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1. CENTRAL PROPOSITION

In Pawan Upadhyay's Pressure Curvature Law of Gravity, the equation-of-state parameter w is
variable rather than constant.

The proposed relationship between gravitational pressure and energy density is:
P.g=wE_d

Where:

P_g = Gravitational pressure.

w = Variable equation-of-state parameter.
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E_d = Energy density.
2. ENERGY DENSITY EQUATION
Energy density is defined as:
E d=pc?
Where:
p = Mass density.
¢ = Speed of light in vacuum.

Therefore, substituting the energy density equation into the gravitational pressure equation
gives:

Pg=wE_d
Pg=wpc?
FINAL RELATIONSHIP:
Pg=wE d=wpc?
3. VARIABLE NATURE OF w

In my proposed law, w is not necessarily a constant. Its value may vary according to the
physical conditions of the gravitational system.

The characteristic approximate values considered are:

w~0
w~-1
w~1/3
w~-1/3
w~1

The approximation symbol (~) indicates that w may be near these characteristic values without
necessarily being exactly equal to them.

4. INTERPRETATION OF THE CHARACTERISTIC VALUES

w~0



Gravitational pressure is approximately zero relative to the energy density.

w-~-1

Gravitational pressure is approximately equal to the negative of the energy density.
w~1/3

Gravitational pressure is approximately one-third of the energy density.

w~-1/3

Gravitational pressure is approximately negative one-third of the energy density.
w~1

Gravitational pressure is approximately equal to the energy density.

These interpretations follow mathematically from P_g = w E_d. Their physical significance within
the proposed law requires further theoretical development.

5. VARIABLE PARAMETER AS A FIELD
If w varies with spatial position and time, it may be represented as:
w = w(x,Y, z, ct)
The gravitational pressure can then be expressed as:
P_a(x,y, z, ct) = w(x, y, z, ct) E_d(X, y, z, ct)
UsingE_ d=pc*
P_ga(x,y, z, ct) = w(x, Y, z, ct) p(x, y, z, ct) c2

This representation allows both the equation-of-state parameter and the energy density to vary
throughout spacetime.

6. RELATIONSHIP TO MY GRAVITATIONAL PRESSURE GRADIENT EQUATION
My proposed gravitational pressure gradient equation is:
F=-VP_g
Substituting P_g = w E_d gives:

F=-V(wE_d)



SinceE_ d=pc=

F=-V(wpc?

If c is constant, the equation becomes:
F = -c*V(wp)

Applying the product rule:
F=-cl[wVp+pVw]

This expression shows that the proposed field force density depends on both the spatial
variation of mass density and the spatial variation of the equation-of-state parameter w.

7. DIMENSIONAL CONSISTENCY
Gravitational pressure:
[P_g] =Pa=N/m?
Energy density:
[E_d] = J/m*=N/m?
The equation-of-state parameter w is dimensionless.
Therefore, the relationship
Pg=wE_d
is dimensionally consistent.

The equation E_d = p c? is also dimensionally consistent because mass density multiplied by
the square of the speed of light has units of energy per unit volume.

8. CONCLUSION

My proposed Pressure Curvature Law of Gravity uses the following relationships:

E d=pc?
Pg=wE.d
Pg=wpc?

F=-VP_g



F=-V(wE_d)
F = -c2V(wp)

The equation-of-state parameter w is proposed to be variable rather than universally constant.
Its variation can affect gravitational pressure and, through the pressure gradient, the field force
density.

These equations form a mathematical framework for the proposed model. Establishing a new
physical law would require a complete theoretical derivation, clearly specified assumptions, and
predictions that can be tested against observations and established gravitational physics.

Special Notes about Mass Density

SPECIAL NOTES ON MASS DENSITY (p) AND ENERGY DENSITY (E_d) IN PAWAN
UPADHYAY'S PRESSURE CURVATURE LAW OF GRAVITY

1. DEFINITION OF MASS DENSITY (p)

In Pawan Upadhyay's Pressure Curvature Law of Gravity, the symbol p represents the mass
density of the physical system or matter under consideration.

The meaning of p depends on the object, matter, or larger system being investigated.
The corresponding energy density is defined as:
E d=pc?
Where:
p = Mass density of the specified physical system.
¢ = Speed of light in vacuum.
E_d = Energy density associated with the specified mass density.
2. MASS DENSITY OF EARTH
When investigating Earth, p represents the mass density of Earth.
The corresponding energy density is:

E_d =p_Earth c?



Here, p_Earth represents the mass density assigned to Earth in the model, and E_d represents
the associated energy density.

If an average density is used, it represents Earth's average mass per unit volume. If a local
density is used, it represents the mass density at a particular location within Earth.

3. MASS DENSITY OF THE SUN
When investigating the Sun, p represents the mass density of the Sun.
The corresponding energy density is:
E d=p Sunc?

Here, p_Sun represents the mass density assigned to the Sun, and E_d represents the
corresponding energy density.

The density may refer to the Sun's average density or its local density, depending on the
physical analysis.

4. MASS DENSITY OF A NEUTRON STAR
When investigating a neutron star, p represents the mass density of the neutron star.
The corresponding energy density is:
E d=p NS¢?

Here, p_NS represents the mass density of the neutron star, and E_d represents the associated
energy density.

The density may vary significantly throughout a neutron star. Therefore, a local density profile
may be required for a detailed investigation.

5. TOTAL MASS DENSITY OF ALL MATTER IN THE UNIVERSE

When investigating all matter within a specified universe-wide domain, p represents the total
mass density of that matter, expressed as mass per unit volume.

The corresponding energy density is:

E_d = p_matter,total c?

Here:

p_matter,total = Total mass density of the matter included in the specified domain.

E_d = Total energy density associated with that mass density under the mass-energy relation.



For a cosmological model, the domain and the definition of included matter must be specified.
For example, the matter component may include ordinary matter and dark matter, while
radiation and other energy components may need to be accounted for separately.

6. TOTAL MASS-EQUIVALENT DENSITY

If p represents the total mass-equivalent density of a specified physical system, then E_d
represents the total energy density associated with that mass-equivalent density.

The relationship is:
E_d=pc?

In this case, p includes the mass-equivalent contribution of the energy components specified by
the model.

The total energy density must be defined consistently to avoid counting the same energy
contribution more than once.

7. RELATIONSHIP TO MY GRAVITATIONAL PRESSURE EQUATION

My proposed equation is:

P g=wE d
Since:
E d=pc?

Substituting gives:

P_g = wpc?

Where:

P_g = Gravitational pressure.

w = Variable equation-of-state parameter.

p = Mass density or mass-equivalent density of the specified physical system.
¢ = Speed of light in vacuum.

E_d = Corresponding energy density.

Therefore, the gravitational pressure in my proposed model depends on the equation-of-state
parameter and the specified mass density.



8. APPLICATION TO MY PRESSURE CURVATURE LAW OF GRAVITY
My proposed gravitational pressure gradient equation is:
F=-VP_g
Substituting the pressure relationship:
F = -V (wpc?)
If ¢ is constant:
F =-c*V(wp)
This formulation allows the pressure gradient to depend on spatial variations in both w and p.

For a particular object, such as Earth, the Sun, or a neutron star, p must be defined for that
object and the relevant spatial domain.

For a cosmological application, p must represent the mass density or mass-equivalent density
defined for the universe-wide domain being studied.

9. FINAL SUMMARY
The central energy-density relationship in my proposed model is:
E d=pc?

The corresponding gravitational pressure relationship is:

P g=wEd
Therefore:
P_g = wpc?

The meaning of p depends on the physical system under investigation:
* Earth: p represents Earth's mass density.

» Sun: p represents the Sun's mass density.

* Neutron star: p represents the neutron star's mass density.

* All matter in a specified universe-wide domain: p represents the total mass density of that
matter.



* Total mass-equivalent density: p represents the mass-equivalent density corresponding to the
energy components included in the model.

In every case, E_d represents the energy density associated with the defined p under the
relationship E_d = pc2.

These definitions establish how mass density and energy density are used in my proposed
Pressure Curvature Law of Gravity. The physical predictions of the law require further theoretical
development and comparison with observations.

SPECIAL NOTES ON MASS DENSITY (p) AND ENERGY DENSITY (E_d) IN PAWAN
UPADHYAY'S PRESSURE CURVATURE LAW OF GRAVITY

CASE 1: TOTAL MASS DENSITY OF MATTER
1. Definition of p

When investigating the total matter within a specified universe-wide domain, p represents the
total mass density of that matter.

This includes the mass density of the matter components considered in the model, such as
ordinary matter and dark matter.

2. Energy Density
The total energy density associated with the total mass density of matter is defined as:
E_d = p_matter,total c?
Where:
p_matter,total = Total mass density of matter within the specified domain.
¢ = Speed of light in vacuum.
E_d = Energy density associated with the total mass density of matter.
3. Gravitational Pressure
In my proposed Pressure Curvature Law of Gravity:
P g=wE_d
Substituting the energy-density relationship:

P_g = wp_matter,total c?



Where:

P_g = Gravitational pressure.

w = Variable equation-of-state parameter.
4. Interpretation

In this case, p represents the total mass density of matter, and E_d represents the
corresponding rest-mass energy density under the relationship E_d = pc2.

Other contributions to the total cosmic energy density, such as radiation or dark energy, must be
included separately if they are part of the model's definition of total energy density.

CASE 2: TOTAL MASS-EQUIVALENT DENSITY
1. Definition of p

When investigating the total mass-equivalent density of a specified physical system, p
represents the mass-equivalent density corresponding to the energy components included in
the model.

Unlike the matter-only case, this definition can include the mass-equivalent contributions of
non-matter energy components, provided that they are explicitly defined and consistently
accounted for.

2. Energy Density
The total energy density associated with the total mass-equivalent density is:
E_d = p_mass-equivalent c?
Where:
p_mass-equivalent = Total mass-equivalent density of the specified system.
¢ = Speed of light in vacuum.
E_d = Total energy density represented by that mass-equivalent density.
3. Gravitational Pressure
In my proposed Pressure Curvature Law of Gravity:
P g=wE_d

Substituting the energy-density relationship:



P_g = wp_mass-equivalent c?

Where:

P_g = Gravitational pressure.

w = Variable equation-of-state parameter.
4. Interpretation

In this case, p represents the mass-equivalent density associated with the energy components
included in the model, and E_d represents their corresponding total energy density.

The included components must be specified clearly to avoid double-counting energy
contributions.

COMMON RELATIONSHIP IN MY PROPOSED MODEL

For either case:

E d=pc?

P_g=wE_d

P_g = wpc?

F=-VP_g

Therefore:

F = -V (wpc?)

If c is constant:

F = -c*V(wp)

The distinction between the two cases lies in the definition of p:
CASE 1: p represents the total mass density of matter.

CASE 2: p represents the total mass-equivalent density of the specified energy components.

These two definitions must be kept separate when developing and testing my Pressure
Curvature Law of Gravity.




SPATIOTEMPORAL MASS DENSITY p(x, y, z, ct) IN PAWAN UPADHYAY'S PRESSURE
CURVATURE LAW OF GRAVITY

1. DEFINITION

In my proposed Pressure Curvature Law of Gravity, mass density is represented as a function of
spatial coordinates and time:

p=p(x Y,z ct)

Where:

p = Mass density or mass-equivalent density, depending on the case being investigated.

x = Spatial coordinate along the x-axis.

y = Spatial coordinate along the y-axis.

z = Spatial coordinate along the z-axis.

¢ = Speed of light in vacuum.

t = Time.

ct = Time expressed in length units using the speed of light.

This notation allows density to vary with spatial position and time.
2. CASE 1: TOTAL MASS DENSITY OF MATTER

For a specified physical system, p represents the local mass density of matter as a function of
position and time.

p_matter = p_matter(x, y, z, ct)
The corresponding rest-mass energy density is:
E_d(x, v, z, ct) = p_matter(x, y, z, ct)c?

For a universe-wide model, p_matter represents the total matter mass per unit volume at the
specified spacetime location, according to the chosen cosmological description.

3. CASE 2: TOTAL MASS-EQUIVALENT DENSITY
If p represents mass-equivalent density, it is expressed as:

p_mass-equivalent = p_mass-equivalent(x, y, z, ct)



The corresponding total energy density is:
E_d(x,y, z, ct) = p_mass-equivalent(x, y, z, ct)c?

In this case, the mass-equivalent density is defined from the energy components included in the
model.

The included components must be specified consistently to avoid double-counting energy.
4. RELATIONSHIP TO GRAVITATIONAL PRESSURE

My proposed equation is:

P g=wE_d

Using the spacetime-dependent density:

P_ga(x,y, z, ct) = w(x, y, z, ct)E_d(X, V, z, ct)

Since:

E_d(x,y, z, ct) = p(x, Y, z, ct)c?

The equation becomes:

P_g(x,y, z, ct) = w(x, Y, z, ct)p(x, Y, z, ct)c?
5. RELATIONSHIP TO THE GRAVITATIONAL FIELD FORCE DENSITY

My proposed gravitational pressure gradient equation is:

F=-VP_g

Substituting the spacetime-dependent gravitational pressure:

F(x,y, z, ct)=-VP_g(x, Y, z, ct)

Therefore:

F(x,y, z, ct) = =V[w(X, Y, z, ct)p(x, v, z, ct)c?]

If ¢ is constant:

F(x,y, z, ct) = —c2V (wp)

Applying the product rule:

F(x,y,z ct)=-cjwVp+pVw]



This expression shows that the proposed field force density depends on the spatial variation of
both the equation-of-state parameter w and the density p.

6. IMPORTANT MATHEMATICAL DISTINCTION
The notation p(x, y, z, ct) indicates that density may vary with spatial position and time.
However, the nabla operator V in my equation represents the spatial gradient only:
V = 1(8/9x) +j(8/dy) + k(d/9z)

Therefore, the equation calculates the spatial gradient of gravitational pressure rather than its
time derivative.

7. FINAL EQUATIONS
Spacetime-dependent density:
P =p(x, Y, z ct)

Energy density:

E_d(x,y, z, ct) = p(x, Y, z, ct)c?
Gravitational pressure:

P_g(x,y, z, ct) = w(x, y, z, ct)p(x, y, z, ct)c?
Gravitational field force density:

F(x,y, z, ct)=-VP_g(x, Y, z, ct)
Expanded form:

F(x,y, z,ct)=-cq[wVp+pVw]
CONCLUSION

In my proposed Pressure Curvature Law of Gravity, p(x, y, z, ct) represents a density field that
may vary throughout space and time. Its definition depends on whether the model describes the
mass density of matter or the mass-equivalent density associated with specified energy
components.

SPACETIME DIFFERENTIAL OPERATOR IN PAWAN UPADHYAY'S PRESSURE
CURVATURE LAW OF GRAVITY



1. INTRODUCTION

In my proposed Pressure Curvature Law of Gravity, physical quantities such as mass density,
energy density, and gravitational pressure may depend on spatial position and time.

These quantities can be represented as functions of spacetime coordinates:
P =p(x, Y,z ct)

E_d=E_d(x,Y, z, ct)

P_g=P_g(x, Y, z, ct)

To describe their spatial and temporal variations, | propose considering a spacetime differential
operator.

2. DEFINITION OF THE SPACETIME DIFFERENTIAL OPERATOR
The proposed operator is represented by the symbol D:
D =1(al0x) + j(0/dy) + k(dlaz) + H(ala(ct))
Where:
D = Spacetime differential operator.
T = Unit vector along the x-axis.
j = Unit vector along the y-axis.
k = Unit vector along the z-axis.
t = Formally defined unit direction associated with the time coordinate.
d/ox = Partial derivative with respect to x.
dloy = Partial derivative with respect to y.
d/oz = Partial derivative with respect to z.
dlo(ct) = Partial derivative with respect to the time coordinate expressed in length units.
Here, c represents the speed of light in vacuum, and t represents time.
3. EQUIVALENT FORM

Since:



alo(ct) = (1/c)(alet)

The proposed operator can be written as:

D = 1(9/dx) +j(9/dy) + k(a/dz) + (t/c)(alat)

This form expresses the temporal derivative using time t rather than the scaled coordinate ct.

4. DISTINCTION BETWEEN THE SPATIAL NABLA OPERATOR AND THE SPACETIME
OPERATOR

The standard spatial nabla operator is:

v O = 1(a/ox) + j(a/dy) + k(d/dz)

It contains only spatial derivatives.

The proposed spacetime differential operator includes an additional temporal derivative:
D= v O +t(a/d(ct))

Therefore, the two operators have different mathematical roles.

The spatial nabla operator describes spatial variations, whereas the proposed operator is
intended to represent both spatial and temporal variations.

5. APPLICATION TO MY GRAVITATIONAL PRESSURE
My proposed gravitational pressure equation is:
P_g=wE_d
Using the energy-density relationship:
E d=pc?
The gravitational pressure equation becomes:
P_g = wpc?
The gravitational pressure may depend on spacetime coordinates:
P g=P_g(x, Y, z, ct)
The proposed spacetime operator can be applied mathematically to gravitational pressure:

DP g



This expression represents a derivative object containing spatial and temporal information about
the pressure field.

6. RELATIONSHIP TO MY GRAVITATIONAL FIELD FORCE DENSITY EQUATION
My proposed gravitational field force density equation is:
F=-V0OP_g
Substituting the gravitational pressure equation:
F = -V O(wpc?)
If c is constant:
F = -c*V O(wp)
Applying the product rule:
F=-c’qwVdp+pVIHOw]

This equation uses the spatial gradient because F is defined as spatial gravitational field force
density.

The spacetime differential operator D can be studied separately if | wish to investigate the
temporal variation of gravitational pressure as part of a broader theoretical formulation.

7. DIMENSIONAL CONSIDERATIONS
The spatial derivatives d/dx, d/dy, and d/oz have units of inverse length.
The derivative d/9(ct) also has units of inverse length.

Therefore, the four derivative terms can be assigned consistent dimensions when their
coordinate and basis conventions are defined appropriately.

The resulting operator is a proposed mathematical construction. A fully relativistic interpretation
requires specifying the spacetime metric, the transformation properties of its components, and
the distinction between spatial and temporal components.

8. CONCLUSION
The proposed spacetime differential operator is:
D =1(d/0x) + j(0/dy) + k(d/oz) + H(a/a(ct))

Its equivalent form is:



D=v0O + (Hc)ala)

In my Pressure Curvature Law of Gravity, the spatial nabla operator remains appropriate for the
proposed force-density relationship:

F=-Vv0OP_g

The spacetime operator D provides a separate mathematical framework for investigating spatial
and temporal variations of gravitational pressure, mass density, and energy density.

This proposed operator requires further mathematical development before it can be interpreted
as a relativistic physical law.
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Abstract

This research paper presents a proposed mathematical framework for investigating gravitational
pressure and its spatial and temporal variations within Pawan Upadhyay’s Pressure Curvature
Law of Gravity. The framework considers mass density, energy density, gravitational pressure,
and gravitational field force density as physical quantities that may depend on spacetime
coordinates.

The central relationships considered are E_d = pc?, P_g=wE_d,and F=-VP_g, where E_d
represents energy density, p represents mass density or appropriately defined mass-equivalent
density, c represents the speed of light in vacuum, w represents a variable equation-of-state
parameter, P_g represents gravitational pressure, and F represents gravitational field force
density.

The research also introduces a proposed spacetime differential operator that combines
derivatives with respect to three spatial coordinates and a time coordinate expressed in length
units. The purpose of this operator is to provide a mathematical means of examining spatial and
temporal variations of gravitational pressure and related physical quantities.

The paper distinguishes the standard spatial gradient from the proposed spacetime differential
operator, examines dimensional consistency, derives the resulting pressure-gradient expression,



and identifies the theoretical conditions needed to develop a physically testable gravitational
model. The framework is presented as a proposed mathematical formulation rather than an
experimentally established law of gravity.

Keywords: Pressure Curvature Law of Gravity, Pawan Upadhyay, gravitational pressure,
spacetime differential operator, mass density, energy density, variable equation-of-state
parameter, gravitational field force density.

1. Introduction

Gravity is one of the fundamental interactions studied in physics. Classical mechanics describes
gravitational attraction through Newton's law of universal gravitation, while general relativity
describes gravity through the geometry of spacetime and the relationship between spacetime
curvature and energy-momentum. As per Pawan Upadhyay’s Pressure Curvature Law of
Gravity,Gravity is the pressure of existence shaping the geometry of being.

In continuum mechanics, pressure gradients also play an important role in determining force per
unit volume. This provides a mathematical starting point for investigating whether a
gravitational-pressure formulation can be constructed consistently.

Pawan Upadhyay’s proposed Pressure Curvature Law of Gravity considers gravitational
pressure as a physical quantity related to energy density through an equation-of-state
parameter. The framework further proposes that the spatial gradient of gravitational pressure
determines gravitational field force density.

The principal equations are:

E_d=pc?
P_g=wE_d
F=-V0OP_g

Combining these equations gives:
F=-V(wpc?)

The framework can be extended mathematically by allowing the quantities to depend on
spacetime coordinates:

P =p(x Y,z ct)
w = w(x,Y, z, ct)

P g=P _g(x,y, z, ct)



This formulation raises an important question: how can spatial variations and temporal
variations be represented within a common mathematical framework without confusing a spatial
force density with a spacetime derivative?

The present paper addresses this question by introducing a separate spacetime differential
operator and clarifying its mathematical role.

2. Objectives of the Research

The objectives of this research are:

1. To formulate the proposed relationship between mass density and energy density.
2. To express gravitational pressure through a variable equation-of-state parameter.

3. To derive the gravitational field force density from the spatial gradient of gravitational
pressure.

4. To introduce a mathematical operator containing spatial and temporal derivatives.
5. To examine the dimensional consistency of the proposed equations.
6. To distinguish the mathematical formulation from established physical laws.

7. To identify the theoretical and experimental work required to evaluate the proposed
model.

3. Definition of Spacetime Coordinates

The proposed framework uses the coordinates:
(x,y, z, ct)

The symbols are defined as follows:

x = Spatial coordinate along the x-axis.

y = Spatial coordinate along the y-axis.

z = Spatial coordinate along the z-axis.

t = Time.

¢ = Speed of light in vacuum.



ct = Time coordinate expressed in length units.
The quantity ct has dimensions of length because:
[c]=L/T

=T

Therefore:

[ct] =L

The coordinates x, v, z, and ct can consequently be expressed using the same physical
dimension.

However, ct remains a time coordinate expressed in length units. It does not represent an
additional ordinary spatial direction.

A spacetime-dependent density field can be written as:

p=p(x,Y, z ct)

This notation means that density may depend on both spatial position and time. It does not
require the density to change with time in every physical situation.

4. Mass Density and Energy Density

4.1 Definition of mass density
The symbol p represents the density specified for the physical system being investigated.
Depending on the application, it may refer to:

The local mass density of Earth.

The local mass density of the Sun.

The local mass density of a neutron star.

The mass density of matter in a cosmological model.

A consistently defined mass-equivalent density associated with specified energy
components.

For a spatially and temporally varying system, the density may be expressed as:

p=p(x,Y, z ct)

The physical interpretation of p must remain consistent with the selected system and its energy
components.



4.2 Energy-density relationship

The proposed framework uses:

E d=pc?

Here, E_d represents energy per unit volume associated with the specified density.

If p is ordinary rest-mass density, this equation gives the corresponding rest-mass energy
density.

If p is defined as a mass-equivalent density representing a broader collection of energy
components, the definition must specify which components are included.

This distinction is important in cosmology, where matter, radiation, and other energy
contributions may be treated separately.

4.3 Spacetime-dependent energy density

Using the spacetime-dependent density:

E_d(x,y, z, ct) = p(x, Y, z, ct)c?

Assuming c is constant, energy density can vary with position and time through variations in p.

This relationship provides the energy-density component of the proposed gravitational-pressure
formulation.

5. Variable Equation-of-State Parameter

5.1 Proposed definition
The proposed equation of state is:
P g=wE_d

Where:

P_g = Gravitational pressure.

w = Equation-of-state parameter.
E_d = Energy density.

Substituting E_d = pc? gives:



P_g = wpc?

The parameter w is dimensionless because gravitational pressure and energy density have the
same Sl units.

5.2 Variable nature of w

In the proposed framework, w is not assumed to be universally constant.

It may be represented as:

w = w(x,Y, z, ct)

The corresponding gravitational-pressure field becomes:

P_ga(x, y, z, ct) = w(x, Y, z, ct)p(x, Yy, z, ct)c?

This expression permits both w and p to vary across the specified spacetime domain.

A constant value of w remains a possible special case of the more general formulation.

5.3 Characteristic approximate values

The characteristic values considered in the proposed model are:

The approximation symbol indicates proximity to a characteristic value rather than exact
equality.

Under the conventional cosmological equation-of-state definition, these values are associated
with familiar reference regimes:

w = 0: pressureless matter.

w = —1: a cosmological-constant-like equation of state.

w = 1/3: radiation with negligible rest mass.

w = -1/3: a boundary value relevant to the acceleration condition in standard cosmology.
w = 1: a stiff-fluid equation of state.



These standard interpretations provide context; they do not independently establish that the
same regimes arise from the proposed Pressure Curvature Law of Gravity.

The physical interpretation of variable w within the proposed model must be derived from its
complete equations.

6. Gravitational Pressure Gradient Equation

6.1 Proposed equation

The central force-density relationship is:

F=-VOP_g

Here, V L denotes the spatial gradient:

Vv O = 1(alox) + j(aldy) + k(d/dz)

The symbols 1, , and k represent unit vectors along the three spatial axes.

The equation proposes that gravitational field force density is directed opposite to the spatial
gradient of gravitational pressure.

6.2 Physical dimensions

Gravitational pressure has units:

[P_g] = Pa=N/m?

Taking a spatial derivative introduces an additional inverse-length dimension:
[VOP_g] =Pa/m

Therefore:

[F1=N/m?

These units are appropriate for force per unit volume.

Thus, the proposed equation is dimensionally consistent when F is interpreted as a spatial
force-density vector.

6.3 Uniform and nonuniform pressure

If gravitational pressure is spatially uniform:



vOP_g=0

Consequently:

F=0

If gravitational pressure varies with position:
viadP g#0

The equation predicts a nonzero force density.

These are mathematical consequences of the proposed equation. Whether gravitational
pressure produces the corresponding force density in nature requires further physical
justification and testing.

7. Derivation of the Combined Pressure-Gradient
Equation

Starting with the proposed equations:

E_d=pc?
P_g=wE_d
F=-VOP_g

Substituting the energy-density relationship into the pressure equation gives:
P_g = wpc?

Substituting this result into the force-density equation gives:
F=-VQ(wpc?)

Because c is constant:

F=-c2vO(wp)

Applying the product rule for spatial differentiation:
VO(wp)=wVOp+pVHOw

Therefore:

F=-cwVQOp+pVIOw]



This is the expanded spatial force-density equation for the proposed framework.
It identifies two mathematical contributions:

1. A contribution associated with the spatial variation of density, weighted by w.

2. A contribution associated with the spatial variation of w, weighted by density.

If w is spatially constant, then:

vVOw=0

The expression reduces to:

F=-wccvVOp

If density is spatially constant but w varies, then:
F=-pc2VOw

These limiting cases illustrate how the two spatial variations contribute independently to the
proposed force-density expression.

8. Proposed Spacetime Differential Operator

8.1 Motivation

The spatial gradient accounts for variations along x, y, and z. It does not directly contain a
temporal derivative.

To examine both spatial and temporal variations, this research introduces a separate proposed
operator, denoted by D.

The operator is intended to act on quantities such as gravitational pressure, energy density, and
mass density.

8.2 Mathematical definition

The proposed operator is:

D = 1(8/0x) + j(9/dy) + k(8/dz) + t(ald(ct))

Here, tis a formally introduced basis direction associated with the time coordinate.

Since:



alo(ct) = (1/c)(alat)
An equivalent expression is:
D=v O+ (c)(alat)

This expression combines three spatial derivatives with a derivative with respect to the time
coordinate.

The operator is a proposed mathematical construction. Its interpretation as a relativistic
spacetime operator requires a precise definition of its basis, metric, transformation properties,
and component conventions.

8.3 Application to gravitational pressure
Applying the operator to gravitational pressure gives:
DP g

Using the proposed pressure equation:

DP_g = D(wpc?)

For constant c:

DP_g = c*D(wp)

Applying the product rule:

DP_g = cqwDp + pDw]

This equation provides a formal expression for combined spatial and temporal variations of
gravitational pressure.

It does not, by itself, establish that every component of DP_g represents a physical force.

9. Spatial and Temporal Components

The distinction between spatial and temporal derivatives is essential.
For gravitational pressure P_g(x, v, z, t), the spatial gradient is:

vV OP_g = (aP_glox)i + (9P_gldy)j + (0P_glaz)k

The temporal derivative is:

oP_glot



If the time coordinate is expressed as ct, the corresponding derivative is:
oP_glo(ct) = (1/c)(oP_glat)
These derivatives have different physical interpretations.

The spatial gradient measures how pressure changes across space. The temporal derivative
measures how pressure changes with time at a fixed spatial position.

Although their units can be made consistent by using ct as a coordinate, equal units do not
automatically imply identical physical roles.

In particular, the spatial force-density equation remains:
F=-VOP_g

The temporal derivative may contribute to a broader dynamical theory, but a separate physical
equation is required to establish how it affects gravitational dynamics.

10. Dimensional Analysis of the Proposed Framework

The main quantities have the following S| dimensions:

Quantity Physical meaning Sl unit
p Mass density kg/m?
c Speed of light m/s
E d Energy density J/m?
w Dimensionless Dimensionless

equation-of-state parameter

P g Gravitational pressure Pa



vOP_g Spatial pressure gradient N/m3

F Spatial force density N/m3

The energy-density equation is:

E d=pc?

Its dimensions are:

(kg/m3)(m?/s?) = J/m?3

The gravitational-pressure equation is:
P_g=wE_d

Since w is dimensionless, P_g has the same units as E_d.
The spatial force-density equation is:
F=-VOP_g

Its dimensions are:

Pa/m = N/m?

The proposed spacetime operator also uses derivatives with units of inverse length when the
temporal coordinate is ct.

These checks establish dimensional consistency for the specified quantities. Dimensional
consistency alone does not establish the physical correctness of a proposed law.

11. Relationship to Established Physics

11.1 Continuum mechanics

In continuum mechanics, the pressure-gradient contribution to force per unit volume is
conventionally expressed as:

f p=-V0Up

This structure is mathematically similar to the proposed equation:



F=-VvOP_g

The similarity provides a familiar mathematical reference. However, the standard
continuum-mechanics equation concerns pressure acting within a material or continuum.
Interpreting P_g as gravitational pressure requires a separate physical definition.

11.2 Newtonian gravity
In Newtonian gravity, the gravitational force density acting on matter is:
fg=p_mg

Here, p_m represents the mass density of the matter experiencing the force, and g is
gravitational acceleration.

The proposed equation instead relates force density to a gravitational-pressure gradient.

To connect these expressions, the model would need to establish a relationship between P_g,
the source of gravity, the mass density, and the resulting gravitational acceleration.

Such a relationship cannot be assumed solely from the mathematical similarity to a
pressure-gradient force.

11.3 General relativity

General relativity relates spacetime curvature to the energy-momentum content of the physical
system through Einstein's field equations.

A fully relativistic version of the proposed framework would need to specify:

The spacetime metric and its signature.

The transformation properties of the density and pressure quantities.

The energy-momentum tensor.

The covariant differential operators used in curved spacetime.

The relationship between the proposed gravitational pressure and spacetime curvature.

The proposed operator D is not automatically a Lorentz-covariant derivative merely because it
includes a temporal derivative alongside spatial derivatives.

A consistent relativistic formulation would require these additional mathematical structures.

12. Matter Density and Mass-Equivalent Density

The interpretation of p must be specified for each physical application.



12.1 Matter-density case

If p represents the mass density of matter, then:

E_d = p_matter c?

This represents the corresponding rest-mass energy density.

For Earth, the Sun, or a neutron star, p may describe the local density profile or an explicitly
defined average density.

For cosmological applications, the domain and matter components included in p must be
specified.

12.2 Mass-equivalent-density case

If p represents a mass-equivalent density corresponding to a specified total energy density,
then:

E_d = p_mass-equivalent c?
In this case, the included energy components must be defined consistently.

For example, if radiation or other energy contributions are already included in the total energy
density, they must not be added again as separate contributions without an explicit accounting
convention.

These two interpretations are distinct and should not be interchanged without clarification.

13. Research Questions and Testable Predictions

The proposed framework raises several questions for further investigation.

13.1 What determines the variation of w?
The proposed formulation permits:
w = w(x,Y, z, ct)

However, a predictive theory must provide an equation or physical principle governing this
variation.

Without such a rule, w remains an unspecified function rather than a quantity whose behavior
can be uniquely predicted.



13.2 Does the model reproduce known gravitational observations?

The proposed model should be compared with established measurements, including
gravitational acceleration near spherical bodies, orbital motion, gravitational lensing, and
cosmological observations, as applicable to its scope.

13.3 Does the model produce new predictions?

A scientifically useful extension should identify at least one prediction that differs from
established models in a measurable way.

The prediction should be derived quantitatively, with assumptions and uncertainty estimates
stated explicitly.

13.4 Is the spacetime operator physically appropriate?

The operator must be examined for mathematical consistency under changes of coordinates
and, if intended as a relativistic operator, under Lorentz transformations and in curved
spacetime.

These questions provide a research programme rather than evidence that the proposed law has
already been verified.

14. Conclusion

This research paper has presented a proposed spacetime differential framework for Pawan
Upadhyay's Pressure Curvature Law of Gravity.

The framework is built around the following relationships:
E_d=pc?

P_g=wE_d

P_g = wpc?

F=-VOP_g

F=-VO(wpc?)

For constant c, the expanded spatial force-density equation is:
F=-cwVOp+pVOw]

The paper also introduces the proposed operator:



D=v0O+ f(ala(ct))
or, equivalently,
D=v[O+ (f/c)(alat)

This operator is intended to represent combined spatial and temporal differentiation. Its
interpretation as a relativistic operator requires further mathematical specification.

The principal contribution of the present formulation is the explicit organization of gravitational
pressure, energy density, variable equation-of-state parameter, spatial force density, and
spacetime dependence within a common mathematical framework.

The next scientific task is to derive the governing dynamics of the model, specify its relationship
to established gravitational theory, and produce testable predictions.

Final statement: Pawan Upadhyay’s Pressure Curvature Law of Gravity is presented here as a
proposed theoretical framework. Its status as a physical law depends on further derivation,
consistency with established observations, and independent experimental or observational
verification.
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Special Note: Isotropic Gravitational Fluid Pressure (P_g)

In Pawan Upadhyay's proposed Pressure Curvature Law of Gravity, (P_g) represents isotropic
gravitational fluid pressure.

1. Definition



Isotropic gravitational fluid pressure is defined as a scalar field whose pressure is equal in all
spatial directions at a given point.

The pressure field may vary with spatial position and time:
P_.g=P_g(x,y, z ct)

Here, isotropy means that the pressure has no preferred spatial direction at a given event. It
does not mean that pressure must be uniform throughout space or constant over time.

2. Relationship to Energy Density
My proposed equation of state is:

P g=wE_d

The energy density is defined as:

E d=pc?

Therefore:

P_g = wpc?

Where:

P_g = Isotropic gravitational fluid pressure.
w = Variable equation-of-state parameter.
E_d = Energy density.

p = Specified mass density or mass-equivalent density.
¢ = Speed of light in vacuum.

The parameter w may vary with spatial position and time, depending on the mathematical
formulation of the model.

3. Relationship to Gravitational Field Force Density
My proposed equation is:
F=-V0OP_g

Substituting the equation of state:



F = -V [(wE_d)

Using E_d = pc%

F = -V O(wpc?)

For constant c:
F=-cwVUp+pVOw]

This expression describes the proposed spatial force density associated mathematically with the
gradient of isotropic gravitational fluid pressure.

4. Physical Interpretation

Isotropic pressure acts equally in all directions locally. However, if its magnitude varies from one
location to another, its spatial gradient can be nonzero.

Therefore, isotropy does not imply:

vidpP_g=0

A spatially varying isotropic pressure can have a nonzero pressure gradient.

5. Important Scientific Qualification

In established fluid mechanics, the pressure-gradient force per unit volume is written as:
f p=-v0QOP

This is a standard continuum-mechanics relationship. Applying the same structure to
gravitational fluid pressure is part of my proposed model and requires a physical definition of the
gravitational fluid, its dynamics, and its relationship to observed gravity.

Central equations of my proposed model:

E d=pc?
P_g=wE_d
F=-V0OP_g
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ABSTRACT

This research paper presents the mathematical formulation of the del (V), also known as
the nabla operator, in the context of Pawan Upadhyay’s proposed Pressure Curvature
Law of Gravity. It explains the standard spatial nabla operator, its application to
gravitational fluid pressure (P_g), the relationship between pressure (P_g) and energy
density (E_d), and a proposed differential operator incorporating both spatial and
temporal derivatives. The paper focuses on mathematical definitions, differential
equations, and dimensional consistency.

1. INTRODUCTION

The del (V), or nabla operator, is a differential operator used in vector calculus. It is
commonly applied to scalar and vector fields to calculate gradients, divergence, and curl.

In Pawan Upadhyay’s proposed Pressure Curvature Law of Gravity, the spatial nabla
operator is applied to isotropic gravitational fluid pressure (P_g) to formulate
gravitational field force density (F).

The central equation is:

F=-V_sP_g

WHERE:

F = Gravitational field force density.

V _s = Three-dimensional spatial nabla operator.
P_g = Isotropic gravitational fluid pressure.

The equation proposes that gravitational field force density is related to the negative
spatial gradient of gravitational fluid pressure. Its physical validity requires independent
theoretical and experimental investigation.

2. MATHEMATICAL DEFINITION OF THE SPATIAL NABLA OPERATOR

In Cartesian coordinates (x, y, z), the spatial nabla operator is defined as:


mailto:pawanupadhyay28@hotmail.com
mailto:pawankanyakubj@gmail.com
https://orcid.org/0009-0007-9077-5924

V_s =1(9/9x) + j(9/dy) + k(d/oz)

WHERE:

i = Unit vector in the x-direction.

j = Unit vector in the y-direction.

k = Unit vector in the z-direction.

dlox, dldy, and dloz = Partial differential operators.

The nabla symbol is a differential operator. It acts on mathematical fields and is not itself
an ordinary physical vector.

3. MATHEMATICAL DEFINITION OF GRAVITATIONAL FLUID PRESSURE (P_g)

In the proposed model, P_g denotes isotropic gravitational fluid pressure. The subscript
g identifies the pressure as gravitational fluid pressure; it is not an exponent or a power.

The proposed pressure equation is:

P_g=wE_d

WHERE:

P_g = Isotropic gravitational fluid pressure, measured in pascals (Pa).
w = Variable, dimensionless equation-of-state parameter.

E_d = Energy density, measured in joules per cubic metre (J/m3).

Isotropic pressure means that pressure is equal in all spatial directions at a given point.
It does not necessarily mean that pressure is spatially uniform or constant over time.
Therefore, P_g can have a nonzero spatial gradient.

4. MATHEMATICAL DEFINITION OF ENERGY DENSITY (E_d)

In the proposed model, E_d represents energy density. The subscript d identifies energy
density; it is not an exponent.

The proposed equation is:
E_d = pc?
WHERE:

E_d = Energy density (J/m3).



p = Specified mass density or mass-equivalent density (kg/m?3).
¢ = Speed of light in vacuum (m/s).

The interpretation of p must be specified consistently. If p represents ordinary matter
rest-mass density, then E_d = pc? represents the corresponding rest-mass energy
density. If p represents a broader mass-equivalent density, the included energy
components must be clearly defined to avoid double counting.

5. COMBINED PRESSURE AND ENERGY-DENSITY EQUATION

The proposed model defines:

P_g=wE_d
AND:
E_d = pc?

Substituting the second equation into the first gives:
P_g = wpc?

This is the combined mathematical relationship between gravitational fluid pressure, the
parameter w, mass density, and the speed of light in the proposed model.

6. APPLICATION OF THE NABLA OPERATORTO P_g

Suppose gravitational fluid pressure varies with position and time:
P_g=P_g(x,y,21)

The spatial gradient is:

V_s P_g =i(0P_glox) + j(oP_gldy) + k(oP_gloz)

Therefore, the proposed gravitational field force-density equation is:
F=-V_sP_g

In Cartesian component form:

F_x =-0P_glox

F_y =-0P_gloy

F_z=-0P_gloz



The negative sign indicates that the pressure-gradient force points in the direction of
decreasing pressure. This is the standard pressure-gradient relation in continuum
mechanics, applied here to the proposed gravitational fluid pressure.

7. EXPANSION USING P_g = wE_d

Starting with:

F=-V_sP_g

And substituting:

P_g=wE_d

We obtain:

F=-V_s(wE_d)

Using the product rule:

V_s(wWE_d)=wV_sE_d+E_dV_sw

Therefore:

F=-[wV_sE_d+E_dV_sw]

Since E_d = pc? and c is constant:

V_sE_d=c?V_sp

The resulting equation is:

F=-c)[wV_sp+pV_sw]

This equation accounts for spatial variations in both the density p and the parameter w.
If w is spatially constant, then V_sw = 0, and the equation simplifies to:
F=-wc*V_sp

This simplified equation is valid only when w has no spatial variation.
8. EXPANDED CARTESIAN FORM

For variable w and p, the x-component is:

F_x = -c?[w(dp/ox) + p(dw/ox)]



The y-component is:
F_y = —c*[w(dpldy) + p(dwl/dy)]
The z-component is:
F_z = -c?*[w(dp/dz) + p(owloz)]

Together, these equations define the three spatial components of the proposed
force-density vector F.

9. PROPOSED SPACETIME DIFFERENTIAL OPERATOR

To represent spatial and temporal differentiation in one expression, the following
combined differential operator is proposed:

D = 1(9l9x) + j(aldy) + k(d/9z) + (a/9(ct))
Since c is constant:

alo(ct) = (1/c)(alot)

Therefore:

D= V_s + (t/c)(alat)

WHERE t is a formally introduced label for the temporal derivative term. It is not an
ordinary spatial unit vector.

When this operator acts on P_g, it gives:

DP_g = V_sP_g + (t/c)(oP_glat)

In expanded form:

DP_g = i(0P_glox) + j(dP_gldy) + k(oP_gloz) + (t/c)(oP_glot)

This combined operator is a proposed mathematical construction. It is not the standard
spatial nabla operator and is not automatically a relativistically covariant
four-dimensional derivative. A physical theory using it would need to define its
transformation properties and mathematical structure.

10. SPATIAL DERIVATIVE VERSUS TEMPORAL DERIVATIVE
The standard spatial nabla operator is:

V_s = {(9l9x) + j(ldy) + k(d/oz)



It differentiates with respect to spatial coordinates only.

The proposed combined operator is:

D=V _s + (t/c)(alat)

It includes spatial and temporal derivatives.

For the proposed force-density equation, the spatial gradient remains:
F=-V_sP_g

The temporal variation of pressure is represented separately by:
oP_glot

A temporal derivative should not automatically be added to the spatial force-density
equation. Its role must be derived from the intended physical model.

11. DIMENSIONAL ANALYSIS

The relevant dimensions are:

P_g: pascals (Pa) = N/m2

E_d: joules per cubic metre (J/m?3).

p: kilograms per cubic metre (kg/m?3).
c: metres per second (m/s).

w: dimensionless.

The spatial nabla operator has dimensions:
[V_s]=m"

Therefore:

[V _sP_g] = (N/m?)(1/m) = N/m?

Consequently, F in the proposed equation represents force per unit volume, with units
N/mé.

For the combined operator, the spatial derivatives have dimensions of inverse length.
The temporal term also has these dimensions because:

[(1/c)(a/at)] = m™



Thus, the spatial and temporal derivative terms are dimensionally compatible in the
proposed operator. However, dimensional consistency alone does not establish physical
validity.

12. MATHEMATICAL LIMITATIONS AND FUTURE DEVELOPMENT

The spatial nabla operator is a standard mathematical operator. The use of P_g as
gravitational fluid pressure and the combined operator D are elements of the proposed
model and require further development.

Future mathematical investigation should address:

1. A precise definition of the physical quantity represented by P_g.

2. The domain and physical interpretation of p and E_d.

3. The functional dependence of w on position and time.

4. The transformation properties of the proposed combined differential operator.

5. The relationship between the proposed pressure-gradient equation and established
gravitational field equations.

6. Experimental or observational tests capable of distinguishing the proposed model
from existing theories.

These questions are necessary to determine whether the mathematical proposal can be
developed into a physically consistent and testable theory.

13. CONCLUSION

The standard spatial nabla operator is defined as:

V _s =(0lox) + j(alay) + k(aloz)

The proposed gravitational field force-density equation is:

F=-V_sP_g

The proposed relationships between gravitational fluid pressure and energy density are:
P_g=wE_d

E_d=pc?

Combining these relationships gives:

P_g = wpc?



Applying the product rule to the pressure-gradient equation gives:
F=-c)[wV_sp+pV_sw]

The proposed combined spatial-temporal differential operator is:
D= V_s + (t/c)(alat)

The mathematical expressions distinguish the standard spatial nabla operator from the
proposed combined differential operator. Although the equations can be formulated and
checked for dimensional consistency, the physical validity of Pawan Upadhyay’s
Pressure Curvature Law of Gravity remains to be established through theoretical
analysis and empirical testing.
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