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ABSTRACT 
The current study presents the remodeling of General Relativity (GR) where 
gravitational effects are explained by phase dynamics in a two-dimensional 
time space instead of curvature of spacetime. It is based on previously mod-
ified formulation of special relativity, where motion of particles is linked to 
a unitary constraint of temporal velocity, and the relativistic effects have 
time dependence of an internal time phase. The study generalizes the prin-
ciple of equivalence by supposing that gravitational interactions only act on 
the phase degrees of freedom of time and space but the geometry of 
spacetime is still flat. In this context, the study derives the principles of in-
variant action of phase evolution as well as the equations of motion of mas-
sive particles and photons in the time manifold. Additionally, the research 
obtained explicit solutions of inertial motion, uniform acceleration, and 
spherically-symmetric gravitational fields. The theory in the weak-field re-
gime regenerates Newtonian gravity and standard results of GR. Meanwhile, 
the formulation is fundamentally different to Einstein’s gravity in that the 
curvature of spacetime is not a dynamical variable. This leads to the fact 
that there are no curvature singularities, and event horizons are well-defined. 
The findings indicate that relativistic gravitation can be systematically de-
veloped in phase evolution instead of spacetime geometry. This offers an 
alternative theoretical framework with a structure that can be extended ap-
propriately in the future. 
Keywords: general relativity (GR), gravitational field, spacetime, spherical 
symmetry, time 
Highlights 

• The current study reformulates GR by replacing spacetime curvature 
with phase dynamics in a two-dimensional time manifold, where 
gravitational effects arise from evolution in internal time.  

• Gravity is modeled through phase degrees of freedom rather than 
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curved spacetime. This eliminates curvature singularities while 
preserving key phenomena, such as inertial motion, acceleration, and 
spherical gravitational fields.  

• The theory reproduces Newtonian gravity and standard GR results in 
the weak-field regime, offering a viable alternative framework with 
potential for further theoretical extension. 

GRAPHICAL ABSTRACT 

 
1. INTRODUCTION 

GR is the established classical framework for gravitation, formulating 
gravitational dynamics as a generally-covariant metric theory. This theory 
is encoded in the geometry of spacetime, and freely-falling bodies follow 
geodesic trajectories of a dynamical metric [1,2]. The direct detection of 
gravitational waves from coalescing compact binaries by the LIGO and 
Virgo interferometers has provided observational access to the nonlinear 
regime of the Einstein’s field equations, with observed in-spiral, merger, 
and ringdown waveforms in close agreement with GR predictions [3,4]. The 
lensing structure is expected from photon trajectories in a Kerr-like 
spacetime, thereby testing GR on length scales comparable to the gravita-
tional radius [5,6].  



Completed General Relativity 

4 
Scientific Inquiry and Review 

Volume 10 Issue 1, 2026 
 

Under broad and physically-reasonable assumptions, the Penrose–
Hawking singularity theorems demonstrate that classical GR generically 
predicts geodesic incompleteness. This signals a breakdown of the theory 
rather than a physically-meaningful endpoint of evolution [7,8]. This ten-
sion is reflected most clearly in the so-called problem of time, which high-
lights the conceptual incompatibility between the dynamical role of time in 
GR and the external time parameter employed in quantum mechanics [9]. 
Recent work on two-dimensional time and time-phase geometry has pur-
sued this direction. This was done by seeking a framework in which rela-
tivistic invariance and quantum discreteness arise from a common temporal 
structure rather than from fundamentally-distinct principles [1012]. 

Phase plays a central and irreducible role in quantum theory, governing 
interference phenomena, quantization conditions, and dynamical evolution 
[13]. In the path-integral formulation of quantum mechanics, physical am-
plitudes are obtained by coherently summing over all possible histories, 
each weighted by a phase determined by the action, placing phase at the 
core of quantum dynamics [14]. Closely-related concepts, such as geomet-
ric and Berry phases further show that phase accumulation can encode 
global and topological properties of a system, independent of local forces, 
with observable consequences across a wide range of physical contexts 
[15,16].  

The current study builds on a completed reformulation of special rela-
tivity developed in previous work [10–12], in which relativistic kinematics 
are described using a two-dimensional time manifold equipped with an in-
ternal phase degree of freedom. It is in line with modern approaches that 
treat time as an operational or relational quantity derived from internal de-
grees of freedom rather than as a fundamental external parameter [17,18]. 
The additional temporal structure enters exclusively through phase varia-
bles that parameterize how time evolution is represented, compared, and 
synchronized between inertial frames, without introducing new observable 
coordinates or violating relativistic covariance [18,19]. The interpretation is 
consistent with contemporary relational and emergent-time programs in 
both quantum theory and quantum gravity, where temporal structure arises 
from correlations, internal clocks, or phase evolution rather than from a pri-
ori geometric time coordinate [17, 19–22]. 

Guided by Einstein’s equivalence principle, which asserts the local in-
distinguishability of inertial motion and free fall [23], the study formulates 
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a generalized version adapted to the phase-based kinematics of the two-time 
framework. Early operational analyses clarified that the equivalence princi-
ple expresses the universal coupling of gravity to matter and the local elim-
inability of gravitational effects by a suitable choice of frame, independent 
of any specific geometric realization [24]. Subsequent developments em-
phasized that this universality need not be tied uniquely to spacetime cur-
vature, particularly when quantum or non-geometric effects are taken into 
account [25]. These dynamics are formulated in terms of invariant action 
principles governing phase evolution. The foundational role of symmetry 
and invariance, in determining conserved quantities, was established by No-
ether’s theorem [26], and has long been central to relativistic field theory 
[27,28]. Building on these insights, and on later systematic treatments of the 
equivalence principle in modern relativistic frameworks [29], the study pos-
tulates those gravitational interactions couple universally to phase degrees 
of freedom rather than directly to spacetime geometry. Experimental 
demonstrations of gravitationally-induced quantum phase shifts further sup-
port the idea that gravity can manifest directly through phase rather than 
geometry alone [30].  

Conservation of energy and momentum then follows directly from in-
variance properties, without the need for an independent geometric field 
equation [31]. In this sense, the role played by spacetime curvature in GR 
is replaced by constrained phase dynamics, with relativistic motion emerg-
ing from symmetry, unitarity, and variational principles rather than from 
geometric curvature itself [32]. The study develops explicit dynamical so-
lutions in several benchmark settings: inertial motion, which reproduces the 
special-relativistic limit; uniformly accelerated motion, serving as an ana-
logue of a constant gravitational field [33,34]. A spherically-symmetric 
gravitational configuration corresponds to the exterior Schwarzschild solu-
tion [35,36]. These cases are chosen to enable direct comparison with text-
book predictions of GR in regimes where the theory is well-tested, including 
weak-field limits, redshift, and test-particle motion [37,38]. In the context 
of compact objects, event horizons remain well-defined and operationally-
meaningful [39] but curvature singularities do not arise, since the formula-
tion does not rely on divergent curvature invariants. This is a viewpoint 
compatible with horizon-based and operational treatments of black-hole 
physics [40,41]. 

The scope of this study is classical. The study proceeds by formulating 
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the gravitational equations in the time dimensions and introducing the asso-
ciated time metric, deriving conservation laws and field equations on the 
time manifold, as well as presenting explicit solutions for constant and 
spherically-symmetric gravitational fields. The formalism is then extended 
to the space dimensions, including angular momentum, followed by a sys-
tematic comparison with Einstein’s GR and concluding remarks. 
2. GENERAL RELATIVITY (GR) EQUATIONS FOR THE TIME 
DIMENSIONS 

Here, the study develops the gravitational dynamics of the time dimen-
sions of the relativistic structure that has been constructed. The study begins 
with a short overview of Completed Special Relativity (CSR). Afterwards, 
it generalizes the equivalence principle of Einstein to a phase-based context 
and makes two postulates that determine how time and space phases re-
spond to gravitational fields. The following sections are based on these pos-
tulates to construct the dynamical equations of Completed General Relativ-
ity (CGR). 
2.1. Extension of the Equivalence Principle and Review of Completed 
Special Relativity (CSR) 

Einstein’s equivalence principle states that, from the perspective of a 
point-like massive particle, the effects of gravity are locally indistinguisha-
ble from those of acceleration. As a consequence, no local experiment per-
formed on such a particle can distinguish gravitational motion from accel-
erated motion. In the previous works [10–12], a formulation of CSR was 
introduced, in which the velocity of a particle in time was described by the 
complex quantity mentioned as follows: 

𝑇𝑇 = 𝜌𝜌𝑒𝑒𝑖𝑖𝜃̇𝜃 (1) 

This applies uniformly to both massive and massless particles (photons). 
In this representation, the oscillatory phase variable 𝜃𝜃 encodes the dynam-
ical state of the particle in the time manifold. For a massive particle, this 
phase is taken to depend on the spatial velocity 𝑣𝑣, 

𝜃̇𝜃 = tan−1(𝑣𝑣) (2) 

while for a photon, it is determined by the frequency, or equivalently the 
inverse wavelength, 
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𝜃̇𝜃 = tan−1(−𝜆𝜆) (3) 

The researchers were only concerned about the special case without ac-
celeration; however, the implication of this symmetry is an extension of 
Einstein’s equivalence principle: 
2.2. Gravity Parallel to the Direction of Motion 

Postulate A: The component of the gravitational field parallel to the di-
rection of motion of a particle is equivalent to acceleration in that it modifies 
the phase evolution of the particle in the time manifold, for both massive 
particles and photons. 

To motivate this postulate, consider two particles in free fall separated 
by a finite distance. For each particle, a locally-comoving coordinate system 
may be defined such that, at a given instant, the particle’s motion is aligned 
along a single spatial direction, as established in [12]. For a point particle in 
free fall whose motion is parallel to the gravitational field, the dynamics can 
be fully specified within the time manifold, since no angular change in spa-
tial direction occurs. 
2.3. Parallel and Perpendicular Components of Gravity 

Postulate B: The instantaneous component of gravity parallel to the mo-
tion of a particle changes the phase of the particle in time, while the instan-
taneous component of gravity perpendicular to the motion changes the 
phase of the particle in space. 

The study proposed that motion in the time manifold is governed by a 
principle of least action, determined by a Lagrangian that is an invariant 
function of the time phase [12], 

ℒ𝑡𝑡 = 𝑚𝑚�𝑒𝑒𝑖𝑖𝜃̇𝜃� (4) 

In the same way, motion in the space manifold is hypothesized to be 
determined by a Lagrangian that is an invariant function of the phase, 

ℒ𝑡𝑡 = 𝛽𝛽𝑖𝑖𝑟𝑟2𝛼̇𝛼 
In the special case, these contributions were combined into a single La-

grangian. In the present formulation of CGR, however, no such assumption 
is made a priori. Instead, the phase dynamics in time and space are treated 
separately, with gravitational effects entering through their respective phase 
responses. This approach differs fundamentally from Einstein’s geometric 
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interpretation of gravity in terms of spacetime curvature. Nevertheless, as 
demonstrated in subsequent sections, it reproduces equivalent predictions 
for particle motion in gravitational fields in regimes where GR has been 
experimentally confirmed. 
3. TIME METRIC IN COMPLETED SPECIAL RELATIVITY (CSR) 

This section introduces the metric structure associated with the time 
manifold in CSR. By reformulating proper time as a norm in a two-dimen-
sional time space, the study shows how relativistic time dilation and invar-
iant temporal velocity arise geometrically, without invoking spacetime cur-
vature. This construction provides the basis for extending the formalism to 
gravitational settings in subsequent sections. The study recalls that the Min-
kowski metric for massive particles in Einstein’s spacetime is defined as a 
function of the space and time coordinates: 

𝜏𝜏2 = 𝑡𝑡2 − 𝑥𝑥2 − 𝑦𝑦2 − 𝑧𝑧2, (5) 

where 𝜏𝜏 denotes the invariant proper time. In the CSR framework devel-
oped in Refs. [10–12], proper time is instead specified as a function of co-
ordinates in a two-dimensional time manifold. In particular, the study 
showed that 

𝜏𝜏2 = |𝑆𝑆|2 = �𝜌𝜌𝜌𝜌𝑒𝑒𝑖𝑖2𝜋𝜋𝜔𝜔𝑣𝑣𝑡𝑡�
2

= �𝑡𝑡𝑒𝑒𝑖𝑖2𝜋𝜋𝜔𝜔𝑣𝑣𝑡𝑡�
2
. 

Since massive particles move in time-like trajectories, this can be writ-
ten as 

𝜏𝜏 = |𝑆𝑆| = 𝑡𝑡𝑒𝑒𝑖𝑖2𝜋𝜋𝜔𝜔𝑣𝑣𝑡𝑡. 
Photons are governed by a symmetric relation, reflecting the massless 

limit of the theory, 

𝜏𝜏 = |𝑆𝑆| = 𝑡𝑡𝑒𝑒−𝑖𝑖2𝜋𝜋𝜋𝜋𝜋𝜋. 
A central postulate of CSR is that the magnitude of the velocity of any 

particle in the time manifold is invariant, 

|𝑇𝑇| =  �𝜌𝜌𝑒𝑒𝑖𝑖𝜃̇𝜃� = 1. 

In the absence of acceleration or gravitational fields, the phase depends 
only on the constant velocity or frequency of the particle and therefore, 

𝜃̈𝜃 = 0. 
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This situation changes in the presence of a gravitational field with a 
component parallel to the direction of motion, where the velocity of a mas-
sive particle or the frequency of a photon varies with time as the particle 
propagates through space. In this case, the phase evolution becomes time 
dependent, 

𝜃̇𝜃(𝑡𝑡) = tan−1�−𝜆𝜆(𝑡𝑡)� or 𝜃̇𝜃(𝑡𝑡) = tan−1�𝑣𝑣(𝑡𝑡)�, 

and consequently, 

𝜃̈𝜃(𝑡𝑡) ≠ 0. 
The action governing motion in the time manifold is given by, 

𝐴𝐴 = 𝑚𝑚� 𝑑𝑑𝑑𝑑
𝑏𝑏

𝑎𝑎
= 𝑚𝑚� 𝑒𝑒𝑖𝑖𝜃̇𝜃

𝑏𝑏

𝑎𝑎
𝑑𝑑𝑑𝑑. 

This action may be written in geometric form by introducing a metric 
on the time manifold,  

𝜏𝜏2 = 𝑔𝑔𝑐𝑐𝑐𝑐𝑑𝑑𝑌𝑌𝑐𝑐𝑑𝑑𝑌𝑌𝑑𝑑 = �cos2 𝜃̇𝜃 0
0 − sin2 𝜃̇𝜃

� �𝑑𝑑𝑌𝑌
𝑐𝑐

𝑑𝑑𝑌𝑌𝑑𝑑�. 

The two dimensions of time (𝑐𝑐 = 1,𝑑𝑑 = 2) are orthogonal by construc-
tion, and the normalization condition implies, 

�cos2 𝜃̇𝜃 0
0 − sin2 𝜃̇𝜃

� �𝑑𝑑𝑌𝑌
1

𝑑𝑑𝑌𝑌2
� = cos2 𝜃̇𝜃  (𝑑𝑑𝑌𝑌1)2 − sin2 𝜃̇𝜃(𝑑𝑑𝑌𝑌2)2 = 1 

The familiar special-relativistic “paradox” in which two inertial observ-
ers each perceive the other’s clock as running more slowly finds a natural 
geometric interpretation in this metric. From the perspective of each ob-
server, motion occurs along a single time direction (𝜏𝜏 = 𝑡𝑡, cos 2 𝜃̇𝜃 = 1), 
while the other observer is perceived as moving in two orthogonal time di-
mensions, 

τ′ = cos 𝜃̇𝜃 + 𝑖𝑖 sin 𝜃̇𝜃 = 𝑒𝑒𝑖𝑖𝜃̇𝜃. 
In both descriptions, however, the magnitude of the velocity through the 

time manifold remains invariant. In direct analogy with the constancy of the 
speed of light as a fundamental principle of relativity, it was previously pos-
tulated that the constant magnitude of temporal velocity is a universal law 
of nature [10]. As a consequence, the time metric must remain diagonal, 

𝑔𝑔01 = 𝑔𝑔10 = 0. 
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4. CONSERVATION OF ENERGY/MOMENTUM AND THE TIME 
MANIFOLD FIELD EQUATIONS 

In this section, the study derives the field equations governing particle 
motion in the time manifold by imposing conservation of energy and mo-
mentum as fundamental invariants. Rather than introducing curvature as a 
dynamical variable, gravity is formulated through phase evolution subject 
to a unitary constraint, which plays the role of energy–momentum conser-
vation in the time manifold. This leads naturally to a set of field equations 
and postulates to replace the geometric field equations of Einstein’s GR. 
The first objective is to derive field equations governing the behavior of 
particles in the time manifold. The study adopts the same conceptual strat-
egy used by Einstein in GR, namely, that the dynamical equations should 
be determined by conserved quantities but reformulate it within the phase-
based structure of the time manifold. Accordingly, the study posits that, 

Function of the time metric = function of conserved quantities. (6) 

The motion of a particle in the time manifold depends exclusively on its 
phase in time, which is fully specified by its velocity in the case of massive 
particles or by its frequency in the case of photons. The energy of the parti-
cle is therefore encoded entirely in its time-phase evolution and rest mass. 
Information associated with angular momentum, which is invariant in space 
and related to the phase in the space manifold, is not encoded in the time 
manifold. This leads towards a significant simplification of the right-hand 
side of Eq. (6). Conservation of energy and momentum in the time manifold 
is equivalent to enforcing a unitary constraint. Specifically, this corresponds 
to Postulate 3 of the previous work [10], which states that the magnitude of 
the velocity of a particle in time is constant. This constraint may be written 
as, 

cos2 𝜃̇𝜃 + sin2 𝜃̇𝜃 = cos2�𝜃̇𝜃 + 𝑑𝑑𝜃̇𝜃� + sin2�𝜃̇𝜃 + 𝑑𝑑𝜃̇𝜃�. 

Equivalently, this condition can be expressed as a scalar field equation, 
where 𝜃̇𝜃(𝑋𝑋)denotes the phase of a particle in time as a function of its 
position in the time manifold, 

cos2�𝜃̇𝜃(𝑋𝑋)� + sin2�𝜃̇𝜃(𝑋𝑋)� = 1. 

4.1. Gravitational Coupling to the Time Phase 
As postulated earlier, only the component of the gravitational field 
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parallel to the direction of motion in space contributes to the evolution of 
the time phase. The study therefore, defines the gradient of the gravitational 
field acting on the time phase as, 

∇ 𝜙𝜙𝐺𝐺∥(𝑋𝑋) = �
𝜕𝜕𝜙𝜙𝐺𝐺∥
𝜕𝜕𝑋𝑋0

,
𝜕𝜕𝜙𝜙𝐺𝐺∥
𝜕𝜕𝑋𝑋1

�. 

The angle between the direction of the gravitational field in space (𝜙𝜙) 
relative to the direction of motion of a particle in space (V) is: 

cos−1 �
𝜙𝜙 · 𝑉𝑉

|𝜙𝜙||𝑉𝑉|�, 

which defines a scalar field in spacetime, denoted by 𝜒𝜒, 

cos(𝜒𝜒) = �
𝜙𝜙 · 𝑉𝑉

|𝜙𝜙||𝑉𝑉|�. 

Although the gravitational constant 𝐺𝐺is universal, its contribution to the 
time phase must be modulated by cos𝜒𝜒 to enforce Postulate A. Accordingly, 
the effective gravitational field acting on the time phase is, 

𝜙𝜙𝐺𝐺∥ = cos(𝜒𝜒)𝜙𝜙. 

The study introduces the sign parameter 𝜌𝜌, where 𝜌𝜌 = −1 corresponds 
to motion towards another particle and 𝜌𝜌 = +1 otherwise. Including this 
directional dependence yields, 

𝜙𝜙𝐺𝐺∥ = 𝜌𝜌cos(𝜒𝜒)𝜙𝜙. 

At this point, an important conceptual distinction emerges. Distances in 
space are meaningful only with respect to a specific particle and reference 
frame [12]. Consequently, cos𝜒𝜒 has physical meaning only when evaluated 
along a particular particle trajectory. 
4.2. Energy–momentum Structure in the Time Manifold 
In our previous work [12], the energy–momentum relations were derived 

(𝑃𝑃0)2 +  (𝑃𝑃1)2 =  �
𝑚𝑚𝜌𝜌𝜌𝜌2
√1 − 𝑣𝑣2

�
2

+ �
𝑖𝑖𝑖𝑖𝜌𝜌𝜌𝜌2𝑣𝑣
√1 − 𝑣𝑣2

�
2

=  𝑚𝑚2, 

which may be rewritten as, 
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(𝑃𝑃0)2 +  (𝑃𝑃1)2 =  �
𝑚𝑚

√1 − 𝑣𝑣2
�
2
− �

𝑚𝑚𝑚𝑚
√1 − 𝑣𝑣2

�
2

=  𝑚𝑚2. 

This leads to the familiar relativistic relation 

𝐸𝐸2 = |𝑃𝑃1|2 + 𝑚𝑚2, 
which applies to both massive and massless particles. The squared sum of 
energy and momentum is therefore invariant in time. To formalize this re-
sult, we define the time-manifold energy–momentum tensor, denoted 𝑃𝑃𝜏𝜏𝜏𝜏 
(to distinguish it from the Einstein tensor), 

𝑃𝑃𝜏𝜏𝜏𝜏 = �𝑃𝑃00 𝑃𝑃01
𝑃𝑃10 𝑃𝑃11

�. 

Here, 𝑃𝑃00 represents the energy contained in the real dimension of time, 
while 𝑃𝑃11 represents the energy in the imaginary dimension. The off-diago-
nal components vanish identically, since the magnitude of the velocity in 
time is fixed, 

𝑃𝑃01 = 𝑃𝑃10 = 0. 
The tensor is therefore diagonal, 

𝑃𝑃𝜏𝜏𝜏𝜏 = �𝑃𝑃00 0
0 𝑃𝑃11

� 

This requires a conceptual shift: the time manifold remains flat and does 
not curve in the presence of gravity. Instead, it is the phase in time equiva-
lently, the velocity or frequency of the particle that responds to gravity. Im-
posing invariance of 𝑃𝑃𝜏𝜏𝜏𝜏 yields, 

(𝑃𝑃0)2 +  (𝑃𝑃1)2 =  𝐸𝐸2 + (𝑃𝑃1)2 =  𝑚𝑚2 ��
1

√1 − 𝑣𝑣2
�
2

+ �
𝑖𝑖𝑖𝑖

√1 − 𝑣𝑣2
�
2

�

=  𝑚𝑚2. ��
1

√1 − 𝑣𝑣2
�
2

+ �
𝑖𝑖𝑖𝑖

√1 − 𝑣𝑣2
�
2

� =  1, 

where the bracketed expression is both invariant and tensorial. We therefore 
define 

𝑃𝑃𝜏𝜏𝜏𝜏 = �

1
1 − 𝑣𝑣2

0

0 −
𝑣𝑣2

1 − 𝑣𝑣2

� 
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with an analogous expression for photons obtained by replacing 𝑣𝑣 with 𝜆𝜆. 

𝑃𝑃𝜏𝜏𝜏𝜏 = �

1
1 − 𝜆𝜆2

0

0 −
𝜆𝜆2

1 − 𝜆𝜆2

�. 

Since the tensor is diagonal, it may be contracted without loss of infor-
mation, 

𝑃𝑃𝜏𝜏 = �

1
1 − 𝑣𝑣2

−
𝑣𝑣2

1 − 𝑣𝑣2

�. 

The tensor is never zero (which is a major difference between Einstein’s 
Tensor): 

𝑃𝑃𝜏𝜏 ≠ 0, 
and its magnitude is always one 
|𝑃𝑃𝜏𝜏| = 1. 

also, it is undefined, when lim
𝑣𝑣→1

(1 − 𝑣𝑣2) and lim
𝜆𝜆→1

(1 − 𝜆𝜆2). 

A long approach was taken to obtain a familiar result; the time en-
ergy/momentum tensor is equal to the metric tensor for the time manifold, 

𝑃𝑃𝜏𝜏𝜏𝜏 = 𝑔𝑔𝜏𝜏𝜏𝜏. 
The metric of the time manifold is therefore identical to its energy–mo-

mentum tensor. As a result, Eq. (6) is trivially satisfied, and the dynamical 
content of the theory is carried entirely by the unitary constraint, restated as 
a law of nature: 
It is a law of nature that the magnitude of the velocity in time of all particles 
is constant. 
4.3. Unitary Trajectories in the Time Manifold 

In Einstein’s GR, the solution of the field equations is the spacetime 
metric, and particles move along geodesics of the curved spacetime mani-
fold. In the present framework, a different hypothesis was adopted. 

Postulate C. Particles move in the time manifold along trajectories that 
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satisfy the unitary constraint imposed by the constant magnitude of tem-
poral velocity. 

Since the metric of the time manifold is known and flat, the equations 
of motion of particles in time can be computed explicitly with respect to one 
another in the presence of a gravitational field. The procedure for construct-
ing solutions is as follows: 
1. Define the gravitational field being observed. For instance: in the ab-

sence of gravity ∇𝜙𝜙 = 0,𝜌𝜌 cos(𝜒𝜒) = 1; a particle free falling in a grav-
itational field of a point mass in a vacuum ∇𝜙𝜙 = 𝑀𝑀𝑀𝑀

𝑟𝑟2
,𝜌𝜌 cos(𝜒𝜒) = −1; 

etc. 
2. Select a reference frame (can be the reference frame of another particle 

but must not be). The solution of the equations would always be relative 
to a reference frame being chosen. 

3. Select a particle with an initial state with respect to the selected refer-
ence frame (𝑣𝑣0, 𝑡𝑡0,𝜌𝜌0).  There is a slight change in how we think about 
𝜌𝜌 between the special and general case. When gravity is present, 𝜌𝜌 =
−1 if the direction of motion is in the direction of the gravitational field, 
otherwise 𝜌𝜌 = 1. 

4. Find the equation for the magnitude of the velocity of the particle be-
tween both reference frames as a function of the gravitational field with 
respect to the observer reference frame: 

𝑣𝑣(𝑡𝑡) = 𝐹𝐹(𝜙𝜙(𝑡𝑡)) 
5. Use the unitary constraint given by the velocity of a particle in the time 

manifold to calculate the invariant distance between the particle and the 
reference frame being selected. This is the integral of the real compo-
nent of time of the particle’s reference frame with respect to the ob-
server’s reference frame along the trajectory found before. 

𝑡𝑡′ = �
𝜌𝜌

�1 − �𝑣𝑣(𝑡𝑡)�
2
𝑑𝑑𝑑𝑑 

6. Afterwards, the unitary constraint is used to find the equation for the 
parallel distance travelled in space (not to be confused with radius) 
which is equal to the imaginary distance in time: 
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(𝑥𝑥′)2 = 1 + (𝑡𝑡′)2 
Step 4 is not coordinate invariant; it is specifically related to the two 

particles (reference frames) selected. For instance, if a comparison is se-
lected with the inertial reference frame of any particle, there would always 
be the result that minimizes the action when both phases remain the same, 
regardless of whether the particle is free falling in a gravitational field or 
not. When step 5 is used in this trivial case, an invariant is obtained. All 
reference frames agree that the particle has not moved relative to its own 
reference frame, or in other words, the proper distance between the particle 
and the reference frame being selected would be invariant. 

The preceding work has focused solely on the time manifold but it can 
always be linked to the space manifold. This is because by knowing the 
derivative of the phase in time, the velocity in space is known at all given 
points of time. Spacetime is a projection of a 2-dimensional time manifold 
onto a 3-dimensional space manifold. This is because the metric for the time 
manifold is known, and it is always flat and only two dimensional. The 
whole process to find solutions in the time manifold is much simpler than 
in GR. However, the solution to the field equations in time is not trivial for 
two reasons: 
1. The phase in time is a function of the gravitational field (and any other 

forces acting on the particle) and can be very complex for complex grav-
itational fields. At the same time, the gravitational field is a function of 
the phase in time. This is equivalent to the statement made for GR that: 
“matter tells the phase in time (and space) how to change and the change 
in the phase in time (and space) determines how matter moves”. 

2. The change in the phase depends on the change of the angle between the 
gravitational field and the velocity vector in the trajectory of a particle 
in space because only their parallel component has an effect in the time 
dimension 

(𝜙𝜙𝐺𝐺∥ = cos(𝜒𝜒)𝜙𝜙).  

In most situations, there are multiple significant masses with different 
velocities, making it difficult to find the equation for 𝜒𝜒. Simplifications to 
the gravitational field, such as Schwarzschild did with a point mass in a 
vacuum, are needed to obtain generalized solutions.  
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5. SOLUTION OF THE SPECIAL CASE 
Let us verify whether the approach developed in the preceding sections 

yields the correct description of particle motion in the absence of a gravita-
tional field. The first step is to specify the gravitational field. In this special 
case, no gravitational field is present and therefore, 

𝜙𝜙 = 0. 
Secondly, an observer is selected in an inertial reference frame, that is, 

a frame undergoing no acceleration. 
Thirdly, a particle is considered moving with constant velocity relative 

to this observer. The state of the particle at time 𝑡𝑡0, as measured in the ob-
server’s frame, is specified by, 
[𝑣𝑣 = 𝑣𝑣0,𝜌𝜌 = 1, 𝑡𝑡 = 𝑡𝑡0]. 

The objective is to determine the trajectory of the particle from 𝑡𝑡 = 𝑡𝑡0 
to 𝑡𝑡 = 𝑡𝑡1. Since the velocity is constant, the derivative of the phase in time 
is given by, 

𝜃̇𝜃 = tan−1(𝑣𝑣0), 

also, 𝜃̇𝜃 is a constant and therefore, 

0 = 𝜃̈𝜃. 
The final step is to compute the invariant temporal separation between 

the particle and the observer after the elapsed time interval. This is obtained 
by integrating the real component of time along the trajectory, 

∆𝑡𝑡′ = �
1

�1 − 𝑣𝑣02

𝑡𝑡1

𝑡𝑡0
𝑑𝑑𝑑𝑑 

In this case, the integration is trivial because the velocity is constant, 
yielding, 

∆𝑡𝑡′ =
𝑡𝑡1 − 𝑡𝑡0
�1 − 𝑣𝑣02

 

Therefore, the standard special-relativistic time-dilation formula is 
recovered. This confirms that the time-manifold formulation reproduces the 
correct inertial limit. In the low-velocity limit 𝑣𝑣0 ≪ 1 , the expression 
reduces to Newton’s result, 
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𝑡𝑡′ = 𝑡𝑡. 
6. CONSTANT GRAVITATIONAL FIELD 

A constant gravitational field models the physical situation experienced 
in a uniformly-accelerated reference frame, such as an observer in an 
accelerating elevator, or approximately by an observer at rest near the 
surface of the Earth. Within the current framework, this corresponds to a 
gravitational potential that grows linearly with time, 

𝜙𝜙(𝑡𝑡) = 𝑔𝑔𝑔𝑔. 
The corresponding gradient of the gravitational potential is therefore 

constant, 

∇𝜙𝜙(𝑡𝑡) =
𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝜕𝜕

= 𝑔𝑔. 

A reference frame is selected that is not accelerating with respect to the 
gravitational field. The particle under consideration is initially at rest 
relative to this frame and propagates in the direction of the gravitational 
field. Its initial state is specified by, 
[𝑣𝑣0 = 0, 𝜌𝜌 = −1, 𝑡𝑡 = 𝑡𝑡0 = 0]. 

The derivative of the phase in time is a function of the particle’s velocity, 
which itself evolves due to the gravitational field. For a constant 
gravitational field, the velocity increases linearly with time, 

0 ≤ 𝑣𝑣(𝑡𝑡) = (𝑣𝑣0 + 𝑔𝑔𝑔𝑔) < 1. 
Now, the invariant temporal separation is computed between the particle 

and the reference frame. Using the unitary constraint, this is given by, 

𝑡𝑡′ = 𝜌𝜌�
1

�1 − (𝑔𝑔𝑔𝑔)2
𝑑𝑑𝑑𝑑 

Carrying out the integration yields, 

𝑡𝑡′ =
𝜌𝜌
𝑔𝑔

arctanh(𝑔𝑔𝑔𝑔) 

Equivalently, this result may be expressed in logarithmic form as, 

𝑡𝑡′ =
𝜌𝜌

2𝑔𝑔
ln �

1 + 𝑔𝑔𝑔𝑔
1 − 𝑔𝑔𝑔𝑔

� 
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This is precisely the expected result for uniformly-accelerated motion, 
consistent with the standard relativistic description of constant proper 
acceleration. The agreement confirms that the time-manifold formalism 
correctly reproduces known results in the presence of a constant 
gravitational field. 
7. CONSTANT PHASE IN TIME IN A CONSTANT 
GRAVITATIONAL FIELD 

Now, the complementary situation is considered in which a particle 
remains at a constant phase in time despite the presence of a constant 
gravitational field. This case illustrates how gravitational effects can act 
purely through spatial phase evolution, consistent with Postulate B and 
familiar physical situations, such as circular motion or static support in a 
gravitational field. In this case, a particle is considered whose phase in time 
does not change, meaning that its velocity remains constant. Physically, this 
corresponds either to motion perpendicular to the gravitational field or to a 
situation in which an external force balances gravity, keeping the particle at 
rest with respect to the field. 

The gravitational field and its gradient are the same as those introduced 
previously, 

𝜙𝜙(𝑡𝑡) = 𝑔𝑔𝑔𝑔, 
with constant gradient, 

∇𝜙𝜙(𝑡𝑡) =
𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝜕𝜕

= 𝑔𝑔. 

Again, a reference frame is selected that is not accelerating with respect 
to the gravitational field. The particle under consideration has the initial 
state, 
[𝑣𝑣 = 𝑣𝑣0,𝜌𝜌 = 1, 𝑡𝑡 = 𝑡𝑡0 = 0]. 

In this configuration, the particle’s velocity does not depend on the 
gravitational field, 

𝑣𝑣(𝑡𝑡) = 𝑣𝑣0. 
As a result, the phase in time remains constant, and the evolution of the 

time phase is identical to that of the inertial special-relativistic case. The 
invariant temporal separation between the particle and the reference frame 



Steinvorth and Mardan 

19 School of Sciences 
Volume 10 Issue 1, 2026 

is therefore given by, 

∆𝑡𝑡′ = �
1

�1 − 𝑣𝑣02

𝑡𝑡1

𝑡𝑡0
𝑑𝑑𝑑𝑑. 

Since the velocity is constant, the integration is trivial, yielding, 

∆𝑡𝑡′ =
𝑡𝑡1 − 𝑡𝑡0
�1 − 𝑣𝑣02

. 

At first sight, this may appear counterintuitive in the presence of a 
gravitational field. However, the result follows directly from Postulate B, 
which states that only the component of gravity parallel to the direction of 
motion affects the phase in time.  
8. GRAVITATIONAL FIELD OF A POINT MASS IN A VACUUM 
(SCHWARZSCHILD-REFINED SOLUTION) 

Consider a test particle freely falling towards a spherically-symmetric 
massive object, such as a black hole, in vacuum. The gravitational field 
generated by the test particle itself is neglected, as its mass is assumed to be 
negligible compared to that of the central object. The gravitational field 
depends on the mass of the source 𝑀𝑀 and the radial separation 𝑟𝑟 between 
the particle and the source. For clarity, we begin with the case of a photon, 
for which the spatial and temporal separations coincide, 

Δ𝑟𝑟 = Δ𝑡𝑡. 
In this representation, the gravitational field may therefore be expressed 

as a function of the temporal separation between the source and the photon. 
For a photon, the relation between wavelengths measured in two reference 
frames with relative velocity 𝑣𝑣0at a given instant is 

𝜆𝜆′ = (1 − (𝑣𝑣0)2)𝜆𝜆. 
In the case of a constant gravitational field, as discussed in sections 6 

and 7, the velocity is induced by the gravitational potential, yielding 

𝜆𝜆′ = (1 − (𝑔𝑔𝑔𝑔)2)𝜆𝜆. 
Newton’s Law of Universal Gravitation is: 

𝐹𝐹 = 𝑚𝑚𝑚𝑚 =  −
𝑚𝑚𝑚𝑚𝑚𝑚
𝑟𝑟2

= −𝑚𝑚∇𝜙𝜙 =
𝑚𝑚𝑣𝑣2

𝑟𝑟
. 
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∇𝜙𝜙 =
𝑀𝑀𝑀𝑀
𝑟𝑟2

=
𝑣𝑣2

𝑟𝑟
. 

𝑣𝑣2 =
𝑀𝑀𝑀𝑀
𝑟𝑟

. 

Since we are looking at the photon, we can also write: 

𝑣𝑣2 =
𝑀𝑀𝑀𝑀
𝑡𝑡

. 

We can substitute in the frequency transformation to obtain: 

𝜆𝜆′ = �1 − �
𝑀𝑀𝑀𝑀
𝑡𝑡
�� 𝜆𝜆, 

𝜆𝜆′ = �1 − �
𝑀𝑀𝑀𝑀
𝑡𝑡
�� 𝜆𝜆. 

In the weak-field limit, that is, when 𝑡𝑡 → ∞ , the expected result is 
obtained, the frequency of light is constant in the absence of a gravitational 
field. As the gravitational field becomes large, 𝑡𝑡 → 𝑀𝑀𝑀𝑀, the frequency of 
the photon decreases. However, the equations for time place a limit for this 
decrease because the longest allowable wavelength of a photon is 1 2⁄ : 

𝜆𝜆′ = �1 − �
𝑀𝑀𝑀𝑀
𝑡𝑡
�� 𝜆𝜆, 𝜆𝜆′ ≥  

1
2

. 

Therefore, the smallest time allowed is: 

𝑟𝑟𝑆𝑆 = 𝑡𝑡𝑆𝑆 = 2𝑀𝑀𝑀𝑀, 
and setting this as the limit for velocity: 

0 ≤ 𝑣𝑣(𝑡𝑡) <
𝑀𝑀𝑀𝑀
𝑡𝑡𝑆𝑆

=
1
2

. 

The researchers selected the observer reference frame as sitting at rest 
sharing an origin with a massive particle that was being observed. The 
particle being observed had the following initial state: 
[𝑣𝑣 = 𝑣𝑣0,𝜌𝜌 = 1, 𝑡𝑡0 = 𝑡𝑡0′ ]. 

The motion of the particle in time is governed by the following integral: 
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𝑡𝑡′ = �
𝜌𝜌

�1 −𝑀𝑀𝑀𝑀
𝑡𝑡

𝑡𝑡

𝑡𝑡0
𝑑𝑑𝑑𝑑, 

However, as seen before, 𝑡𝑡 is shifted since its minimum occurs at the 
event horizon, 𝑡𝑡𝑆𝑆: 

𝑡𝑡′ = �
𝜌𝜌

�1 − 2𝑀𝑀𝑀𝑀
𝑡𝑡

𝑡𝑡

𝑡𝑡0
𝑑𝑑𝑑𝑑, 

𝑡𝑡′ = �
𝜌𝜌

�1 − 𝑡𝑡𝑆𝑆
𝑡𝑡

𝑡𝑡

𝑡𝑡0
𝑑𝑑𝑑𝑑, 

𝑡𝑡′ = �𝑡𝑡(𝑡𝑡 − 𝑡𝑡𝑆𝑆) + 𝑡𝑡𝑆𝑆 ln��𝑡𝑡 − 𝑡𝑡𝑆𝑆 + √𝑡𝑡� − �𝑡𝑡0(𝑡𝑡0 − 𝑡𝑡𝑆𝑆)
+ 𝑡𝑡𝑆𝑆 ln��𝑡𝑡0 − 𝑡𝑡𝑆𝑆 + �𝑡𝑡0�. 

As expected, far away from the event horizon, the impact of the second 
term in the radical becomes insignificant and the Newtonian time is 
obtained. The metric is: 

𝑃𝑃𝜏𝜏 =

⎣
⎢
⎢
⎢
⎢
⎡

𝜌𝜌

1 − 𝑡𝑡𝑆𝑆
𝑡𝑡

−
𝜌𝜌 𝑡𝑡𝑆𝑆𝑡𝑡

1 − 𝑡𝑡𝑆𝑆
𝑡𝑡 ⎦
⎥
⎥
⎥
⎥
⎤

 

𝑃𝑃𝜏𝜏 =

⎣
⎢
⎢
⎡

𝜌𝜌𝜌𝜌
𝑡𝑡 − 𝑡𝑡𝑆𝑆

−
𝜌𝜌𝑡𝑡𝑆𝑆
𝑡𝑡 − 𝑡𝑡𝑆𝑆⎦

⎥
⎥
⎤
 

This result differs structurally from the Schwarzschild metric in GR, 
which is expected since curvature of spacetime is not a dynamical variable 
in the current framework. Nevertheless, both descriptions agree on key 
physical features: the existence of an event horizon, the Newtonian limit at 
large radius, and the loss of observational access beyond the horizon. In 
contrast to Einstein gravity, the divergence at the horizon is not attributed 
to curvature singularities, rather to limitations on phase-based observability 
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in the time manifold. As a result, information beyond the horizon is not 
dynamically-encoded for external observers, while the underlying geometry 
remains flat. 
9. GENERAL RELATIVITY (GR) EQUATIONS FOR THE SPACE 
DIMENSIONS 
9.1. Angular Momentum and Gravity in the Space Manifold 

Up to this point, the analysis focused on the dynamics in the time man-
ifold, from which invariant temporal distances and energy–momentum re-
lations emerge. The study now turns towards the space manifold and shows 
how angular momentum and gravitational bending arise naturally from 
phase evolution in space while remaining consistent with the invariants al-
ready established in the time sector.  

The solutions discussed in previous sections are always defined relative 
to a chosen reference frame. The study calculated the change in the phase 
in time interpreted as the velocity or frequency of the observed particle and 
the invariant distance in the time manifold between the particle and the ref-
erence frame. Although different observers may assign different coordinate 
descriptions, all observers agree on the proper distance in the time manifold, 
reflecting the invariant structure established earlier. 

In direct analogy with proper time in the time manifold, now an invari-
ant quantity in the space manifold is sought that can be used to determine 
the spatial trajectory of a particle relative to a chosen reference frame. This 
invariant should be related to angular momentum, in the same way that 
proper time is related to energy–momentum. Since angular momentum is 
naturally described in spherical geometry, polar spherical coordinates 
(𝑟𝑟,𝜃𝜃𝑠𝑠 ,𝜑𝜑) are adopted. The subscript on 𝜃𝜃𝑠𝑠 is introduced to avoid confusion 
with the time-phase variable 𝜃𝜃. The metric of flat three-dimensional space 
is 

�
1 0 0
0 1 0
0 0 1

� 

With a vector of quantum numbers 𝛽𝛽𝑖𝑖 determining the sign (±1) of the 
angular momentum between two particles [12]: 
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�
𝛽𝛽𝑥𝑥
𝛽𝛽𝑦𝑦
𝛽𝛽𝑧𝑧
� 

The metric in polar spherical coordinates is (to simplify the equation, 
let’s ignore for the time being 𝛽𝛽): 

𝑑𝑑𝑆𝑆2 = 𝑑𝑑𝑟𝑟2 + 𝑟𝑟2𝑑𝑑𝜃𝜃𝑠𝑠2 + 𝑟𝑟2 sin2 𝜃𝜃𝑠𝑠𝑑𝑑𝜑𝜑2 
This quantity is not invariant under changes of reference frame, since 

different observers would not generally agree on the value of the radial co-
ordinate 𝑟𝑟. However, all observers do agree on the instantaneous perpendic-
ular distance between two particles moving relative to one another. Equiv-
alently, for a particle moving with respect to a reference frame, the instan-
taneous perpendicular separation is observer-independent. This invariant 
distance is denoted by 𝑏𝑏, 

𝑏𝑏   →   invariant. 
This invariance also implies that the instantaneous rate of change of this 

perpendicular distance is invariant, 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝛽𝛽𝛽𝛽𝛽𝛽

√1 − 𝑣𝑣2𝑑𝑑𝑑𝑑
⟶ invariant, 

where 𝑏𝑏 is related to the derivative of the phase in space, and at that time 
[12]. It has been shown that in CSR the following is an invariant: 

𝛽𝛽𝑟𝑟2𝛼̇𝛼. 
This angle was named as the phase in space. Postulate B, introduced 

previously, states that only gravity perpendicular to the direction of motion 
of a particle changes its phase in space. 

The minimum perpendicular distance of a particle moving in a straight 
line with respect to a stationary reference frame is: 

• 𝐫𝐫(𝑡𝑡)= position vector of the particle 

• 𝐯𝐯= constant velocity vector (straight-line motion) 

The perpendicular distance 𝑏𝑏 from the origin to the line of motion is 

𝑏𝑏 =
∣ 𝐫𝐫 × 𝐯𝐯 ∣
∣ 𝐯𝐯 ∣

∝ 𝛽𝛽𝑟𝑟2𝛼̇𝛼. 
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This is coordinate-independent and works in any coordinate system. 
Let’s summarize the information that we already have from the analysis in 
time: 
1. The researchers looked at a particle with a set of initial conditions in-

cluding a given direction in space (𝑟𝑟0,𝜃𝜃𝑠𝑠0,𝜑𝜑0). 
2. A reference frame was selected to observe the particle.  The reference 

frame was chosen for calculational convenience (the researchers could 
have chosen any reference frame they liked but the mathematics in-
volved can be much more complex depending on the choice). 

3. There was a gravitational field which was defined for the time dimen-
sion �𝜙𝜙(𝑡𝑡)�. 

4. The distance in time was calculated between the reference frame and the 
particle that was being observed 𝑡𝑡′ = 𝐹𝐹(𝑡𝑡).  

5. There was a parallel distance that the particle moved in space relative to 
the chosen reference frame ((𝑥𝑥′)2 = 1 + (𝑡𝑡′)2). 
From this starting point, there is a need to find the trajectory of the par-

ticle in space.  This trajectory is encoded in some function like: 

𝛽𝛽𝑟𝑟2𝛼̇𝛼. 
In special relativity, only one angle was selected, since there was no 

acceleration, and straight-line motion could be described using two dimen-
sions (the radius and one angle). The researchers adjusted this to include an 
additional degree of freedom when they had acceleration: 

𝛽𝛽𝑟𝑟2�𝜃̇𝜃𝑠𝑠2 + sin2(𝜃𝜃𝑠𝑠)𝜑̇𝜑2. 

This quantity was identified as the angular momentum per unit mass of 
the particle with respect to the chosen reference frame. It is therefore an 
invariant and is valid in any coordinate system. The next postulate is a nec-
essary condition of the constant velocity of particles in time. 
9.2. Particles Move in the Space Manifold along a Trajectory that Min-
imizes the Change in the Phase of Space.   

Accordingly, the trajectory of the particle in space depends on the action 
equation 
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𝐴𝐴 = 𝑚𝑚� 𝛽𝛽𝑟𝑟2�𝜃̇𝜃𝑠𝑠2 + sin2(𝜃𝜃𝑠𝑠)𝜑̇𝜑2
𝑡𝑡

𝑡𝑡0
 

Given Postulate B, both 𝜃̇𝜃𝑠𝑠 and 𝜑̇𝜑 depend on sin (𝜒𝜒) 𝜙𝜙(𝑡𝑡), where 𝜒𝜒 is 
the angle between the velocity vector and the gravitational field. As in Ein-
stein’s field equations, the resulting equations can become highly-nontrivial, 
and simplified gravitational fields are required to obtain closed-form solu-
tions. 

Crucially, the spatial phase metric obtained here coincides with the an-
gular sector of the Schwarzschild metric. As a result, predictions related to 
spatial bending, such as the deflection of light and the relationship between 
velocity and radius agree with those obtained from Einstein’s GR, even 
though spacetime curvature plays no dynamical role in the present formu-
lation. 

The researchers explained in detail in a previous study [12] how a col-
lision was predicted by our equations when two particles try to occupy the 
same position in space at the same time. The result is the same for CGR. If 
two particles are on a collision course, all observers agree that when they 
approach the collision 𝑟𝑟 ⟶ 0. However, at that same time, since the parti-
cles are on a collision course, by definition, 𝑏𝑏 𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝜀𝜀, where 𝜀𝜀 is 
governed by the uncertainty principle [12]. Therefore, the phase in time be-
comes undefined because sin−1 �𝑏𝑏

𝑟𝑟
� = sin �0

0
� ⟶ 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 and the un-

certainty principle would be violated, and the action would spike at one 
point towards ∞. 
10. COMPARISON BETWEEN THE COMPLETED THEORY OF 
GENERAL RELATIVITY (CGR) AND EINSTEIN’S GENERAL 
RELATIVITY (GR) 

Having developed the dynamical framework and explicit solutions of 
the CGR, the study now provides a direct comparison with Einstein’s GR. 
The purpose of this comparison is twofold: to demonstrate agreement with 
experimentally-tested predictions of GR, and to clarify the conceptual and 
structural differences introduced by the present reformulation. 

Any viable theory of gravitation must reproduce the empirically-veri-
fied predictions of GR in the regimes where GR has been tested. CGR is 
required to recover established phenomenology of GR while providing a 



Completed General Relativity 

26 
Scientific Inquiry and Review 

Volume 10 Issue 1, 2026 
 

different underlying dynamical interpretation. 
Within the framework developed in this work, CGR reproduces follow-

ing experimentally-confirmed predictions of GR 

• Predicts event horizon and formation of a black hole 

• Predicts same Schwarzschild Radius: 2GM 

• Predicts bending of light 

• Predicts the gravitational red shift of light 

• It is consistent with Newton’s equations in the weak limit 
It has major implications and revisions to GR and its results: 

• There is no curvature of space time. Gravity is caused by the change in 
the phase of time and the phase of space. This occurs by the action of 
gravitons which also travel at the speed of light. 

• Space and time are only defined for a particle relative to other particles. 
The new theory is consistent with the rules of quantum mechanics and 
therefore provides in this case a better explanation of nature and exper-
imental results. 

• There is no singularity present in a black hole. Information about the 
motion of particles inside the event horizon is not possible to acquire for 
any observer and the position of all particles is undefined. 

11. DISCUSSION AND CONCLUSION  
The current study developed a completed reformulation of classical GR 

in which gravitational phenomena are described through phase dynamics on 
a two-dimensional time manifold, rather than through the curvature of 
spacetime. Building on a completed formulation of special relativity subject 
to a unitary constraint on temporal motion, the study extended the equiva-
lence principle to a phase-based framework and constructed gravitational 
dynamics from invariant action principles governing the evolution of phase 
in both time and space. 

Explicit equations of motion were derived and analytic solutions were 
obtained in several benchmark settings, including inertial motion, uni-
formly-accelerated motion, and a spherically-symmetric gravitational field. 
In each case, the theory reproduces the established phenomenology of GR 
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in regimes where it has been experimentally tested. In particular, the frame-
work yields the correct Newtonian limit in weak gravitational fields, pre-
dicts gravitational redshift and light bending, as well as identifies the same 
characteristic radius associated with event horizons. As a result, the com-
pleted theory is observationally-consistent with Einstein’s GR across all 
currently accessible tests. 

Despite this empirical agreement, the underlying dynamical interpreta-
tion differs fundamentally from that of Einstein gravity. In the present for-
mulation, spacetime curvature is not treated as a dynamical degree of free-
dom. Instead, gravitational effects arise from constrained phase evolution, 
subject to unitarity and invariant action principles, on an underlying flat 
time manifold. The geometric role played by curvature in GR is thus re-
placed by phase dynamics that encode gravitational influence without mod-
ifying the causal structure of spacetime. 

A significant consequence of this reformulation concerns the treatment 
of black holes and singularities. While event horizons remain well-defined 
and operationally-meaningful, curvature singularities do not arise. The in-
accessibility of information associated with regions beyond the horizon is 
attributed to limitations of phase-based observability rather than to diver-
gences of geometric invariants. So, the classical singularity problem identi-
fied by Penrose-type collapse theorems is addressed through a change in the 
fundamental dynamical variables rather than through modifications of 
spacetime topology or causal structure. 

Here, no claim is made to provide a complete theory of quantum gravity. 
Nevertheless, since phase and unitarity are foundational elements of quan-
tum mechanics, the phase-based structure developed here offers a natural 
and conceptually-economical starting point for future extensions. The 
framework suggests a setting in which relativistic gravitation and quantum 
dynamics may be formulated within a common language based on invariant 
phase evolution.  

Besides its formal formulation, the structure formulated in this work 
also has an obvious physical interpretation whereby gravity is not conceived 
as a curvature in spacetime but as a consequence of the evolution of particles 
in a background temporal structure with internal degrees of freedom. Here, 
every particle has a phase which is the dynamical state of that particle, and 
the gravitational effects are not due to geometry distortions but to variations 
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in the phase dynamics of the particle. The addition of a two-dimensional 
time is not to be considered as an additional observable dimension, however, 
as a revelation of a more profound structure of time, in which one factor is 
the more familiar flow of proper time and the other is the phase evolution. 
In this view, the redistribution of phase between time and space of motion 
is manifested in such phenomena as gravitational redshift, free fall, and the 
bending of light, as well as in others. The basic restriction which determines 
this evolution is such that it is consistent with relativistic invariance and 
conservation laws, and does not require the introduction of curvature as a 
dynamical variable. Consequently, the theory offers another perspective of 
explaining gravitation where classical predictions are maintained but 
singularities are substituted by physical observability limits, and the role of 
phase, which is already central in quantum theory, is made central in 
explaining gravitational dynamics. This interpretation indicates that there 
may be a conceptual gap between relativity and quantum mechanics, where 
both theories are formulated in the same language, the language of phase 
evolution and not of geometric structure. 
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