-dimensional’ absolute intrinsic metric spacetime, which evolve at two stages of
evolutions of metric spacetime and intrinsic metric spacetime and of parameters and intrinsic

parameters in the gravitational field. The basic aspects of T@GR and TGR are developed in this

first part of this article.
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1 Introduction

The special theory of relativity (SR) on flat four-dimensional proper spacetime and
a newly added intrinsic special theory of relativity (&SR) on a formally derived flat
two-dimensional proper intrinsic spacetime, which underlies the flat four-dimensional
proper spacetime, in assumed Newtonian gravitational field, are reformulated on a
four-world background in a series of articles [1-4]. A new set of affine spacetime
and intrinsic affine spacetime diagrams in the four-world picture are drawn, from
which Lorentz transformation and intrinsic Lorentz transformation and the inverse
are derived.

The new development in SR/@SR in the four-world picture is extended to a
general long-range metric force field of arbitrary strength in spacetime and its
underlying long-range intrinsic metric force field in intrinsic spacetime in a series
of articles [5-8]. Two stages of evolutions of metric spacetime and intrinsic metric
spacetime in a general long-range metric force field and the underlying long-range
intrinsic metric force field are isolated and the associated sequence of metric spacetime
and intrinsic metric spacetime diagrams are developed progressively in those articles.

The two stages of evolutions of metric spacetime/intrinsic metric spacetime and
the associated sequence of spacetime/intrinsic spacetime diagrams in long range
metric force fields and long-range intrinsic metric force fields in general in the
previous articles [5-8], are particularized to gravitational field of arbitrary strength
in spacetime and a newly added intrinsic gravitational field in intrinsic spacetime
in section 2 of this article. Gravitational and non-gravitational parameters, such as
gravitational potential and field, mass, energy, electric and magnetic fields, etc, and
their intrinsic counterparts, undergo two stages of evolutions along with spacetime
and intrinsic spacetime in the gravitational field. The basic aspects of the theories
of gravity and theories of intrinsic gravity encompassed by the sequence of diagrams
are formulated in sections 3 and 4.

The two stages of evolutions of spacetime/intrinsic spacetime and the associated
sequence of spacetime/intrinsic spacetime geometries developed in long-range metric
force fields in general in the previous articles [5-8] and their particularization to the
gravitational field in this article, are pure novel effort of the author. No related work
in physics or mathematics exists in the open literature, as far as can be found. This
thereby limits the references in this paper to the previous papers of the author cited
above, upon which this paper is based essentially. It is to be remarked however that
the progression made in the present work from SR/@SR flat spacetime/flat intrinsic
spacetime in a four-world picture in [1-4] to the theories of gravity and theories of
intrinsic gravity on flat spacetime and curved intrinsic spacetimes in the four-world
picture in [5-8] and this article, follows the same trend as Einstein’s progression
from the special relativity on flat spacetime [9] to the general theory of relativity on
curved spacetime in the gravitational field [10].



UNDER PEER REVI EW

2 Metric spacetime/intrinsic metric spacetime geometries
at the first and second stages of evolutions of spacetime/
intrinsic spacetime in the gravitational field in the
four-world picture

2.1 The first stage of evolutions of spacetime/intrinsic spacetime
and parameters/intrinsic parameters in the gravitational field

Let us start by reproducing the geometry of Fig. 7 of [7], reproduced as Fig.2
of [8], which existed with the assumed absence of long-range metric force field (or
prior to the first stage of evolutions of spacetime and intrinsic spacetime in long-
range metric force fields) in our universe, as Fig.1 of this article. The absence
of absolute intrinsic Riemannian metric spacetime geometry implies the absence
of curved ‘two-dimensional’ absolute intrinsic metric spacetime (@p, @é;@t) and
its projective flat (or non-curved) ‘two-dimensional’ absolute proper intrinsic metric
spacetime (@pl,, DcsapDtl,) and the outward manifestation of the latter namely, the
flat (or non-curved) ‘two-dimensional’ absolute proper metric spacetime (!, csapt,;)
in that figure. There is also the absence of the flat (or non-curved) two-dimensional
relative proper intrinsic metric spacetime (Fp’, @cs@t’) and its outward manifestation
namely, the flat (or non-curved) four-dimensional relative proper metric spacetime
(IE"3, cst'), which appear automatically in absolute intrinsic Riemannian spacetime
geometgry, as is the case in Fig. 1 of this article.
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Figure 1: Flat ‘four-dimensional” absolute metric spacetime and its underlying flat
‘two-dimensional’ absolute intrinsic metric spacetime with the assumed absence of a
long-range metric force field (or absence of absolute intrinsic Riemannian spacetime
geometry) in our universe; (Fig. 7 of [7]).

On the other hand, Fig.7 of [7], reproduced as Fig.1 of this article, evolves
into Fig. 11 of that article, reproduced as Fig. 2 of this article, at the first stage of
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evolutions of metric spacetime and intrinsic metric spacetime in all finite neighbourhood
of a long-range meric force field in our universe. The metric spacetimes and intrinsic
metric spacetimes, which are absent in Fig. 1 of this article, due to the absence of
long-range metric force field (or absence of absolute intrinsic Riemannian metric
spacetime geometry), mentioned in the preceding paragraph, are contained in Fig. 2
of this article.
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Figure 2: The flat four-dimensional relative proper metric spacetime/flat ‘two-
dimensional’ absolute proper metric spacetime and hierarchy of two-dimensional
intrinsic metric spacetimes that evolve at the first stage of evolutions of metric
spacetimes and hierarchy intrinsic spacetimes in long-range metric force fields in our
universe; (Fig. 11 of [7]).

Let us consider the reference metric spacetime and intrinsic metric spacetime
geometry of Fig.1 of this article in our universe assumed to be devoid of a long-
range metric force field, now being considered to be the absence of gravitational
field in this article. There is the absence of absolute intrinsic Riemannian metric
spacetime geometry in the universe by this assumption.

On the other hand, let us introduce the absolute rest mass, to be denoted by Mo,
of a gravitational field source at a point S on the flat ‘three-dimensional’ absolute
space IE3 in our universe in Fig. 1. The absolute rest masses, MY, —M@k and —M9*,
of the identical symmetry-partner gravitational field sources will be automatically
introduced at the symmetry-partner points, 5’0, S* and SO*, in the assumed initially
empty flat absolute metric 3-spaces, £03, — IE%* and — IE%3*, of the positive time-
universe, negative universe and negatlve time-universe respectively, simultaneously
with the introduction of My at point S in IE® in the positive (or our) universe. This
follows from the perfect symmetry of state among the four universes established in
section 2 of [4]. The fact that My, MY, —Mg and —MJ* are identical in magnitude,
size and shape is also established in sub-sections 2.1 and 2.2 of [4].
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As explained in sub-section 3.1 of [3], the appearance of My at point S in IE3;
of M0 at point S0 in IE03, of M0 at point S* in —IE* and of — 0* at point
S0 in —IE9* where 9, SO, S* and S0% are symmetry—partner points, Wlll lead to
the appearance of identical symmetry-partner ‘one-dimensional’ absolute intrinsic
rest masses, @Mg in ‘one-dimensional’ absolute intrinsic metric space @ﬁ directly
underneath Mg in IE3 in the positive (or our) universe; @Mg in @p directly
underneath M 0 in % in the positive time-universe; —@MO in —@p directly
underneath ]\40 in — IE3* in the negative universe and @M O in —@p* directly
underneath M in — IE%* in the negative time-universe, as 1llustrated in Fig. 3.

Figure 3: The mutually orthogonal flat ‘three-dimensional’ absolute metric spaces
(as flat hyper-surfaces) and their underlying straight line ‘one-dimensional’ absolute
intrinsic metric spaces of four symmetrical universes namely, the positive (or our)
universe, the negative universe, the positive time-universe and the negative time-
universe, containing identical assumed spherical absolute rest masses in the absolute
metric 3-spaces and lines of absolute intrinsic rest masses in the ‘one-dimensional’
absolute intrinsic metric spaces directly underneath the absolute rest masses in
the absolute spaces, of symmetry-partner gravitational field sources at symmetry-
partner points in the absolute spaces within the assumed otherwise empty universes.

Let us recall the explanation of the transformation of Fig. 1 into Fig. 4a of [3],
with respect to 3-observers in the relative proper Euclidean 3-space IE” (denoted
by ¥/ in those figures), of the positive (or our) universe in section 2 of that article.
Figures 1 and 4a of [3] are reproduced as Figs. 4a and 4b respectively of this article,
for convenience of reading. It follows from the transformation of Fig. 4a into Fig. 4b
of this article, as explained in section 2 of [3] that, the geometry of Fig. 3 of this
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article will naturally transform into that of Fig. 5 of this article, with respect to
‘3-observers’ in the absolute metric spaces, IE? and — IE3*, of our universe and the
negative universe.

!

3-observers

@) (b

Figure 4: Figure 4a naturally transforms into Fig. 4b with respect to 3-observers in
the proper Euclidean 3-space IE; (Figs.1 and 4a of [3])

The geometry of Fig. 5 will emerge automatically in the positive (or our) universe
and the negative universe as the absolute rest mass My of a gravitational field source
is introduced at a point S in the empty flat absolute space I£3 in our universe, which
is being hypothetically considered to be otherwise devoid of gravitational field source.
This happens by virtue of the prefect symmetry of state among the four universes,
established in section 2 of [4].

The empty exterior neighborhood of one external gravitational field source in
our universe and its symmetry-partner in the negative universe, as illustrated in
Fig. 5, shall be considered in order to make this first article on the particularization
to the gravitational field of the two stages of evolutions of metric spacetime and
intrinsic metric spacetime and parameters/intrinsic parameters and the associated
new metric spacetime/intrinsic metric spacetime geometries in the four-world picture
in long-range metric force fields, developed in the previous papers [1-4] and [6-8]
concise, revealing only the essential features, while extension to the neighbourhood
of two and larger number of external gravitational field sources in each universe shall
be considered elsewhere.

2.2 Introducing absolute intrinsic static gravitational flow speed
and absolute static gravitational flow speed

Now the absolute intrinsic rest mass @]\Zfo will establish non-uniform absolute intrinsic
‘static flow’ speed @V, (isolated geometrically in section 2 of [7]), which has its
largest magnitude at point L at the edge of @ My (point S being at the base of @MO),
and decreases continuously to zero magnitude virtually at point O that is far removed
from point S. The absolute intrinsic rest mass @F |22 (= @Mg) in the absolute
intrinsic metric time ‘dimension’ @¢,@t (which has identical absolute inertial and
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Figure 5: The diagram of Fig. 3 of four symmetrical universes in the four-world
picture naturally transforms into flat ‘four-dimensional’ absolute metric spacetimes
and the underlying flat ‘two-dimensional’ absolute intrinsic metric spacetimes of the
positive (or our) universe and the negative universe, with respect to ‘3-observers’ in
the absolute metric spaces in our universe and the negative universe.

absolute gravitational attributes as @My in 1@3), will likewise establish non-uniform
absolute intrinsic ‘static flow’ speed @V, that has its largest magnitude at point
LY at the edge of @E/@¢2 (point S° being at the base of @E/@é2), and decreases
continuously to zero magnitude virtually at point O that is far removed from point
S0, (Recall from discussion in sub-section 3.1 of [3] that, @F/@¢2 in @é,@1 possesses
absolute intrinsic gravitational or absolute intrinsic inertial attributes like absolute
intrinsic rest mass @Mg in @p° in Fig. 3).

The absolute rest mass My (assumed spherical), will establish non-uniform absolute
‘static flow’ speed Vj,, which has maximum magnitude at the surface of M, and
decreases continuously to zero magnitude virtually at point O, along every radial
direction from its centre in IE% in Fig.6. The one-dimensional’ absolute rest mass
E/é (= M) in the absolute metric time ‘dimension’ éf (that possesses absolute
gravitational and absolute inertial attributes like Mg in % in Fig. 6), will likewise
establish non-uniform absolute ‘static flow’ speed Vj, along ¢,t, which has the largest
magnitude at point L% and decreases continuously to zero magnitude virtually at
point O in Fig. 5.

The discussions in the preceding two paragraphs for (M, £/é2) in (IE3, &, ) and
its underlying (QMO,QE/Q 2) in (@p,@¢,@1) in the positive (or our) universe,
obtain for (=M , —E*/é2) in (— IE3* —é,0* ) and its underlying (—@ Mg , —SE* /@é2)
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n (—@p*, —@é,ot*) in the negative universe as well. It is important to note that
the two-world diagram of Fig. 5 has arisen from the four-world diagram of Fig. 3.

Let us for convenience replace the representation of the ‘three-dimensional’ absolute
spaces, I3 and —IEJ?’*, by horizontal plane surfaces in Fig. 5 by lines along the
horizontal. Let us also revert back to the notations, ¥ and —X*, respectively for
Euclidean 3-spaces adopted in [1-4]. That is, let us replace I3 and — IE3* that
appear in Fig. 5 and in the diagrams in [6-§] by S and —3* respectively henceforth.
The assumed spherical absolute rest masses, My and MO, represented by circles
on I3 and —IE?* in Fig. 5, shall be represented by short line segments in ¥ and
—3 respectively. These representations are dummy with no consequence on the
geometry and theory being developed.

Further more, since we are now particularizing to the gravitational field, the
absolute intrinsic ‘static flow’ speed @V;,(@7) at ‘distance’ @7 from the base S of
@My in Fig. 5, shall be re-denoted by &V, »(@7) and referred to as absolute intrinsic
static gravitational flow speed. The absolute ‘static flow’ speed V,(7) at radial
distance 7 from the centre of My shall likewise be re-denoted by f/g(f) and referred
to as absolute static gravitational flow speed.

The absolute intrinsic static gravitational flow speed & v, »(@7) and absolute static
gravitational flow speed v, (), are static like @ Vi and Vy,, in [7,8] which they replace.
This means that @V, (@7‘) is not made manifested in actual absolute intrinsic flow
of the absolute intrinsic metric spacetime dimensions, @p and @¢é,@t, along which
it is established and Vg(f) is not made manifested in actual absolute flow of the
absolute metric 3-space 3 in which it is established and of the absolute metric time
dimension ¢t along which it is established.

As follows from the discussions to this point in this sub-section, Fig. 5 shall
be replaced with Fig. 6, where only absolute intrinsic static gravitational flow
speed Q%(@f*) at an arbitrary ‘distance’ @7 along @p from the base S of @My
in @p and at equal ‘distance’ @7 along @¢,@t from the base SO of @E‘/@ég in
@¢,0t, corresponding to absolute static gravitational flow speed VQ(f) at an arbitrary
absolute radial distance 7 in the absolute 3-space 3 from the centre of My in 3 are
shown.

The line of absolute rest mass Mg of length SL in Fig. 6 is actually a spherical
absolute rest mass (as being assumed) of radius, Ry = SL, and the segment SO
of the line of universal absolute space S is actually a spherical region of absolute
3-space of large radius SO with My at its centre. The ‘one-dimensional’ absolute
intrinsic metric space @p is an isotropic intrinsic metric dimension with respect to
‘3-observers’ in the absolute metric space . It can be considered to lie along any
of the radial directions from the centre of the spherical region of absolute space of
radius SO.

The spherical region of the universal absolute space 3 within the gravitational
field of M, (assuming the gravitational field of M,y can be considered to vanish
outside this sphere), is just a portion of the vast ‘three-dimensional’ flat universal



UNDER PEER REVI EW

. u\l\/g(?) ‘}obserltfers’
" BV, (@1 )4 . My
_¢ A A A
A 0/\ Q)V(¢r) \/ggr) L Zi
—@p*... SLE T A 0 e > A
/\< N Ny A <\/(¢?) Ll:\:”\ ¢p
_Z* STAL \/g(?) . ¢ g I\0
- A
0 YBV,(@r)
“observers*’ Vi(P)y
N T
- E*fci—] HT\/*
sox| :8° A A
g v-otot

Figure 6: The absolute rest masses of symmetry-partner gravitational field sources
on flat absolute metric spacetimes establish non-uniform absolute static gravitational
flow speed in all their finite neighborhoods in absolute metric spacetimes and their
absolute intrinsic rest masses in the underlying absolute intrinsic metric spactimes
establish non-uniform absolute intrinsic static gravitational flow speed in all their
finite neighborhoods in absolute intrinsic metric spacetimes in the positive and
negative universes.

absolute space, which is being assumed to be devoid of the absolute rest mass of any
other gravitational field source at present.

The reference geometry of Fig. 5 or 6 above, in which symmetry-partner absolute
gravitational field sources are present in absolute metric spacetimes and symmetry-
partner absolute intrinsic gravitational field sources are present in absolute intrinsic
metric spacetimes in our universe and negative universe, will endure for no moment
before transforming into the geometry of Fig. 7, at the first stage of evolutions of
spacetimes and intrinsic spacetimes within the symmetry-partner gravitational fields
in our universe and negative universe.

Again the line of rest mass My of length S’/ in Fig. 7 is actually a spherical
rest mass My (as being assumed) of radius Ry (=S'L) and the line of relative
proper metric Euclidean 3-space ¥/ in that figure, is actually a spherical relative
proper metric Euclidean 3-space of large radius S'O with My at its centre. The
one-dimensional relative proper intrinsic metric space @p’ is an isotropic intrinsic
dimension with respect to 3-observers in ¥’ in Fig.7. It can be considered to lie
along any of the radial directions of the spherical ¥’ from the centre of Mj.
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Figure 7: The metric spacetime/intrinsic metric spacetime geometry that evolves
from the reference geometry of Fig.5 at the first stage of evolutions of
spacetimes/intrinsic spacetimes in all finite neighbourhoods of symmetry-partner
gravitational field sources within assumed otherwise empty positive and negative
universes.

The spherical relative proper metric Euclidean 3-space X’ of large radius S'O
evolves around the rest mass My of the gravitational field source at its centre in
Fig. 7, such that the gravitational field of My can be considered to vanish outside
the X/. The region of the universal 3-space outside ¥’ (or outside the gravitational
field of Mj), remains the flat absolute space fl, since this gravitational field source
is the only one in our universe as being assumed.

The segment SO of the straight line universal absolute intrinsic metric space
&p along the horizontal, containing the absolute intrinsic rest mass @My of the
gravitational field source within interval SL of segment SO of Zp in Fig. 6, becomes
curved toward the vertical as a plane curve on the vertical (&p'-@c,@t’)—intrinsic
spacetime hyperplane, by virtue of the non-uniform absolute intrinsic static gravita-
tional flow speed @f/g(gf) established along the segment SO of @ p by @M, in that
figure.

The curved @p in Fig. 7 projects a straight line isotropic absolute proper intrinsic
metric space @p);, that is imperceptibly embedded in the straight line relative proper
intrinsic metric space @p’, which appears automatically along with the projection
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of @ply, along the horizontal. The projective @ply, is made manifested outwardly in
‘one-dimensional’ absolute proper metric space pj, that is imperceptibly embedded
in the relative proper metric Euclidean 3-space ¥/, as the outward manifestation of
@p’, which appears automatically with the projection of @p/; within the gravitational
field in Fig. 7.

The line of absolute intrinsic rest mass @M of the gravitational field source
located at the origin (or base) of the curved segment SO of @p, likewise forms
(or ‘projects’) absolute proper intrinsic mass @M., at the origin (or base) of
the projective absolute proper intrinsic metric space @php, which is imperceptibly
embedded in the relative intrinsic rest rest mass @My of the gravitational field source
that appears automatically with the relative proper intrinsic metric space @p’ along
the horizontal. The @My, is made manifested in ‘one-dimensional’ absolute proper
mass Mygp in plp and it is imperceptibly embedded in the three-dimensional relative
rest mass My of the gravitational field source in relative proper physical Euclidean
3-space X'.

The segment 500 of the straight line universal absolute intrinsic metric time
‘dimension’ @¢,@t along the vertical, containing the line of absolute intrinsic rest
mass @E /@é2 (= @My) of the gravitational field source within interval SOLO at the
origin (or base) of the segment 500 of @é,@t in Fig. 6, becomes curved toward
@p’ along the horizontal, by virtue of the non-uniform absolute intrinsic static
gravitational flow speed @%(@f) established along the segment S°O of @é,@t by
@E /3¢ (= @M,) in Fig.5 or Fig. 6.

The curved @¢é,@t projects a straight line absolute proper intrinsic metric time
dimension @cgq,th, that is imperceptibly embedded in the relative proper intrinsic
metric time dimension @c,@t’, which appears automatically with the projection of
Desap DLy along the vertical within the gravitational field. It is made manifested
outwardly in absolute proper metric time dimension csqts, that is imperceptibly
embedded in the relative proper metric time dimension c4t’, which appears automatically
with the projection of @cg., Tty along the vertical within the gravitational field in
Fig. 7.

The line of absolute intrinsic rest mass @E/@¢ (= @My) of the gravitational
field source at the origin (or base) of the curved segment SO0 of @é,ot, likewise
forms (or ‘projects’) a line of absolute proper intrinsic mass @E},/@c2,, (= @Moap)
that is imperceptibly embedded in the line of relative rest mass E’/c2 (= M),
which appears automatically at the origin (or base) of the relative proper intrinsic
metric time dimension @c,@t’ that appears automatically along the vertical. The
PElLy,/2c2,, (= @Myap) is made manifested outwardly in absolute proper mass

Ely/ cg ab (sib Moap), which is imperceptibly embedded in the line of relative rest mass
E'/c? (= My) at the origin (or base) of the relative proper metric time dimension
cst’ in Fig. 7.

Only the relative proper intrinsic metric spacetimes, (&p’, Jec,@t’) and
(—2p™, —Dc,ot*), and the relative proper metric spacetimes, (X', cst’) and
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(=X, —cst’™), which appear automatically and the relative intrinsic rest masses,
(@My, DE'|@c?) and (—@ My, —@E’™* /@c?), and the relative rest masses, (Mg, E’/c?)
and (—Mg, —E"*/c?), in them shall be shown, as done in Fig. 7 already, while their
embedding pro jective absolute proper intrinsic metric spacetimes, (& pap, FCsapDtap)
and (—p'ap, —FcsapDt'ap), containing ‘projective’ absolute proper intrinsic masses,
(D Moap, @Elp /D2 ,) and (—@ M, —DE'w/2c2,,), and the absolute proper metric
spacetimes, (pgb, Csaptap) and (—plh, —csaptss ), containing ‘projective’ absolute proper
(or classical) masses, (Mo, Eqp/c2,,) and (— Mg, —E'5/c? ), which are imperceptibly
embedded in the relative intrinsic rest masses and relative rest masses, shall be
hidden in the diagrams in this article. On the other hand, (@pgb, @csabﬁtflb) and
(plys Csavlly), are shown along with (@p, @c,0t') and (X', ¢st’) in the one-world
diagram of Fig. 2 of this article in a general long-range metric force field.

The ‘one-dimensional’ absolute intrinsic rest mass @M in the straight line
absolute intrinsic metric space @p along the horizontal and oE /@¢2 in the straight
line absolute intrinsic metric time ‘dimension’ @¢é,@t along the vertical, of the
gravitational field source, in the reference geometry of Fig. 6, are indeed curved
along with @p and @é,@1, at the first stage of evolutions of metric spacetimes and
intrinsic metric spacetimes in the grav1tat10nal field, as illustrated in Fig. 7. However,
the curvatures of @M, within segment SL of the curved @p and the curvature of
@E/@c within segment SOLO of the curved @¢é,@t, shown in Fig. 7, are temporary.
The final forms of the segment SL of the curved @ p containing @My and segment
SOLO of the curved @é,@t containing @ F /@¢2 in Fig. 7, shall be derived elsewhere
when the need for the spacetime and intrinsic spacetime geometry at the interior
of a gravitational field source arises. On the other hand, the segments LO of the
curved @p and and LO0 of the curved @é,0¢ at assumed empty space at the exterior
of a gravitational field source in Fig. 7 are valid.

It is being assumed that the absolute gravitational field source (M, E/é2),
introduced at pomt (5,59 on (2, &) in our universe and its symmetry- partner
(— MO, —E* /&), introduced simultaneously at the symmetry-partner point (S* SO*)
on (— ok , —é,t*) in the negative universe in Fig. 5 or 6, are the only gravitational field
sources in our universe and the negative universe. Consequently only the segment
SO of the curved absolute intrinsic metric space Jp, the straight line relative proper
intrinsic metric space @p’ between points S’ and O along the horizontal, and the
outward manifestation of @p’ namely, the large spherical proper metric Euclidean
3-space Y/, represented by a line segment in Fig. 7, exist within our universe, while
the regions of the flat universal absolute metric spacetime (i, ¢st) underlay by flat
universal absolute intrinsic metric spacetime (@p, éq ot ), outside the gravitational
field of the introduced lone absolute gravitational field source in our universe, remain
unchanged. Likewise for the assumed lone symmetry-partner absolute gravitational
field source (—Mg,—FE*/¢2) introduced simultaneously at the symmetry-partner
point (8%, $%) in (=%, —¢,*) in Fig. 5 or 6 in the negative universe.

The absolute intrinsic static gravitational flow speed @ XA/g(@f) at arbitrary ‘distance’
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@ from the base S of @M, along the straight line absolute intrinsic metric space
Zp in Fig. 6, is now at an arbitrary ‘distance’ @7 from the base S of @M, along
the curved @p in Fig. 7. It invariantly projects absolute proper intrinsic static
gravitational flow speed @V, . (277,) (= @V,(@#)) into the projective straight line
absolute proper intrinsic metric space @p,;, embedded in the relative proper intrinsic
metric space @p’ along the horizontal. The projective @V ,(21y;,) (= oV,(27)) is
consequently established in the relative proper intrinsic metric space @p}, at the
corresponding ‘distance’ @r’ from the base of the relative intrinsic rest mass @M
in @p’, which is made manifested outwardly in absolute proper static gravitational
flow speed V] (1) (= V,(7)) at radial distance ' from the centre of the relative
rest mass My in X/, with respect to 3-observers in X'.

The absolute intrinsic static gravitational flow speed @Vg(gf) at ‘distance’ @7
from the base of S° of @E/@é along the curved absolute intrinsic metric time
‘dimension’ @¢,@t, also invariantly projects absolute proper intrinsic gravitational
flow speed ®Vg’ab(®r;b) into the projective straight line absolute proper intrinsic
metric time dimension @cgq, @t} embedded in the relative proper intrinsic metric
time dimensions @c,@t’. Thus the projective @V, (2ry,) (= @V,(@)) is established
in Fcs@t’, which is made manifested outwardly in absolute proper static gravitational
flow speed Vyap(r",) (= V,(#)) at ‘distance’ ' from the base of E’'/c2 in cst’, with
respect to 1-observers in ¢4t in Fig. 7. The discussions on the first quadrant (or in
the positive universe) in Fig. 7 in the preceding two paragraphs and this paragraph,
equally obtain for the third quadrant (or in the negative universe).

There are the invariance of absolute intrinsic static gravitational flow speed and
absolute static gravitational flow speed in the contexts of the theory of absolute
intrinsic gravity and theory of absolute gravity (A@G/AG) (which are the theories
associated with the geometry of Fig. 7 to be discussed at the end of this article).
The @%(@f') along the curved absolute intrinsic metric spacetime ‘dimensions’, @p
and @¢,0t, are invariantly projected as absolute proper intrinsic gravitational flow
speed @V . (217,) (= @V,(@#)) into the projective straight line absolute proper
intrinsic metric spacetime dimensions, @p’, and Pcsqp@t,,, which are imperceptibly
embedded in the relative proper intrinsic metric spacetime dimensions, @p’ and
eIt respectively that appear automatically in the contexts of AGG in Fig. 7.
These are then made manifested outwardly in absolute proper static gravitational
flow speed V], (r,;) (= V,(#)) along the ‘one-dimensional’ absolute proper metric
space p, and absolute proper metric time ‘dimension’ csgpt,, (the outward manife-
stations of @p/, and @csq,@t), respectively), where p/, and csqpt), are imperceptibly
embedded in the relative proper metric 3-space and time dimension, X/ and c,t’.

The invariance of absolute intrinsic static gravitational flow speed and absolute
static gravitational flow speed have been stated as the invariance of absolute intrinsic
‘static flow’ speed and absolute ‘static flow’ speed by Egs. (79a) and (79b) in [7],
in the context of the absolute intrinsic metric phenomenon and absolute metric
phenomenon that give rise to the geometry of Fig. 11 of that article, reproduced as



UNDER PEER REVI EW

Fig. 2 of this article in the one-world picture. It corresponds to Fig. 7 of this article
in the contexts of AG and A@G in the two-world picture. They shall be re-stated as
the invariance of absolute intrinsic static gravitational flow speed and absolute static
gravitational flow speed in the contexts of the theory of absolute intrinsic gravity
and theory of absolute gravity (JAG/AG) in the geometry of Fig. 7 as

BVy(@rly) = DVy(27) (1a)
and
g/ab(réb) = Vg(?g) (1b)

Equation (1la) states that the absolute proper intrinsic static gravitational flow
speed @V’ ab(@r ») Projected along the relative proper intrinsic metric spacetime
dlmensmns @p’ and @c,ot’, by the absolute intrinsic static gravitational flow
speed @Vg(ﬁff’) along the curved absolute intrinsic metric spacetime ‘dimensions’,
@p and @¢,@1, is the same as the absolute intrinsic static gravitational flow speed
oV, (Qf) Equation (1b) says that the absolute proper gravitational flow speed

gab( ») established in ¥’ and along cst’ in Fig. 7, is the same as the absolute static

gravitational flow speed V(7).

It is crucial to note that the line of relative intrinsic rest mass @My of the
gravitational field source in @p’ is not the source of the non-uniform absolute proper
intrinsic static gravitational flow speed @V, (271,) (= @ V,(27)) along @p’ and that
the assumed spherical relative rest mass Mo of the field source is not the source of
the non-uniform absolute proper static gravitational flow speed V() (= V, (7))
along every radial direction from its centre in X/, with respect to 3-observers in X’
in Fig. 7. Rather the non-uniform absolute proper intrinsic static gravitational flow
speed BV, (D715) (= @V, (@#)) along @y’ are the projections of the non-uniform

absolute intrinsic static gravitational flow speed that @M, at the origin of the curved
Jp establishes along the curved @p and the non-uniform absolute proper static
gravitational flow speed V], (r;,)(= V,(#)) in £’ are the outward manifestations of
the projective non—unlform DV, (@ry) (= oV, (@#)) along @p'.

Likewise the non-uniform absolute proper intrinsic static gravitational flow speed
V! ab(@rab) along the relative proper intrinsic metric time dimension @cs@t’ along
the vertical has not been established by the relative intrinsic rest mass @FE’/@c? in
@cs@t’ and the non-uniform absolute proper static gravitational flow speed V, , (r},) (=
Vg(f)) along the relative proper metric time dimension cst’ has not been established
by the relative rest mass E’/c?(= M) of the gravitational field source in cst’
in Fig.7. Rather the non-uniform @V’ab(grab)(: @Vg(gf)) along @c;at’ is the
invariant projection along the vertical of the non-uniform & Vg(zf’) established along
the curved @ésgf by @E/@¢ (= @My) at the origin of the curved @é,ot and

ban(Top) (= Vg(7)) along cst’ are the outward manifestations of the projective

gvlab(grab) ( V (@f)) along Dot
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It is to be remembered however that QVg(Qf’) along the curved @p and @é,ot
actually projects @V;ab(gr;b) into the projective @p!, along the horizontal and the
projective @cyqp@t), along the vertical. It is because @p/, is embedded in @p’ and
DesapDtyy, is embedded in Ge,@t’ that oV, (277,) appear along @p’ and Se,ot’

in Fig. 7. Having now known that @V, (2#) and oV, ,(@r,,) are absolute intrinsic

static flow speeds and that V,(#) and Viap(Tip) are absolute static flow speeds, the
qualification “static” in absolute intrinsic static gravitational flow speed and absolute
static gravitational flow speed shall be suppressed largely henceforth.

2.3 The second stage of evolutions of spacetime/intrinsic spacetime
and parameters/intrinsic parameters in the gravitational field

The geometry of Fig. 7 evolves from the reference geometry of Fig. 5 or Fig. 6 at the
first stage of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic
parameters in the gravitational field. There is a second stage, which shall be
presented in this section.

As discussed in section 2 of [7], the projective non-uniform absolute proper
intrinsic gravitational flow speed @V, ,(@r,) (= @ V,(2)) along the relative proper
intrinsic metric space @p’ and along the relative proper intrinsic metric time dimension
Fesot' in Fig. 7, cannot give rise to the curvature of these relative proper intrinsic
metric dimensions, or produce any other effect on them. The non-uniform absolute
proper gravitational flow speed Vg’ab(r;b) in the relative proper metric Euclidean
3-space X’ and along the relative proper metric time dimension cgt’, can likewise
produce no detectable effect on the flat relative proper metric spacetime (X', ¢st’).

Thus if the projective static absolute proper intrinsic gravitational flow speed
oV, 5 (@ry) (= @V,(@#)) along the straight line relative proper intrinsic metric
spaces, @p’ and —@p™*, and straight line relative proper intrinsic metric time dimensions,
D@t and —Des @t are all that is possible and, consequently, only their outward
manifestations namely, the non-uniform absolute proper gravitational flow speed

an(Top) (= V,(#)) in the relative proper metric Euclidean 3-spaces, ¥/ and —*,
and along the relative proper metric time dimensions, cst’ and —cst'*, are all that
are possible in Fig. 7, then the geometry of Fig. 7 will endure and evolutions of
spacetimes and intrinsic spacetimes will terminate at the first stage within the
gravitational field.

However the second stage of evolutions of spacetime/intrinsic spacetime and
parameters/intrinsic parameters within the gravitational field is immutable. This is
so because, apart from the non-uniform absolute proper intrinsic gravitational flow
speed GV, (Dry,) (= @Vg(gf)), projected along the straight line relative proper
intrinsic dimensions, @p’, Fec,t', —Fp'* and —Tc,Tt'*, the relative intrinsic rest
mass @My that automatically appears in @p’ along with the automatic appearance
of @y’ (as the absolute proper intrinsic mass @My is ‘projected’ into Fpgp by QMO
in the curved @p), serving as a relative proper intrinsic gravitational field source,
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establishes relative proper intrinsic static gravitational flow speed @V (2r’) along
@p’, whose magnitude is largest at the edge I of @My and decreases continuously
to zero virtually at point O that is far removed from the base S’ of @M in Fig. 7.

The relative intrinsic rest mass @E’/@c2 (= @My) in @@t also establishes non-
uniform relative proper intrinsic gravitational flow speed @V, (@7r’) along @c;@t',
whose magnitude is largest at the edge [ of @E’/@c? and decreases continuously to
zero virtually at point O. The intrinsic rest mass — M in —@p™* likewise establishes
non-uniform relative proper intrinsic static gravitational flow speed @V, (27r') along
~@p™* and —@E™ /@c? in —@c,Tt"* establishes non-uniform relative proper intrinsic
static gravitational flow speed @V (@7') along —@c;@t" in Fig. 7.

Quite apart from the non-uniform absolute proper static gravitational flow speed

an(Tap) (= V,(7)) in &’ and along ¢,t' in Fig. 7, the rest mass My in X/, as a relative
gravitational field source, establishes non-uniform relative proper static gravitational
flow speed V(1) along every radial direction from its centre in X’ and the rest mass
E'/c2 (= Mp) in cst’, establishes non-uniform relative proper static gravitational
flow speed V;(r') along c,t'. Likewise —Mg in =X’ and —E"/cZ in —cyt’* in the
third quadrant in Fig. 7.

The relative proper intrinsic gravitational flow speed @Vy(@r’) has not been
shown along with the absolute proper intrinsic gravitational flow speed @V, (277,;)
along the relative proper intrinsic metric spacetime dimensions, @p’, @c,@t’', —2p’™*,
—@c,at™, and Vy(r') has not been shown along with Vyu(rl,) in ¥/, =3 and
along cst’ and —cst™ in Fig. 7, in order to artificially freeze the evolutions of metric
spacetimes and intrinsic metric spacetimes to the first stage that has the geometry
of Fig.7. However they actually exist and cause the second stage of evolutions
of metric spacetimes and intrinsic metric spacetimes in the gravitational field as
described below.

The non-uniform relative proper intrinsic static gravitational flow speed @V, (27')
established along the relative proper intrinsic metric spacetime dimensions, @p’, @c,ot’,
—@p"* and —@cat’*, by the relative proper intrinsic rest mass of the gravitational
field sources, @My, SE'/@c2, —@ M and —SE"* /@c?, respectively, in these relative
proper intrinsic metric spacetime dimensions, as described above, being relative
intrinsic gravitational flow speed (i.e. with magnitude that varies along the lengths of
@p’ and @, @t'), will cause the relative proper intrinsic metric spacetime dimensions,
@p' and @cs@t', to be simultaneously curved anticlockwise into the first quadrant
and second quadrant respectively to form pseudo-orthogonal curvilinear intrinsic
metric spacetime dimensions. This is so, because @p’ and Fc; @t are simultaneously
relative intrinsic dimensions at equal footing with respect to 3-observers in X/, in the
context of the intrinsic theory of relativity in intrinsic metric spacetime associated
with the presence of non-uniform relative proper intrinsic gravitational flow speed
oV, (2r') along @p’ and Te;ot'.

The curved @p’ in the first quadrant will then project a straight line isotropic
relativistic intrinsic metric space @p along the horizontal, which will be made
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manifested in a spherical region of relativistic metric Euclidean 3-space X in the
first quadrant. The curved @c,@t in the second quadrant will likewise project
straight line relativistic intrinsic metric time dimension @c;@t along the vertical,
which will be made manifested outwardly in the relativistic metric time dimension
cst along the vertical in the first quadrant.

As discussed in the process of transforming Fig. 11 of [7], reproduced as Fig. 2
of this article, into Fig. 5 of [8] (reproduced as Fig. 16 on page 44 of this article),
Fig. 7 above at the first stage of evolutions of spacetime/intrinsic spacetime and
parameters/intrinsic parameters in the gravitational field, will endure for no moment
before transforming into Fig. 8 at the second stage in the gravitational field. Figure
5 of [8], drawn within an attractive long-range metric force field in general, has
simply been adapted to the gravitational field as Fig. 8 of this article. Consequently
the symmetry-partner gravitational field sources in the metric spacetimes and the
underlying symmetry-partner intrinsic gravitational field sources in the intrinsic
metric spacetimes in the positive (or our) universe and the negative universe, have
been integrated into the diagram in Fig. 8. The non-uniform relative proper intrinsic
static flow speed and relative proper static flow speed, denoted by @Vél’ p and
Vi ps in Fig. 5 of [8] (reproduced as Fig. 16 on page 44 of this article), have also
been re-denoted by @V, (@r’) and V/(r’) and referred to as relative proper intrinsic
gravitational flow speeds and relative proper gravitational flow speed in Fig. 8, as
the appropriate names in the present case of metric gravitational field.

The gravitational-relativistic mass M represented by a line segment of length SL
in Fig. 8 is actually a spherical gravitational-relativistic mass M (as being assumed),
of radius, R = SL, and the relativistic metric Euclidean 3-space ¥ represented by
a line of length SO, is actually a spherical relativistic metric Euclidean 3-space of
large radius SO with M at its centre. The relativistic intrinsic metric space @p is
an isotropic intrinsic metric dimension with respect to 3-observers in the relativistic
Euclidean 3-space . It can be considered to lie along any of the radial direction
from the center of M in 3, with respect to 3-observers in .

As illustrated in Fig. 8, the relative proper intrinsic static gravitational flow speed
@VQ’(QT’ ) along the curved relative proper intrinsic metric space @p’ is projected
invariantly as non-uniform relative proper intrinsic static gravitational flow speed
@V, (2r') along the projective straight line relativistic intrinsic metric space @p
along the horizontal, which is made manifested in non-uniform relative proper
gravitational velocities f@’(r’ ) along every radial direction from the centre of the
relativistic mass M of the gravitational field source in . The non-uniform relative
proper intrinsic gravitational flow speed @V, (@7r') along the curved relative proper
intrinsic metric time dimension @c,@t’, is likewise invariantly projected as non-
uniform relative proper intrinsic gravitational flow speed along the projective relativistic

The term ‘relativistic’ in the gravitational field (in the absence of SR) in this article is
‘gravitational-relativistic’ in the context of the theory of relativity associated with the presence
of gravitational field in spacetime, to be identified shortly in this article.
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Figure 8: The global metric spacetime/intrinsic metric spacetime geometry of
combined first and second stages of evolutions of spacetime/intrinsic spacetime and
parameters/intrinsic parameters within the identical gravitational fields of a pair of
symmetry-partner sources in the positive and negative universes, with respect to
3-observers in the Euclidean 3-spaces in the two universes, which evolves upon the
geometry of Fig. 7 at the first stage.

intrinsic metric time dimension @c;t along the vertical, which is made manifested
in non-uniform relative proper gravitational flow speed Vg’(r’ ) along the relativistic
metric time dimension ct.

The foregoing paragraph describes the graphical representation of the invariance
of relative intrinsic gravitational flow speed and relative gravitational flow speed
in the context of the theory of relative intrinsic gravity and theory of relativive
gravity that transform Fig. 7 into Fig. 8, at the second stage of evolutions of
spacetime/intrinsic spacetime and parameters/intrinsic parameters in the gravitational
field, expressed as follows

oV, (or) = oV, (or') (2a)
and
Vy(r) = Vy(r') (2b)
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Equation (2a) states that the non-uniform gravitational-relativistic intrinsic static
gravitational flow speed @V, (@) that is expected to be projected into the relativistic
intrinsic metric space @p by the non-uniform relative proper intrinsic static gravita-
tional flow speed @V (2r’) along the curved relative proper intrinsic metric space
@p’, are the same as the non-uniform relative proper intrinsic gravitational flow
speed along the curved @p’, and Eq. (2b) states that the non-uniform gravitational-
relativistic gravitational flow speed Vj(r) that is expected to be established along
every radial direction from the centre of the relativistic mass M of the gravitational
field source in the relativistic metric Euclidean 3-space X in Fig. 8, is non-uniform
relative proper static gravitational flow speed Vg/(r/ ). Formal explanations of the
invariance (2a) and (2b) along with those of Egs. (1la) and (1b) shall be given
elsewhere.

The geometry of Fig. 8 will endure for as long as the ‘projective’ relativistic
intrinsic mass @M does not establish a new non-uniform relativistic intrinsic gravita-
tional flow speed @V,(@r) # @V,(@r') along the relativistic intrinsic space @p,
which could cause the curvature of @p, and as long as the ‘projective’ relativistic
intrinsic mass @F/@c2 (= @M) does not establish a new non-uniform relativistic
intrinsic gravitational flow speed @V, (@r) # @V, (27r') along the relativistic intrinsic
time dimension @c;@t along the vertical, which could cause the curvature of @c,2t.

Now the gravitational-relativistic mass M in the gravitational-relativistic Euclidean
3-space X shall be identified as the inertial mass and passive gravitational mass,
which is non-trivially related to the rest mass My according to a relation that
shall be established elsewhere. The relativistic mass (i.e. the inertial mass or
passive gravitational mass) is not a gravitational field source; the active gravitational
mass, denoted by Mjg in the present theory, being the source of the Newtonian
gravitational field [11,12]. Consequently M is not a source of gravitational flow
speed. This means that M cannot establish a new non-uniform relativistic gravitational
flow velocity T_/;,(r) =+ ‘_/;]’ (r") radially from its centre in ¥ and, consequently, &M
cannot establish a new non-uniform relativistic static intrinsic gravitational flow
speed @V, (@r) # @V, (@r’) along the relativistic intrinsic space @p. The relativistic
mass F/c2 (= M) in the relativistic time dimension cst cannot establish a new non-
uniform relativistic gravitational flow speed Vy(r) # V;(r') along c,t and GE/@c?
cannot establish non-uniform relativistic static intrinsic gravitational flow speed
DVy(or) # oV, (@r') along T2t

The non-existence of non-uniform relativistic intrinsic gravitational flow speed
aVy(@r) # @V, (@r') along the relativistic intrinsic metric spacetime dimensions,
Ip, Des@t, —Tp* and —Dc@t*, either by projections from the curved relative
proper intrinsic metric spacetime dimensions, @p’, Fcs@t', —Fp™* and —Dc,Ft'™*, or
by establishments by @M, OF/@c?, —aM*, —@E*/@c? respectively as sources, as
discussed in the preceding paragraph, implies that the relativistic intrinsic metric
spaces, @p and —Jp*, and relativistic intrinsic metric time dimensions, Jc,It
and —Qc;@t*, in Fig. 8 cannot be curved. This makes the geometry of Fig. 8
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Figure 9: The complementary geometry to the global geometry of Fig. 8 is valid
with respect to 1-observers in the relativistic metric time dimensions in the positive
and negative universes.

to endure for as long as the symmetry-partner gravitational field sources in the
positive and negative universes exist. A consequence of this is that the evolutions of
spacetime/intrinisic spacetime and parameters/intrinsic parameters in the gravitational
field terminates at the second stage naturally. This immutable fact shall become
solidly established upon this initial introduction to it elsewhere.

The geometry of Fig. 8 is valid with respect to 3-observers in the relativistic
Euclidean 3-spaces, ¥ and —X*, in the positive and negative universes as indicated.
It corresponds to Fig. 5 of [8] (reproduced as Fig.16 on page 44 of this article).
There is a complimentary diagram to Fig. 8 of this article, which corresponds to
Fig. 7 of [8] (reproduced as Fig. 17 on page 44 of this article). It is depicted in Fig. 9
of this article. Figure 9 is valid with respect to 1-observers in the relativistic time
dimensions, cst and —c,t*, as indicated. While Fig. 8 has evolved from Fig. 7 with
respect to 3-observers in ¥/ and —X'*) Fig. 9 has evolved from Fig. 7 with respect to
1-observers in cgt’ and —cgt'*.

The global metric spacetime/intrinsic metric spacetime diagram of Fig. 8 and
its complimentary diagram of Fig. 9, evolve at the second stage of evolutions of
spacetime/intrinsic spacetime in the gravitational field. The remarkable feature of
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the diagrams, as discussed for Figs. 5 and 7 of [8] (reproduced as Fig. 16 and Fig. 17
on page 44 of this article), in a long-range metric force field in general is that, the
four-dimensional relativistic metric spacetime (X, cst) in which the observers are
located and its underlying two-dimensional relativistic intrinsic metric spacetime
(@p, DesDt), are everywhere flat in an arbitrary gravitational field. This fact has
been solidly established by demonstrating local Lorentz invariance in a long-range
metric force field in general in [8]. Gravitational local Lorentz invariance (GLLI)
shall be established within a gravitational field of arbitrary strength shortly in this
article.

Although the extended two-dimensional relative proper intrinsic metric spacetimes,
(op', @esot’) and (—@p™, —Dc,@t™*), are curved in the gravitational field in Figs. 8
and 9, they possess pseudo-orthogonal curvilinear intrinsic metric dimensions. This
means that they possess the Lorentzian metric tensor at every point of them with
respect to 3-observers in the relativistic metric Euclidean metric 3-spaces, ¥ and
—>*, and 1-observers in the relativistic metric time dimensions, cst and —cst*, as
has been demonstrated in long-range metric force fields in general in [8].

The only curved spacetime with a Riemannian metric tensor, so to speak, in
Figs. 8 and 9, at the second stage of evolutions of spacetime/intrinsic spacetime
in the gravitational field in our universe, is the ‘two-dimensional’ absolute intrinsic
metric spacetime (@p , @é,t) with absolute intrinsic sub-Riemannian metric tensor
D G;r., with respect to 3-observers in the relativistic metric Euclidean 3-space ¥ in
the positive (or our) universe (Fig.8) and 1-observers in the relativistic metric time
dimension ¢4t (Fig.9), as has been established within long-range metric force fields
in general in [8]. The curved (@), @¢,@t) in Figs. 8 and 9, at the second stage of
evolutions of spacetime/intrinsic spacetime and parameters/intrinsic parameters in
the gravitational field, has been brought forward from the geometry of Fig. 7 at the
first stage.

For completeness and in order to be able to derive the inverse intrinsic gravitational
local Lorentz transformation (inverse @GLLT) and inverse gravitational local Lorentz
transformation (inverse GLLT), the inverses of the global diagrams of Figs. 8 and 9
must also drawn as Fig. 10 and Fig. 11 respectively. The explanations of how Figs. 10
and 11 of this article are the inverses of Figs. 8 and 9 of this article respectively, with
respect to the indicated observers, are the same as the explanations of how Figs. 8
and 9 of [8] (reproduced as Fig. 18 and Fig. 19 on page 45 of this article) are the
inverses of Figs.5 and 7 of [8] (reproduced as Fig. 16 and Fig. 17 on page 44 of this
article), in a long-range metric force field in general, done in [8].

The next step in this article is to adapt the new results derived in section 2
of [8] from the local spacetime/intrinsic spacetime geometries of that article, at the
second stage of evolution of metric spacetime/intrinsic metric spacetime in a long-

Local Lorentz invariance in a long-range metric force field is associated with the theory of
relativity within the field due to the non-uniform ‘static flow’ speed V,,, established within the field
by the source.
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Figure 10: The inverse of the global metric spacetime/intrinsic metric

spacetime geometry of Fig. 8 of combined first and second stages of evolutions
of spacetimes/intrinsic spactimes and parameters/intrinsic parameters within
symmetry-partner gravitational fields in our universe and negative universe is valid
with respect to 1-observers in the relativistic metric time dimensions cst and — cgt*
in the two universes.

range metric force field in general, to the gravitational field. This is the subject ot
the next section.

3 The theory of gravitational relativity and theory of
intrinsic gravitational relativity associated with the
presence of gravitational field and intrinsic gravita-
tional field at the second stage of evolutions of space-
time/intrinsic spacetime and parameters/intrinsic
parameters in the gravitational field

As stated above, the programme of this section is to adapt the results of section 2
of [8] in a long-range metric force field in general to the gravitational field. Those
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Figure 11: The inverse of the global metric spacetime/intrinsic metric

spacetime geometry of Fig. 9 of combined first and second stages of evolutions
of spacetimes/intrinsic spactimes and parameters/intrinsic parameters within
symmetry-partner gravitational fields in the positive and negative universe is valid
with respect to 3-observers in the relativistic Euclidean 3-spaces in the two universes.

results are the intrinsic local Lorentz transformation (@LLT) in terms of relative
proper intrinsic ‘static flow’ speed @V}, ; local Lorentz transformation (LLT) in terms
of relative proper ‘static flow’” speed V,; intrinsic local Lorentz invariance (@LLI)
and local Lorentz invariance (LLI) implied by @LLT and LLT respectively; intrinsic
metric time dilation and intrinsic metric length contraction formulae in terms of
relative proper intrinsic ‘static flow’ speed @V, and metric time dilation and metric
length contraction formulae in terms of relative proper ‘static flow’ speed V..

The relative proper intrinsic ‘static flow’ speed @ Vrln, p and relative proper ‘static
flow’ speed V! ,, that appear in those results must simply be replaced by the relative
proper intrinsic static gravitational flow speed @Vé(@r’ ) and relative proper static
gravitational flow speed V;(r’) respectively, where @V (@r’) must be related to the
relative proper intrinsic gravitational parameters and V;(r’) must be related to the
relative proper gravitational parameters of the source of the external gravitational
field.

It thus follows that the place to start this section from is the derivation of
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expressions for @V (@r') and V(r') that will appear in the theory of relativity and
theory of intrinsic relativity associated with the presence of relative gravitational
field in spacetime and relative intrinsic gravitational field in intrinsic spacetime, as
well as absolute intrinsic static gravitational flow speed @%(@f’) that will appear
in the absolute intrinsic metric tensor @g;;, absolute intrinsic Ricci tensor @Rij
and absolute intrinsic line element of the metric theory of absolute intrinsic gravity
(M@AG) on the curved ‘two-dimensional’ absolute intrinsic metric spacetime
(@p, oéot ), with respect to 3-observers in the relativistic metric Euclidean 3-space
3 in Fig. 8.

3.1 Relating static gravitational flow speed and intrinsic static grav-
itational flow speed to gravitational parameters and intrinsic
gravitational parameters

Figure 7 that is valid partially with respect to 3-observers in the X’ and —X’* and
partially with respect to 1-observers in cst’ and —cgt™, is a valid geometry at the
first stage of evolutions of spacetime/intrinsic spacetime and parameters/intrinsic
parameters in the gravitational field. It does not exist however, because there was
no time for it to be formed, since the second stage of evolutions commences at the
same moment that the geometry of Fig. 7 at the first stage begins to evolve, as shall
be shown in the second part ov this article. It thereby yields the geometry of Figs. 8
of combined first and second stages of evolutions of spacetime/intrinsic spacetime
and and parameters/intrinsic parameters in the gravitational field, as the geometry
that exists with respect to 3-observers in the relativistic metric Euclidean 3-spaces,
> and —X¥*, and Fig. 9 as the geometry that exists with respect to 1-observers in
the relativistic metric time dimensions, cst and —cst*, in a gravitational field of
arbitrary strength.

Now let the ‘one-dimensional’ absolute intrinsic rest mass @mg of a test particle
be in absolute intrinsic gravitational fall (at increasing absolute intrinsic dynamical
speed @ Vd) along the curved absolute intrinsic space @p, toward the absolute intrinsic
rest mass @My of the gravitational field source at the origin of the curved @5 in
the first quadrant (or our universe) in Fig. 8. In perfect symmetry, the symmetry-
partner test particle of negative absolute intrinsic rest mass —@rmy is in absolute
intrinsic gravitational fall (at identical increasing absolute intrinsic dynamical speed
@Vd), along the curved absolute intrinsic space —@p*, toward the negative absolute
intrinsic rest mass —@MS‘ of the symmetry-partner gravitational field source at the
origin of the curved —@p* in the third quadrant (or the negative universe) in Fig. 8.

Let the absolute intrinsic rest mass @mo of the test particle in our universe
possess absolute intrinsic dynamical speed QVd upon falhng along the curved @p to
a position P of ‘distance’ @7 from the base S of @My at the origin of the curved
@p. It will acquire the absolute intrinsic static gravitational flow speed @V;,(Qr)
at position P, of the non-uniform absolute intrinsic static gravitational flow speed
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established along the curved @p by @My. Thus the absolute intrinsic rest mass
@ of the test particle will possess absolute intrinsic dynamical speed &V, and
absolute intrinsic static gravitational flow speed @%(@f) it acquires at position P,
upon falling to this position along the curved @p.

On the other hand, the curved relative proper intrinsic metric space @p’ possesses
relative proper intrinsic static gravitational flow speed @ Vg’(gr’) at the corresponding
point P’ along @p’, which the relative intrinsic rest mass @My of the gravitational
field source at the origin of the curved @p’ establishes along @p’, as well as absolute
proper intrinsic static gravitational flow speed @V, ,(21y;,) (= @V, (@#)) invariantly

projected into the curved @p’ by @Vg(gf) at point P along the curved @p. Recall
that the absolute proper intrinsic metric space @p, into which @VQ’ab(Qréb) is
projected is embedded in the straight line @p’ in Fig. 7 and the curved @p’ in Fig. 8.
The relative intrinsic rest mass @mg of the test particle in absolute intrinsic fall at
absolute proper intrinsic dynamical speed @V, through point P’ on the curved @p’,
therefore acquires relative proper intrinsic static gravitational flow speed @VQ’(QT’ )

and absolute proper intrinsic static gravitational flow speed @V, ,(@17,) (= @ IA/g(@f)),

in addition to its absolute proper intrinsic dynamical speed @V} , (= @Vd).

Now the curved two-dimensional relative proper intrinsic metric spacetime
(@p', Des@t’) with pseudo-orthogonal curvilinear intrinsic dimensions, @p’ and @es @t
possesses the Lorentzian metric tensor at every point with respect to the 3-observers
in 3. Consequently the 3-observers in ¥ will formulate the theory of combined
intrinsic gravity and intrinsic motion with the relative proper intrinsic static gravita-
tional flow speed @V(@7’) and its absolute proper intrinsic dynamical speed @V,
along the curved @p’ and write the proper intrinsic total energy of the intrinsic rest
mass of the test particle as

oU’ = %QmOQVd’Zb - %@mozvg’(@r’ﬁ : (3)
The fact that the proper intrinsic static gravitational flow speed @V (2r’) is an
absolute intrinsic speed in the context of intrinsic dynamical relativity (since it is
the same relative to all observers), makes the combination of absolute proper intrinsic
kinetic energy and relative proper intrinsic gravitational energy possible in Eq. (3).

On the other hand, Eq. (3) takes on the Newtonian form in terms of the relative
proper (or classical) intrinsic gravitational potential function as

GaMy@myg

1
aU' = ~@meaV,3?, —
2 0% ¥ dab ar!

(4a)
Equation (4a) is correct numerically, but the intrinsic rest mass @M of the gravitational
field source, as source of the intrinsic Newtonian gravitational field in that equation,
must be replaced by the intrinsic active gravitational mass of the field source, to
be denoted by @Mya. The fact that the active gravitational mass is the source of
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the Newtonian gravitational potential and field is known [12-14]. This fact shall be
abundantly justified elsewhere in the present theory.

It is also known that the rest mass and the active gravitational mass are equivalent,
which means that My and Mya have equal magnitude but are distinct masses [12].
The fact that the active gravitational mass My is an immaterial entity with the
same shape and size and equal magnitude as the rest mass My and that Mygy is
imperceptibly contained in My, shall also be fully justified elsewhere in the present
theory. Thus the immaterial Myy that imperceptibly wholly occupies My is the
source of the massless gravitational potential and field, which appear to originate
from Mj in X', in the present theory.

Equation (4a) must be replaced with the following equivalent form

G2 Moya@mg

1
! 12
DU" = —Bmo2Vio, — i~

; (4b)

Equation (4b) along the curved relative proper intrinsic metric space @p’ is valid for
all magnitudes of the classical intrinsic gravitational potential and absolute proper
intrinsic dynamical speed, with respect to the intrinsic 1-observers on the curved @p’
at the location of the intrinsic rest mass @mg of the test particle and 3-observers at
any position in X.

A comparison of Egs. (4b) and (3) yields the following expressions for relative
proper intrinsic gravitational flow speed,

oV)(or')? = 2G@Ma/or ; (5a)
oV,(or') = —\/2G@Moa/2r" . (5b)

The negative root of 2G@Moa/@r" is chosen in the definition of &V (2r’), because
of the attractive nature of the intrinsic gravitational field @¢’ and the fact that g’
and @V, (2r') are collinear and co-directional. This fact shall be fully entrenched
with further development elsewhere.

The relative proper intrinsic gravitational potential is dependent on the relative
proper intrinsic static gravitational flow speed as

G Mpa
or

1 2
o' (or') = —5@1/‘9’(@#) = (6)
Also because of the local Lorentzian metric tensor on the curved (@p’, @c;&t’) with
respect to 3-observers in 3, the relative proper intrinsic gravitational acceleration
(or relative proper intrinsic gravitational field) at the point P along the curved &p’,
is given from definition like in Euclidean geometry, with respect to the 3-observer

in ¥ as
_ldeVy(er)? ded(er)  GoMp 7

2 dor! dor! o2

@y (or')
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Removing the symbol @ from Egs. (5a-b) — Eq.(7) gives the expressions for
relative proper gravitational flow speed (or velocity), relative proper gravitational
potential and relative proper gravitational acceleration respectively as

2G M
2 0a
V;(TI) - r! ’ (83)
- 2G Mg 7'
Vgl(r/) - - - ) (Sb)
() = =5V = - (9)

and AV (2 o .,
g_f/(rl)zl g(T) :_d(I)(T):_GMOaT .

2 dr dr’ r’3

The ‘é’(r’ ) and ¢’(r’) are collinear and parallel vectors from Egs. (8b) and (10).

In order to derive expressions for the absolute intrinsic gravitational flow speed
@V,(@#), absolute intrinsic gravitational potential @®(@#) and absolute intrinsic
gravitational acceleration (or field) @g(@7), along the curved absolute intrinsic
metric space @p, which correspond to Egs. (5b), (6) and (7) for the respective relative
proper intrinsic parameters along the curved relative proper intrinsic metric space
@p’, we shall employ the natural covariance of absolute intrinsic natural laws on the
curved absolute intrinsic metric spacetime (@p, @é;@t), with respect to 3-observers
in ¥’ in Fig. 7 and 3-observers in ¥ in Fig.8. The covariance of absolute intrinsic
natural laws implies that the absolute intrinsic natural laws remain the same at every
point on the curved (@p, @¢,@t) with respect to the 3-observers in ¥, including at
the point O at ‘infinity’ where the curved (@p, @¢,@1) is flat.

The natural covariance of absolute intrinsic natural laws on the curved (@, @¢,@t)
with respect to all 3-observers in % in Fig. 8 follows from the invariance of absolute
intrinsic spacetime coordinate interval projections, d@p, = d@p and dot!, = dot
and of all absolute intrinsic parameters ¢ in physics as, @¢,, = @q, at every point
of the curved (@p, @é, ot ) and its invariantly projected flat absolute proper intrinsic
metric spacetime (& p;b, @csabgt;b), with respect to 3-observers in .. The invariance,
dapl, = d@p and GceqdDt,, = @¢,d@t, have been introduced and applied to
establish absolute intrinsic local Lorentz invariance (A@LLI) on the curved absolute
intrinsic metric spacetime (@p, @é,@t ), which also possesses absolute intrinsic sub-
Riemannian metric tensor @g;;, with respect to 3-observers in ¥ in [7].

The invariance, d@p), = d@p and DcsqdDt,, = @é,dot, at every point of
the curved (@p, @¢,@t) with respect to 3-observers in 3, implies that local absolute
intrinsic coordinate at every point of the curved (@p, @é;@t ) is the same as the local
‘coordinate’ (@+,@¢,@1) of any given point on the curved (@p, @¢,@1 ), including
points at infinity where (@p, @ésgf) is flat, with respect to 3-observers in X. This,
along with the invariance, @q,, = @g, of all absolute intrinsic parameters @¢ in

(10)
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physics, guarantees the covariance of all absolute intrinsic natural laws on the curved
(@p, Dés@t), with respect to 3-observers in the relativistic Euclidean 3-space ¥. A
more formal proof of covariance of all absolute intrinsic natural laws on the curved
(@p, @és@t), with respect to 3-observers in ¥ shall be supported quantitatively by
derivation elsewhere.

An absolute intrinsic natural law formulated at an arbitrary point P on the
curved @p will remain the same at the point O at infinity where (@p, @é,t) is flat,
according to the natural covariance of absolute intrinsic natural laws on the curved
(@p, Dés@t) with respect to 3-observers in ¥ in Fig.7. It follows from this that
the absolute intrinsic natural laws take on their absolute intrinsic Newtonian forms
on flat (@p, @¢,@t) at every point on the curved (@p, @é;@t), with respect to all
3-observers in ¥ in the gravitational field in Fig. 8.

As follows from the preceding paragraph, the absolute intrinsic total energy
@U of the absolute intrinsic rest mass @7y of the test particle at the position
P of ‘distance’ @7 from the base of the absolute intrinsic rest mass @M, of the
gravitational field source along the curved @p in Fig.8, is given in terms of the
absolute intrinsic speeds @V, and @ %(@f) in the following absolute intrinsic Newtonian
form

~ 1 . 1 .
oU = §®m0®Vd2 - 5@%@1@(@%)2 : (11)
This is the same as the following absolute intrinsic Newtonian expression for absolute
intrinsic total energy

N G@Moagmo

~ 1 9
oU = —amyD - 12
U 9 mo Vd o7 ( )

The expression for the absolute intrinsic static gravitational flow speed @VQ(Qf)
that follows from Egs. (11) and (12) is the following

oV, (27)? = 2G@Moa/D7 ; (13a)

oV,(of) = —\/2G@NMea/o7 . (13Db)

The dependence of the absolute intrinsic gravitational potential and absolute
intrinsic gravitational acceleration on the absolute intrinsic gravitational flow speed,
obtained by writing Eqgs. (6) and (7) in terms of absolute intrinsic gravitational
parameters are the following

1
od(o7) = —izvg(zf)Q = : (14)
and

_1deVy(ei)? ded(er)  GoMea
2 dor der or2

(15)
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The absolute intrinsic static gravitational flow speed @Vg(gf) is taken to be the
negative root of 2G@My /@7 in Eq. (13b), because of the attractive nature of the
gravitational field.

Removing the symbol @ from Egs. (13a-b) — Eq.(15), gives expressions for
absolute gravitational flow speed, absolute gravitational potential and absolute gravi-
tational acceleration respectively as

Vo(F)? = 2GMoa /7 ; (16a)
Vy(7) = —\/2GMoa/? ; (16b)
. 1. . G M,
B(F) = —5Vyl)? = — 7= (17)
o 1dV(R)? d (7 GM,
907) =5 52) - d?i):_ =l (18)

3.2 Deriving intrinsic gravitational local Lorentz transformation
and gravitational local Lorentz transformation and establishing
intrinsic gravitational local Lorentz invariance and gravitational
local Lorentz invariance in the gravitational field

The intrinsic local Lorentz transformation and its inverse in terms of relative proper
intrinsic ‘static flow’ speed @V, | as well as intrinsic local Lorentz invariance, intrinsic
metric time dilation and intrinsic metric length contraction formulae they imply,
derived with the aid of the local metric spacetime/intrinsic metric spacetime diagrams
of Figs. 10 and 11 and their inverses, Figs. 12 and 13 of [8], within arbitrary long-
range metric force field, in sub-section 2.2 of [8] and the outward manifestations of
those results namely, local Lorentz transformation and its inverse in terms of relative
proper ‘static flow’ speed V! | as well as local Lorentz invariance, metric time dilation
and metric length contraction formulae they imply, on the flat four-dimensional
relativistic metric spacetime, in a long-range metric force field, shall be adapted
to the gravitational field in this sub-section. The local metric spacetime/intrinsic
metric spacetime diagrams in general long-range metric force field in sub-section 2.2
of [8] shall not be reproduced in this article to conserve space.

The counterparts in the gravitational field of the local metric spacetime/intrinsic
metric spacetime geometries of Fig. 10 — Fig. 13 of [8] in long-range metric force fields
in general, drawn from the global diagrams of Figs. 5 and 7 and their inverses, Figs. 8
and 9 of [8], (reproduced as Figs. 16 and 17 and Figs. 18 and 19 on pages 44 and 45
of this article), must be drawn from the global diagrams of Fig. 8 — Fig. 11 of this
article in the gravitational field. This will be an easy task, since the counterpart
local geometries to be derived from Figs. 8 — Fig. 11 of this article are exactly the
same as Fig. 10 — Fig 13 of [8], except that the relative proper intrinsic static ‘flow
speed’ @V,),, which appears in those diagrams in [8] in long-range metric force fields
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in general, must be replaced by relative proper intrinsic static gravitational flow
speed @V (27r') in the gravitational field.

For completeness of this article, the counterpart in the gravitational field of
Fig. 10 of [8] in long-range metric force fields in general is presented as Fig. 12 of
this article.

VO g ovor)

@edat

el ing((z’r') Bl ¢Vg’(¢ ')
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Figure 12: Local metric spacetime/intrinsic metric spacetime diagram derived from
the global diagram of Fig. 8 is valid respect to 3-observers in the relativistic Fuclidean
3-spaces in the positive and negative universes.

The local geometry of Fig. 12 derived from the global geometry of Fig. 8 of this
article, by following the explanation of the derivation of the local diagram of Fig. 10
from the global diagram Fig.5 of [8], in sub-section 2.2 of that article, is valid with
respect to 3-observers in the relativistic FEuclidean 3-spaces, ¥ and —*, as is the
case with Fig. 8. This is so because, the anti-clockwise rotation by a positive relative
intrinsic angle @, (27r’) of the relative proper intrinsic metric spacetime intervals,
dop’ and Tegdat’, relative to their projective relativistic intrinsic metric spacetime
intervals, d@p and @c,dDt, in Fig. 12 is valid with respect to these 3-observers. The
partial intrinsic metric spacetime interval transformation that can be derived with
respect to 3-observers in ¥ in the first quadrant in Fig. 12, which follows from the
derivation of Eq. (5) from Fig. 10 in [8], is the following

dop = dopsec D (Dr") — De,dot tan @epg(2r') ;
(w.r.t. 3 —observers in X) . (19)

The counterpart in the gravitational field of Fig. 11 of [8], in a long-range metric
force field in general, is depicted as Fig. 13 of this article. The local diagram of
Fig. 13, drawn from the global diagram of Fig. 9, by following the explanation of the
derivation of Fig. 11 from Fig. 7 of [8], in sub-section 2.2 of that article, is valid with
respect to 1-observers in the relativistic metric time dimensions, cst and —cgt*, as is
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the case with Fig. 9. This is so, because the clockwise rotation by a positive relative
intrinsic angle @1, (@r’) of the relative proper intrinsic metric spacetime intervals,
dop’ and Tegdat’, relative to their projective relativistic intrinsic metric spacetime
intervals, d@p and Tc,dot, in Fig. 13 is valid with respect to these 1-observers in
cst and —egt*.

It
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Figure 13: Local metric spacetime/intrinsic metric spacetime diagram derived from
the global diagram of Fig. 9 is valid with respect to 1-observers in the relativistic
metric time dimensions in the positive and negative universes; the complementary
diagram to Fig. 12.

The partial intrinsic metric spacetime interval transformation that can be derived
with respect to 1-observers in cst in the first quadrant from Fig. 13, which follows
from the derivation of Eq. (6) from Fig. 11 in [8], is the following

Gesdot! = e dDtsec Dy (D) — doptan @y (D1) ;
(w.r.t. 1 — observers in cst) . (20)

Collecting Egs. (19) and (20) gives the full inverse intrinsic metric spacetime
interval transformation with respect to 3-observers in ¥ and 1-observers in cgt, at
‘distance’ @1’ along the curved relative proper intrinsic metric space @p’ from the
base S’ of the intrinsic rest mass @M, of the gravitational field source at the origin
of the curved &y’ in Figs. 12 and 13 as

Gesdot! = Do dDtsec D (Dr') — doptan @y (21) ;

(w.r.t. 1 — observers in c¢gt) ;

dop = dopsec D¢y (2r) — Desdot tan @ipg(Dr') ;
(w.r.t. 3 —observers in X) . (21)

There is an inverse of system (21), which must be derived from the inverses
of Figs. 12 and 13 of this article. The inverse of Fig. 12 is the counterpart in
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the gravitational field of Fig. 12 of [8] in long range metric force fields in general.
It is depicted in Fig. 14 of this article. Figure 14 derived from the inverse global
geometry Fig. 10 of this article, is valid with respect to 1-observers in the relativistic
metric time dimensions, cst and —cgt*, as is the case with Figs. 10 and 12 of this
article. This, as explained for Fig.12 of [8] of this article), is so, because the
clockwise rotation of the relativistic intrinsic metric spacetime intervals, dgp and
Dcsdot, relative to the inclined relative proper intrinsic metric spacetime intervals,
dop’ and e, dot', by a negative relative intrinsic angle —@y(@r') in Fig. 14,
is equivalent to clockwise rotation of the inclined relative proper intrinsic metric
spacetime coordinate intervals, d@p’ and Fcsdat’, relative to their projective relativistic
intrinsic metric spacetime coordinate intervals, d@p and Dc,dDt, by a positive
relative intrinsic angle @yq(@r’) in Fig. 13. Consequently Fig. 14, like Fig.13,
is valid with respect to 1-observers in the relativistic metric time dimensions, cgt
and — cst*, as is the case for Figs.9 and 10, from which Figs. 13 and 14 have been
drawn respectively.
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Figure 14: The inverse of Fig. 12 is valid with respect to 1-observers in the relativistic
metric time dimensions in the positive and negative universes.

The partial intrinsic metric spacetime interval transformation that can be derived
with respect to 1-observers in ¢t in the first quadrant (or in the positive universe)
from Fig. 14, which follows from the derivation of Eq. (8) from Fig. 12 of [8], is the
following

dop = dop’sec @y(2r') + Sesdot’ tan @, (D7) ;
(w.r.t. 1 — observers in cgt) . (22)
Finally the inverse of Fig. 13 is the counterpart in the gravitational field of

Fig. 13 of [8] in long range metric force fields in general. It is depicted in Fig. 15
of this article. The inverse local diagram of Fig. 15, derived from the inverse
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global diagram Fig. 11 of this article, is valid with respect to 3-observers in the
relativistic Fuclidean 3-spaces, > and —X*, of the positive and negative universes,
as is the case with Fig.11. This, as explained for Fig. 13 of [8], is so, because the
anti-clockwise rotation of the relativistic intrinsic spacetime coordinate intervals,
dop and DcsdDt, relative to the inclined relative proper intrinsic metric spacetime
coordinate intervals, d@p’ and @c,d@t’, by a negative intrinsic angle —@1,(2r’) in
Fig. 15, is equivalent to anti-clockwise rotation of the inclined proper intrinsic metric
spacetime coordinate intervals, dgp’ and @c,d@t’, relative to relativistic intrinsic
metric spacetime coordinate intervals, d@p and Dc,dDt, by positive relative intrinsic
angle @9,(2r’) in Fig. 12. Consequently Fig. 15, like Fig. 12, is valid with respect
to 3-observers in the relativistic Euclidean 3-spaces, ¥ and —X*.
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Figure 15: The inverse of Fig. 13 is valid with respect to 3-observers in the relativistic
metric Euclidean 3-spaces in the positive and negative universes.

The partial intrinsic metric spacetime coordinate interval transformation that
can be derived with respect to 3-observers in ¥ in the first quadrant (or in the
positive universe) from Fig. 15, which follows from the derivation of Eq. (9) of [§]
from Fig. 13 of that article, is the following

Desdot = DegdDt’ sec @ipg(@r') + dop’ tan @y (271') ;
(w.r.t. 3 —observers in X) . (23)

Collecting Egs. (22) and (23) gives the full intrinsic metric spacetime coordinate
interval transformations with respect to 3-observers in 3 and 1-observers in cgt,
derived with the aid of the inverse local diagrams of Figs. 14 and 15, at ‘distance’
@r’ along the curved relative proper intrinsic metric space @p’, from the base S’ of
the relative intrinsic rest mass @My of the gravitational field source at the origin of
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the curved @p’ in the global diagrams of Figs. 8 or 9 as
Desdot = Dedt’ sec Dy (2r') + dop’ tan @, (1) ;
(w.r.t. 3 — observers in ) ;
dop = dop' sec@y(Dr') + De,dot’ tan @, (21') ;
(w.r.t. 1 — observers in c¢gt) , (24)
where, as follows from the derivation of relations (12) — (13a-b) of [8],

dop  @Vy(or')
Sesdot  Des

= sin @, (ar') | (25)

and dop/dot = @V, (2r'), since only relative proper intrinsic static gravitational
flow speed is present in the absence of of a test particle in intrinsic motion (or in
the absence of SR) in the external gravitational field, as being inherently assumed
in this article.

Now following the discussion that led to the replacement of Eqs. (79) and (80)
by Egs. (81) and (82) in [7], the divisor in @V, (&@71")/@cs in Eq. (25) cannot be the
maximum intrinsic static geodesic flow speed @cy that appears in @c;@t, but the
maximum over all relative intrinsic static gravitational flow speeds, to be denoted
by @cgy, with magnitude of 3 x 108ms~!. Indeed the presence of intrinsic static
geodesic flow speed @c, at every point along @c,@t’ does not give rise to intrinsic
gravitational potential along Fc;@t’', unlike @V, (@r’) that is present along @es ot
in the gravitational field and gives rise to intrinsic gravitational potential @®] (@r')
along Pcs@t’, with respect to l-observers in cst’. Hence ¢, is equivalent to zero
magnitude of static intrinsic gravitational potential @Vg’(m’ ). This makes @c;
inappropriate as divisor in @Vy(@7')/@cs. Equation (25) must consequently be
modified as

. , oV!(ar")
sin@y,(or) = —L—> =28,(9r); (26a)
Dy
_ oVy(er')?

no—
sec @Yg(2r') = (1 o

)V2 = gy () (26b)

Using Egs. (26a) and (26b) in systems (21) and (24) gives the counterparts in
the gravitational field to systems (14) and (15) of [8] in general long-range metric
force fields respectively as

V! (or')
dot' = @y,(or)(dot — —2——dop) ;
’Yg( r )( @CS 10) ;
(w.r.t. 1 — observers in cst) ; (27)
dogp’ = oy (or')(dop — oV, (or')dot) ;

(w.r.t. 3 — observers in )
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and Vi@
ar
_ 9 )
dot = @v,(or')(dot’ + TCQde’) ;
(w.r.t. 3 — observers in X)) ; (28)
dop = @y(or)(dep + oV (or)dat’) ;

(w.r.t. 1 — observers in cst) .

Finally, using the expression (5a) for the relative proper intrinsic gravitational
flow speed in Eq. (26a) and (26b) gives the following relations for the relative intrinsic
angle @, (21")

V! (ar') 2G @ M)y
in @, (or) = g =/ A _ 383, (or) : 2
sin @y (D71") = @r’@cg Bg(27) ; (29a)

! T’Q
e — o (21) (290)

)—1/2 _ (1 _ 2GM03) 1/2 _

ov.(or) = (1—
sec @y (1) ( @r’@cQ

Systems (21) and (24) or systems (27) and (28) are then given in terms of the
relative intrinsic gravitational parameter 2G@Mga/@r'@c? respectively as

[2G D Mo,

(w.r.t. 1 — observers in cst) ; (30)

2G o M,
dzp = @y, (or)(dop -/ Oadzt

(w.r.t. 3 — observers in X)

2G M,
dot = oy,(or)(dot’ + /T?f‘d@p’)

(w.r.t. 3 —observers in X)

/2G®M
Sryq(27") (dop’ + Ay

(w.r.t. 3 — observers in cs

Systems (21) and (24), systems (27) and (28) and systems (30) and (31), are
alternative forms of intrinsic gravitational local Lorentz transformation (@GLLT)
and its inverse on the two-dimensional relative intrinsic metric spacetime in a gravita-
tional field of arbitrary strength. The concept of relativity associated with relative
static intrinsic gravitational flow speed shall be clarified shortly in this section.

Either system (21) or its inverse (24), or the more explicit form (27) or (28)
in terms of relative proper intrinsic gravitational flow speed, or the most explicit

dot’

and

dap
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form (30) or (31) in terms of relative proper intrinsic gravitational parameters
2G'D Moya /@1, leads to intrinsic gravitational local Lorentz invariance (@GLLI)

adot? — dop* = @cdot? — dop” . (32)

It follows from the @GLLI that the two-dimensional relativistic intrinsic metric
spacetime (@p, TcsDt) possesses intrinsic Lorentzian metric tensor at every point
and it is consequently everywhere flat in a gravitational field of arbitrary strength,
as illustrated by the extended straight line @p and @c;ot in Fig. 8 — Fig. 13.

Let us collect the partial intrinsic gravitational local Lorentz transformations
of elementary intrinsic metric spacetime coordinate intervals with respect to 3-
observers in the relativistic Euclidean 3-space ¥ in systems (21) and (24) to have

dgp’ = sec@g(@r)(dDp — sin Sy (1) DesdDt) |
in @, (21’
dot = sec@?ﬂg(@r’)(dgt'—i—ism 1/1(9:( T>d@p’); (33)
9

(w.r.t 3 — observers in X)) .

Now when a hypothetical intrinsic 1-observer in the relativistic intrinsic metric
space @p underlying ¥ picks his intrinsic laboratory rod to measure the relativistic
intrinsic metric space interval involved in an intrinsic event in the relativistic intrinsic
metric spacetime, in the first equation of system (33), he will be able to measure
the term d@psec @y(2r’) but not the term —c,dot tan @y (2r’) at the right-
hand side of that equation, with his intrinsic laboratory rod. Likewise when the
hypothetical intrinsic 1-observers in &p picks his intrinsic laboratory clock to measure
the intrinsic metric time interval involved in the same intrinsic event in the second
equation of system (33), he will be able to measure the term d@t’ sec @i, (@7') but
not the term (d@p’/@cs) tan @1pg(@r'), with his intrinsic laboratory clock. Removing
the terms that cannot be measured with intrinsic laboratory rod and intrinsic
laboratory clock from system (33) gives

dgp = dop cos@YPy(@r') and dot = dot’ sec @)y (@1') ;

. (34)
(w.r.t 3 —observers in ¥) .
System (34) gives the intrinsic gravitational length contraction and intrinsic
gravitational time dilation formulae in terms of the intrinsic angle @, (@r’), with
respect to 3-observers in the gravitational-relativistic Euclidean 3-space X, in the
context of the intrinsic theory of relativity associated with the presence of a relative
intrinsic gravitational field in intrinsic metric spacetime (with the global geometry
of Figs. 8 and 9).

System (34) is given in terms of the relative proper intrinsic static gravitational
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flow speed by virtue of relation (26b) as

aV)(or')?
ac2
(w.r.t 3 —observers in X)) .

2
oV (or')

)2 and dot = dot'(1 — L )12
g9

_ 1 _
dop = dop'(1 " (35)

And system (35) is given in terms of the relative proper intrinsic gravitational
parameter 2GMpa /@1’ by virtue of relation (29b) as

2GS Mg,
ar'ac’
(w.r.t 3 —observers in X) .

2GS Mpya,

) and dot = dot'( oo

)—1/2 .

dgp = dop/'(1 ;
p P( (36)

Now the intrinsic theory of relativity in intrinsic metric spacetime that is associated
with the presence of relative intrinsic gravitational field, will be made manifested in
the theory of relativity in metric spacetime that is associated with the presence of
relative gravitational field in metric spacetime. Consequently the intrinsic gravitational
local Lorentz transformation (@GLLT) of system (21) and its inverse of system
(24), within intrinsic gravitational local Lorentz frames on the flat two-dimensional
intrinsic metric spacetime in the gravitational field, in terms of the intrinsic angle
@1pg(@r'), will be made manifested outwardly in gravitational local Lorentz transformation
(GLLT) and its inverse within the corresponding gravitational local Lorentz frames
on the flat four-dimensional metric spacetime in the gravitational field. Essentially
the symbol @ must simply be removed from systems (21) and (24) to have their
outward manifestations in spacetime respectively as

csdt! = csdtsectpy(r') — drtaniy(r') ;
(w.r.t. 1 — observers in cst) ;
dr' = drseciy(r') — codt tantpy(r') ; v'dd’ =rdf ; r’'sind'dy’ = rsinfdy ;
(w.r.t. 3 — observers in )
(37)
and
csdt = cgdt sectpy(r') + dr' tan iy (r') ;
(w.r.t. 3 —observers in X) ;
dr = dr'seciy(r') + codt tanipy(r') ; rdd =r'df’; rsinfdp = r'sind'dy’ ;
(w.r.t. 1 — observers in cst) .
(38)

Now the relative proper static gravitational flow speed Vg’(r’ ) is isotropic in the
relative proper metric Euclidean 3-space ¥/ and the relativistic Euclidean 3-space X.
It consequently lies radially from the centre of the rest mass My in ¥’ and from the
centre of the relativistic mass M in % of the gravitational field source, irrespective
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of the shape of My and M. It is for this reason that the outward manifestation
in spacetime of systems (21) and (24) take on the forms of systems (37) and (38)
respectively always in all gravitational fields, where the unprimed (or relativistic)
coordinates, 76 and rsin 6y, of ¥, along which V;(r’) does not lie, which are hence
non-relativistic coordinates, transform into the corresponding proper coordinates,
', 7’0" and r'sin @'y’ of ¥/ trivially as, '8’ = rf and r'sin'¢’ = rsinfp. These
facts shall be more rigorously established elsewhere.

The appearance of the angle ¢4 (r’) in system (37) and (38) conveys the impression
that the proper metric coordinates intervals dr’ and c,dt’ are rotated at angle 14 (")
relative to their projective relativistic metric coordinate intervals dr and cgdt and,
consequently that, the extended dimensions, 7’ and c4t’, of the relative proper metric
spacetime (X7, est’) = (¢, 7’0", 7' sin 0’ ¢/, ¢4t’) are curved with non-uniform curvature
relative to their projective straight line dimensions, r and cst, respectively of the
relativistic metric spacetime (3, cst) = (r, 70, 7 sin O, cst), in the gravitational field.
It is to be noted however that there is no curvature of the four-dimensional metric
spacetime, or of the dimensions of the four-dimensional metric spacetime, in the
new geometrical background to the theory of relativity and gravitation within a
four-world picture, presented as Figs. 8 — Fig. 11 of this article.

Only the relative proper intrinsic metric spacetime dimensions, @p’ and e, Ot',
are actually curved relative to their projective relativistic intrinsic metric spacetime
dimensions, @p and Tc;Tt, respectively in Figs. 8 and 9 and their inverses, Figs. 10
and 11. The curvature of the dimensions of the metric spacetime apparently implied
by systems (37) and (38) is an intrinsic and not observable (or actual) curvature.
This is what the actual curvatures of intrinsic metric spacetime in Fig. 10 — Fig. 13
represent.

The outward manifestations on the four-dimensional metric spacetime of the
intrinsic gravitational local Lorentz transformation of system (27) and its inverse
(28) in terms of gravitational flow speed are likewise given respectively as

V/ /
dt! = ’yg(r/)(dt - gc(; )dT) ;
(w.r.t. 1 — observers in cst) ; (39)

dr' = (") (dr = Vy(r")dt) ; r'd0" = rdf ; r'sin@'dy’ = rsinfdyp ;

(w.r.t. 3 — observers in X)

and
V/ 7,,/
d = )+ )
g
(w.r.t. 3 — observers in X) ; (40)

dr = 7(r")(dr" + Vj(r")dt') ; rdf = r'd0" ; rsinfdp = r'sin0'dy’ ;

(w.r.t. 1 — observers in cst) ,
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where
Y9(r) = secdy (') = (1= Vy (') feg) 712 . (41)
Systems (39) — (41) correspond to systems (22) — (24) of [8].
The outward manifestations in the four-dimensional spacetime of systems (30)
and (31) are given respectively as

2G Moz,
dt’ = y(r')(dt — r’c‘gl dr) ;
(w.r.t. 1 — observers in c¢st) ; (42)
2G M,
dr' = ~y(r")(dr — GT/ 98 34) : +/d0’ = rdf ; v’ sin@'dy’ = rsinfdy ;
(w.r.t. 3 — observers in X))
and
2G Moa
dt = ~g(r)(dt' + T’c‘gl dr') ;
(w.r.t. 3 —observers in X) ; (43)
2G' M
dr = g(r')(dr’ + Gr/ 08 1"y ; rdf = r'd0 ; rsinfde = r'sin0'dy’ ;
(w.r.t. 1 — observers in cst) ,
where
Yo (') = (1= Vy(r')? /) /2= (1 = 2GMoa/r'c;)~/* . (44)

Systems (37) and (38), systems (39) and (40) and systems (42) and (43), are
alternative forms of gravitational local Lorentz transformation (GLLT') and its inverse
in the four-dimensional relativistic metric spacetime in the gravitational field. They
are called gravitational local Lorentz transformation, because they are restricted
within gravitational local Lorentz frames (within which gravitational potential is
constant) in arbitrary gravitational field. They pertain to a theory of relativity to
be named shortly, which is associated with the presence of relative gravitational field
in metric spacetime.

Either the GLLT (37), (39) or (42) or its inverse (38), (40) or (43), leads to

gravitational local Lorentz invariance (GLLI):
Adt? — dr* — r?(d6* + sin®dp?) = 2dt"”?* — dr’® — 1"(df” 4 sin® dp'?) . (45)

The gravitational local Lorentz invariance (GLLI) (45) is valid at every point on the
four-dimensional relativistic metric spacetime in a gravitational field of arbitrary
strength, implying the flatness of the four-dimensional gravitational-relativistic metric
spacetime (X, ¢st) everywhere in a gravitational field of arbitrary strength, as deduced
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graphically and illustrated in Figs. 8 and 9 and their inverses, Figs. 10 and 11 earlier.
The GLLI (45) is the outward manifestation on the flat four-dimensional metric
spacetime of the intrinsic gravitational local Lorentz invariance (@GLLI) (32) on
flat two-dimensional intrinsic metric spacetime.

Finally the intrinsic gravitational length contraction and intrinsic gravitational
time dilation formulae in the context of the intrinsic theory of relativity associated
with the presence of relative intrinsic gravitational field on the flat two-dimensional
intrinsic metric spacetime, presented in the alternative forms of systems (34), (35)
and (36), are made manifested outwardly on the flat four-dimensional metric spacetime,
in the context of the theory of relativity associated with the presence of relative
gravitational field in metric spacetime respectively as

dr = dr'costpy(r'); rdf =r'd0"; rsinfdp =r'sin@'dy’ ; and

dt = dt'secip,(r') . (46)
V! "2
dr = (1- gg) W2dr' s rd = +'d6’ ; rsinfde = r' sin@'dy’ ; and
g
Vl "2
dt = (1—#)*/%’ (47)
cg
and
2G M,
dr = (1- %)1/2@"'; rdd = r'df" ; rsinfdp = r'sin®dy’ ; and
g
2G Moa
dt = (1-=757) 12q4" . (48)
g

The gravitational length contraction and gravitational time dilation formulae
(46) — (48) at radial distance r from the center of the gravitational-relativistic mass
M in ¥ in Fig. 8, corresponding to radial distance v’ from the centre of the rest mass
My in ¥’ in Fig. 7, are valid with respect to 3-observers in the relativistic Euclidean
3-space X in Fig. 8.

The theory of relativity on the flat four-dimensional relativistic metric spacetime
(X, cst), which is associated with the presence of a relative gravitational field, within
which the gravitational local Lorentz transformation (GLLT) and its inverse (37)
and (38), or (39) and (40), or (42) and (43), have been derived; within which
the gravitational local Lorentz invariance (45) on the flat four-dimensional metric
spacetime in a gravitational field of arbitrary strength has been established, and
within which the gravitational length contraction and gravitational time dilation
formulas of system (46), (47) or (48) have been derived, shall be referred to as the
theory of gravitational relativity and given the acronym (TGR).
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The TGR is the gravitational counterpart (involving relative static gravitational
flow speed V{(1')), of the special theory of relativity (SR) (involving uniform relative
dynamical speed v). However, while the relative dynamical speed is constant in SR,
thereby satisfying the special principle of relativity [9], the relative static gravitational
flow speed V ('), which appears in TGR, is spatially uniform within a gravitational
local Lorentz frame, but varies from one gravitational local Lorentz frame to another,
thereby satisfying the general principle of relativity of Einstein [10] globally in the
gravitational field. Thus the theory of gravitational relativity (TGR) may also
be referred to as the general theory of relativity on flat spacetime, going by the
Einsteinian nomenclature, but TGR shall be preferred.

If we could have our way, the special theory of relativity associated with relative
dynamical velocity would be referred to as the theory of dynamical relativity (TDR),
which can then take care of the relativity of both uniform and non-uniform relative
dynamical velocities. The relativity of non-uniform relative velocity motions shall
be investigated in the context of the present theory elsewhere.

The intrinsic theory of relativity on the flat two-dimensional relativistic intrinsic
metric spacetime (@p, Fc;Dt) associated with the presence of relativistic intrinsic
gravitational field on (&p, Fcs@t), within which the intrinsic gravitational local
Lorentz transformation (GLLT) and its inverse of systems (21) and (24) or systems
(27) and (28) or systems (30) and (31), have been derived; within which the intrinsic
gravitational local Lorentz invariance (@GLLI) (32) has been established, and within
which the intrinsic gravitational length contraction and intrinsic gravitational time
dilation formulae of system (34), (35) or (36) have been derived, is the theory of
intrinsic gravitational relativity (T@GR). It is the gravitational counterpart of the
intrinsic special theory of relativity (@SR).

The theory of gravitational relativity (TGR) on the flat four-dimensional relativistic
metric spacetime (X, ¢st) in an arbitrary gravitational field in Figs.10 and 11 and
their inverses, Figs. 12 and 13, is mere outward manifestation on the flat (X, ¢st) of
the theory of intrinsic gravitational relativity (T@GR) on the flat two-dimensional
relativistic intrinsic metric spacetime (&p, Fcs@t) underlying (3, ¢st) in those figures.
Once a result of T@GR has been derived on the flat intrinsic spacetime (@p, Dc;2t),
the corresponding result of TGR on the flat four-dimensional spacetime (X, ¢st) can
be written straight away, essentially by dropping the symbol @ from the result
of T@GR. This procedure, which has been demonstrated above, has also been
demonstrated between @SR and SR in [1].

The “relativity” aspect of the commonly used terminology “relativity and gravitation”,
when applied in the present context, refers to a theory of relativity on the flat
spacetime associated with the presence of gravitational field, which is the theory of
gravitational relativity (TGR), while the “gravitation” part of the “relativity and
gravitation” terminology, refers to the theory (or law) of gravity (i.e. of gravitational
interaction) on flat four-dimensional relativistic metric spacetime (3, ¢,t) in Fig. 10,
obtained from the transformations with the aid of GLLT and its inverse (42) and (43)
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of the classical (or Newtonian) theory (or law) of gravity (or of classical gravitational
interaction), as shall be investigated elsewhere. This is analogous to the special
theory of relativity and relativistic mechanics, where relativistic mechanics is classical
mechanics transformed with the aid of LT and its inverse in the context of SR.

This first part of this article shall be ended at this point. The second part shall
be a direct continuation of this first part. Division into two parts is necessary in
order to avoid to long paper.

Conclusion

The summary of the progressive development of the two stages of evolutions of
metric spacetime and intrinsic metric spacetime and the associated sequence of
metric spacetime/inrinsic metric spacetime geometries in long-range metric force
fields in general, in the previous articles, which culminate in their adaptation to the
gravitational field in this article and its second part, along with the developments in
this article and its second part, as well as general conclusion and direction for further
investigation, shall be presented at the end of the second part of this article. The
specific conclusion reached in this article that, the four-dimensional gravitational-
relativistic metric spacetime and its underlying two-dimensional gravitational-rela-
tivistic intrinsic metric spacetime are flat in arbitrary gravitational field, while
the ‘two-dimensional’ absolute intrinsic metric spacetime is curved with absolute
intrinsic sub-Riemannian metric tensor, shall be mentioned at this point. The
derived set of metric spacetime/intrinsic metric spacetime geometries in the gravita-
tional field in the four-world picture in this article, encompasses theories gravity and
hierarchy of theories of intrinsic gravity and it is a more all-encompassing geometrical
background for gravitation than a curved four-dimensional spacetime solely in a one-
world picture in the general theory of relativity.
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Figure 16: The global metric spacetime/intrinsic metric spacetime diagram within
symmetry-partner long-range relativistic metric force fields in our universe and
negative universe, with respect to 3-observers in the relativistic metric Euclidean
spaces in the two universes; (Fig. 5 of [8])

Figure 17: The complementary global metric spacetime/intrinsic metric spacetime
diagram to Fig. 16; is valid with respect to 1-observers in the relativistic metric time
dimensions in our universe and the negative universe; (Fig. 7 of [8])
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Figure 18: The inverse of the global metric spacetime/intrinsic metric spacetime
diagram of Fig. 16; is valid with respect to l-observers in the relativistic time
dimensions ¢; and —cst* in the positive and negative universes; (Fig. 8 of [8])

Figure 19: The inverse of the global metric spacetime/intrinsic metric spacetime
diagram of Fig. 17; is valid with respect to 3-observers in the relativistic metric
Euclidean 3-spaces IE? and —IE* of the positive and negative universes; (Fig.9
of [8])
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