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Abstract

First proposed in early studies on gravitational space propulsion, this paper presents a new
demonstration of the “Theorem of Gravitational Wave Generation through Photon
Reflection” and explores its far-reaching technological applications. Beyond its theoretical
significance and in contrast with current models, the theorem offers promising avenues for
terrestrial implementation. We show that, at least in the particular case of a sphere with a
reflective, massless surface filled with electromagnetic energy E, the external gravitational
field of the sphere must consist of gravitons/ gravitational waves generated upon photon
reflection at the sphere’s surface. (This is a direct consequence of the recently demonstrated
Nordstrom-Einstein paradox.)

Furthermore, we demonstrate that the energy of each graviton emitted during the reflection of
light scales with the cube of its frequency (v3), revealing a direct coupling between
electromagnetism and gravitation.

Departing from conventional approaches, this work analyzes energy—momentum transfer
during photon reflection and demonstrates its ability to induce localized graviton emission
along with measurable spacetime perturbations. This mechanism provides an alternative
theoretical framework for the quantization of gravity while seamlessly recovering the
predictions of general relativity in the classical limit. We further propose experimental tests
based on high-reflectivity optical cavities, highlighting that the gravitational radiation
produced via this mechanism could surpass that from conventional astrophysical sources.
Simultaneously, such an experimental setup allows the demonstration of the proposed
theorem as a fundamental physical law. By enabling the laboratory generation of high-
frequency, high-intensity gravitational waves, this approach opens new directions for probing
the quantum structure of spacetime.

Keywords: Gravitation, Generation of gravitational waves during light reflection,
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1. Introduction

It is well known that Einstein’s General Theory of Relativity (GTR) describes how the
gravitational field of matter distorts the spacetime continuum, but does not explain how the
gravitational field itself is generated. Moreover, GTR does not address the Nordstrom-
Einstein paradox.

First revealed in 1913 by Finnish theoretical physicist Gunnar Nordstrom, the Nordstrom-
Einstein paradox highlights a tension in GTR: electromagnetic waves confined within a
massless, perfectly reflective box should possess gravitational mass via E=mc?, yet the
invariant T of the electromagnetic stress-energy tensor is, according to GTR, identically zero.
The solution to this paradox was first uncovered during our early technological research into
electromagnetic-gravitational space propulsion, revealing an unexpected and fundamental
connection between electromagnetism and gravitation [1].

More recent studies have elaborated on this solution, culminating in formulating the
‘Theorem of Gravitational Wave Generation through Photon Reflection’ or the ‘Theorem on
the Conversion of Electromagnetic Waves into Gravitational Waves’ [2, 3, 4].

In the present work, we first revisit the solution to the Nordstrom-Einstein paradox, focusing
on a system consisting of a sphere with a massless, perfectly reflective surface.
We then provide a new demonstration that the graviton’s energy Eg, which is radiated during
light reflection, depends on the cube of the light frequency (v?). The gravitational wave
frequency closely matches that of the incident/reflected photons. This frequency is much
higher than that of the gravitational waves generated by the binary cosmic systems, which are
ripples in space-time and measured by LIGO-Virgo equipment.

Furthermore, we propose a technological device capable of generating high-frequency
gravitational waves, which opens the way for the generation of artificial gravity in practical
applications.

Our methodology is rooted directly in GTR and involves a comprehensive theoretical
analysis demonstrating that graviton emission is directed along the path of reflected photons.

These findings provide new insights into the interplay between gravitational and
electromagnetic fields, extending the framework of artificial gravitational physics and
offering a new platform for gravitational wave technology using currently available
technologies.

2. Theoretical Foundation

The theoretical basis of this study is the General Theory of Relativity (GTR), applied here in
its full form, without approximation. The framework combines conceptual analysis with
analytical modelling grounded in general relativity and particle physics.

The core of the theoretical exploration draws from foundational literature in gravitation,
particularly works published since 1913, when the Nordstrom-Einstein paradox was first
formulated.

The present approach reviews the main lines of the paradox solution, explores the
consequences of electromagnetic wave confinement and reflection, and presents a new
demonstration of the 'Theorem of Gravitational Wave Generation through Photon Reflection'.
The theoretical development is structured in two main directions -A & B:

A. A short review of the solution of the Nordstrom-Einstein Paradox

After presenting the Nordstrom-Einstein paradox solution in an incipient form in technology
papers [1], the authors began to present the solution for general information in some physics
papers and summits [2, 3, 4]. Due to its importance, we do a short review of the paradox
solution:



The main steps of demonstration (see point 3.1):

- Formulation of the stress-energy tensor for a hypothetical spherical cavity of mass M and
energy E, filled with electromagnetic radiation and bounded by a perfectly reflective surface;
- Contraction of the Einstein field equations for this specific case, leading to a scalar
representation of the field equations;

- Demonstration that the cavity admits the Schwarzschild solution; thus, a sphere filled with
electromagnetic radiation behaves gravitationally as a sphere of condensed matter of
equivalent mass M.

B. New demonstration of the 'Theorem of Gravitational Wave Generation through
Photon Reflection’

The steps of demonstration (see point 3.2.):

- Previous concepts

- Analytical estimation of the energy carried by the gravitational wave (or the associated
graviton) emitted at the orthogonal reflection of a photon from a mirror.

3. Theoretical contributions

3.1 The main steps of resolving the Nordstrom-Einstein paradox
Let us begin with Einstein’s field equations in covariant form:

R;

1 811G
j— 38R = :_4Tij (1) [3]

where i, j =0, 1, 2, 3; Rjj is the Ricci tensor, R is the scalar curvature (Ricci’s scalar), gjj is the
metric tensor, Tij is the stress-energy tensor, G is Newton’s gravitational constant, and c is the

speed of light. We consider a hypothetical spherical cavity with a perfectly reflective,
massless surface (without thickness), filled with electromagnetic radiation (Fig. 1).
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Fig.1-Gravitational field of a hypothetical sphere with massless reflective surface filled with
electromagnetic waves with total mass M, total energy E, and density of energy w

The total energy inside is E, corresponding to an effective mass M=E/c?, and the interior is an
isotropic radiation field with energy density w.



According to general relativity, the gravitational field outside such a sphere should be
identical to that of a mass M. However, the trace of the standard electromagnetic stress-
energy tensor in vacuum is: [6]

T=gTj=p+p+p-w=w/3+w/3+w3-w=0][6]

where p is the isotropic light pressure, and w is the energy density inside the sphere.
Thus, the scalar curvature R (Ricci’s scalar) is also null:

R =— (8nG/c*) T=0[7]

This creates a paradox: The Einstein field equations yield zero curvature while the radiation
has mass and should curve spacetime. This contradiction was first noted in 1913 by
Nordstrém. [8]

To resolve this, we propose that the gravitational field of such a system is generated not in the
interior, but at the reflective boundary. During the reflection of radiation on the cavity
surface, both incident and reflected components coexist, effectively doubling the pressure at
the boundary. We model this by extending the stress-energy tensor with an additional surface
term Tij surf), Yielding a total tensor:

Tij’ = Tij wory + Tij surf)

where Tij oy = diag (W/3, w/3, w/3, w) is the classic tensor defined only in sphere’s volume,
and the new surface component Tij surf) = diag (2w/3, 2w/3, 2w/3, w) defined only on the
sphere’s surface which includes the pressure psurt = 2p = 2-(W/3) =2w/3 (Lebedev’s pressure,
[9]) and the density of energy w which must be considered because the thickness of sphere’s
surface is zero. The trace of the new combined tensor becomes:

T' = giTi’ = 0 + 2W/3+2W/3+2W/3-w) = 2W — W = W
Therefore, the scalar curvature R is now a nonzero number:
R =— (8nG/c*) T' = - (8G/c*) w

This is consistent with the gravitational field expected from a concentrated mass (spherical
mass) M = E/c?, which admits the Schwarzschild solution [10], and the paradox is resolved.

3.2 New demonstration of the 'Theorem of Gravitational Wave Generation through
Photon Reflection’

In a previous paper, we demonstrated that the energy of the graviton radiated at the reflection
of a photon must be:

Eg= (512Gh%/5¢%)v3 = h*v3 [2]

, Where G is Newton’s constant, h is Planck’s constant, ¢ is the speed of light, v is the
frequency of the reflecting light, and h* = 512Gh?/5¢® can be considered a universal constant

2]

The first enunciation of the "Theorem of Gravitational Wave Generation through Photon
Reflection’ is:

‘During normal reflection of an electromagnetic wave on a reflective surface, electromagnetic
energy is partially converted into gravitational energy. The frequency of the emitted



gravitational wave is equal to the frequency of the incident wave. The energy of the emitted
gravitational wave is proportional to the cube of the frequency of the electromagnetic wave.
The direction of the gravitational wave is opposite to that of the incident electromagnetic
wave’. [2]

The demonstration was done indirectly by considering the radiation of a quadrupole
composed of two opposite packets of light moving with the speed of light ¢ on a circular
trajectory inside an optical fibre. [2]

A new and direct demonstration of this important theorem is presented below.
It will be demonstrated again using only the basics of GTR that the energy of a graviton
emitted during light reflection depends on the cube of the light frequency (v°).

We propose a mechanism by which a photon, upon reflection from an idealized, perfectly
reflecting, and infinitely massive mirror, may generate a gravitational wave quantized as a
graviton. This process is modelled by evaluating the gravitational radiation produced during
the short time interval in which the reflection occurs, utilizing the standard formalism of
time-varying quadrupole moments in general relativity.

Let a single photon of frequency v and wavelength A=c/v impinge perpendicularly on the
mirror along the x-axis. The photon’s effective inertial mass can be defined via the standard
mass-energy equivalence:

m=h-v/c?

We consider a photon of effective mass m = hv/c? oscillating along the x-axis during
reflection with:

X(t) = A - cos(2m-v-t)

y(t) =0
z(t)=0

Where A is associated with the given photon wavelength A.
y(t), z(t) = 0 is an approximation because the transversal oscillation amplitude of the photon’s
mass can be considered low.

The standard definition of the mass quadrupole moment tensor for a point-like mass is:
Qii(t) = m - [ xi(t) x(t) — (1/3)-8;°[r(t) 7] [11]

In this case, since the motion is only along the x-axis, we have:

[r(t)]> = x(t)* = A% - cos*(2m-v-t)

Thus, the components of the quadrupole tensor become:

Qu(t)=m - [ A%-cos?(2m-v-t) — (1/3)-A?-cos?*(2m-v-t) | = (2/3) - m-A?-cos*(2n-v-t)
Qyy = Qz(t) = —(1/3)'m- A% cos?(2m-v-t)
Quy(t) = Quz(t) = Qyz(t) =0

Therefore, the quadrupole tensor has the diagonal matrix form:
Q(t) =m-A?-cos?(2n-v-t) diag (2/3, -1/3, -1/3)

One can observe that the quadrupole tensor Q(t) is traceless (the sum of diagonal terms is
zZero).



For simplicity, substituting the expressions for m and A we can do a new approximation:

Q(t) = Qxx(t) = (2/3)-m - A2 - cos?(2mvt) = (2/3)-(hv/c?)-A2-cos2(2mvt) = (h / v) - cos?(2mvt)
The power radiated in gravitational waves by such a time-varying quadrupole is given by:
Pg= (G / 5¢%) - {(d3Qxx/dt3)2) [6]

, Where () represents the time average.

The third time derivative of Qxx(t) is computed as:

BQx«/dt3 = 3273-h-v2-sin(4mv-t)

(d3Qux/dt3)? = 32275-h?-v*-sin?(4mv-t)

One can easily find that the average over one period T=1/v of the function f = sin?(4xv-t) is:

1v
(sin®(4mv-t)) = (LIT) [sin¥(4nv-t) = (UT)-(1/2v) = (Iv?Y) [ 2v) = 1/2
0

Then the average of expression (d3Qxx/dt®)? over a full period T=1/v cycle yields:
((d3Qxx/dt3)2) = 322-78-h2v* - (1/2) = (1024/2) 1 h2v* = 512-75-h2-v*

Thus, the instantaneous gravitational power during reflection becomes:

Pg= (512 m® -G~ h%/5¢°) - v*

Given that the reflection process occurs over a time T=1/v, in the hypothesis that a single one
graviton is emitted during the reflection process, its energy is:

Eg =Pg T =Pg:(1/v) = (512 7 -G- h?/5¢°) - V= v+ Ve
, where ¥* = (512- 7 -G- h2/5¢®) can be considered a universal constant.

This is the second demonstration of ‘The Theorem of Gravitational Wave Generation through
Photon Reflection’.

It can be observed that the energy of the emitted graviton depends on the power of three of
the reflecting light frequency (v®) and a universal constant x*. This outcome matches the
expression derived in the early paper. [2]

3.3 The proposed experiment and practical applications
3.3.1 The proposed experiment

Although it seems small in magnitude due to the expression G-h? / c¢® the fact that
gravitational power Pg depends on v* opens tremendous experimental possibilities by using
high-energy/ high-frequency light reflecting between super-reflective mirrors (R* =~ 99.999%
or more).

Let’s consider a significant quantity of light E, uniformly distributed in a sphere of a large
radius R and a perfectly reflective surface. The intensity g of the gravitational field (in
Newton’s sense) at the sphere’s surface is given by:

g=(4/3)nR*p/R?>=(4/3)-n-R*(w/c?*)/R*=(4/3)n:(Ww/c*)R



, Where w is the isotropic energy density of light inside the sphere and p is the mass density
equivalent to energy density (p =w / c?).

When R and w increase, g can reach high values, which could be used in practical
applications.

The gravitational field of such a light-filled sphere has some remarkable characteristics not
found in the gravitational fields generated by condensed matter:

- The gravitons/gravitational waves that compose the gravitational field are directed strictly
radially.

- The gravitons/gravitational waves are generated only during the reflection of light on the
sphere’s surface.

- The gravitons/gravitational waves are directed toward the centre’s sphere and re-emerge
through the diametrically opposite surface point, generating the external gravitational field.
These unique characteristics allow the construction of experimental equipment as illustrated
in Fig. 2.

The device in Fig. 2 should generate an external gravitational field similar to a large-radius
light-filled sphere because the light "does not know" whether it comes from an adjacent
reflective calotte or the sphere’s interior.

The process is highly unsteady, as the internal light existing between the two calottes Se and
Si is rapidly depleted. To maintain the energy density (w), a UV source must continuously
inject light into the space enclosed by Se, Si, and Si.

UV Light source (A=200...400 nm) which keeps
e density of energy w constant inside
The isotropic interior light pressure of

Lebedev’s pressure on the
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The isotropic density

ibtional Supermirrors calottes
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R
Fig.2-The scheme of a high-frequency gravitational waves generator

Assuming R = 1*, i.e., a perfect reflection, if the light injection stops, the light’s frequency
decreases, entering consecutively the visible, infrared, microwave, radio, and lower
frequency ranges, with the gravitational field intensity decreasing accordingly.

Since perfect mirrors do not exist, a significant portion of light energy is converted into heat.
The equipment must be intensively cooled to absorb this heat. Multiple reflective calottes
can be used to generate higher gravitational intensities, g. In such a configuration, the
calotte’s reflective surfaces are in balance due to Lebedev’s pressures, which are exerted on
both surfaces of the calottes, allowing a higher energy density w to be used.

3.3.2 Practical Applications



Potential applications include:

- The Gravitational Spacecraft
- Zero-gravity spaces at ground level

Although these applications were presented in detail in some early technology papers [1] we
present them here for a better understanding of physical phenomena:

a) The gravitational spacecraft

ultilayer hull injected with light
Radiated gravitational waves This radiated gravitational field
—> composed of gravitons/high-
. 'i' frequency gravitational waves pull
the spacecraft body to the left
<— I:/w
Gravitational spacecraft /

Crew

b) The zero-gravity room
Gravitational field generator

Artificial gravity field, ga=ge

Man in imponderability\u‘:
Earth’s gravitational field, ge \

The Earth —

4. Results

The solution of the Nordstrém-Einstein Paradox and the Theorem of Conversion of
Electromagnetic Waves into Gravitational Waves

The theoretical framework presented herein addresses the resolution of an over 100-year-old
paradox referred to as the Nordstrom-Einstein paradox. A model is proposed in which, for the
particular case of a sphere with reflective surface (of thickness zero), filled with
electromagnetic waves (light) with the energy E = M/c?, the gravitational field emerges from
the interaction between electromagnetic waves (light) and the reflective boundary (sphere’s
surface).

This resolution leads to three major conceptual consequences, each with significant
implications for the nature of gravitational fields and their underlying structure.

I. Gravitational Fields Can Originate from Electromagnetic Wave Reflection

The first and most immediate consequence is the demonstration that, as a particular case, a
static gravitational field can be generated purely by the reflection of electromagnetic
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radiation. This implies a functional equivalence between gravitational effects and the energy
confinement in the form of high-frequency photons within a closed, reflective geometry. A
deeper connection between electromagnetism and gravitation was established for this
particular case. In this sense, the gravity acquires an electromagnetic origin.

I1. The Discrete Structure of the Gravitational Field: A Graviton-Based Description

A second, more profound implication concerns the quantization of the gravitational field
surrounding such a photonic cavity. In the Newtonian formulation, the field is described as a
continuous potential gradient; in the Einsteinian formulation, as a smooth curvature of
spacetime. However, within the proposed model, the field emerges as a consequence of
photon reflection events, each of which contributes a discrete quantum of gravitational
energy. This strongly suggests that the static gravitational field must consist of a
superposition of elementary gravitational quanta, which may be associated with individual
gravitons or equivalent gravitational wave packets. Such a description is consistent with
quantum field theoretical approaches to gravity and may serve as a bridge between classical
field theory and quantum gravity phenomenology.

I11. Gravitational Wave Frequency is Determined by the Source Electromagnetic Frequency

The third major result arises from the temporal localisation of the reflection process. Since
the generation of a gravitational disturbance (e.g., a graviton/ gravitational wave) is assumed
to coincide precisely with the reflection of an electromagnetic wave on the cavity surface, the
frequency of the resulting gravitational quanta must necessarily match that of the incident
radiation. That is, the gravitational waves forming the static field are composed of energy
quanta with frequency vg¢ = vfem, Where vrem IS the frequency of the reflecting or confined
electromagnetic waves.

This temporal alignment is not optional; it is dictated by the principle that the gravitational
emission begins and ends within a single optical cycle (i.e., during T = 1/v). As such,
gravitational energy is modulated in direct correspondence with the properties of the
electromagnetic source.

Extended Consequences and Future Research Directions

These findings offer a novel interpretation of the origin of the static gravitational fields, open
pathways for theoretical extensions and experimental verifications, particularly through ultra-
high-frequency photonic systems, resonant cavities, and gravitational wave analogues in
laboratory settings.

Future work should focus on the numerical simulation of such photonic gravitational sources
as well as possible experimental achievements involving high-reflectivity optical cavities
under extreme electromagnetic energy densities.

The potential detection of the gravitational emissions can first be done using existing precise
balances (1 nN).

5. Discussion

In this paper, a review of the main steps of the Nordstrom-Einstein paradox solution is done
to highlight its importance in theoretical and experimental physics.

This solution offers a new perspective on the origin and nature of gravitational fields. Perhaps
most significantly, it challenges the prevailing assumption within both classical and quantum
gravitational frameworks that gravitational fields are fundamental constructs independent of
electromagnetic processes.



At present, no theory of gravity provides a fully explanatory mechanism for the origin of the
gravitational field. GTR treats gravity as a manifestation of spacetime curvature in the
presence of energy and momentum, while the gravitational waves are understood only as
perturbative ripples in this continuum that are detectable only in extreme astrophysical events
such as binary neutron star mergers or black hole collisions. These waves are generated at
relatively low frequencies (typically in the range of 10...10* Hz) and are inherently
macroscopic.

In contrast, the theoretical construct explored in this particular case, where gravitational fields
arise from the reflection of high-frequency electromagnetic radiation in highly confined
geometries, suggests a new class of gravitational phenomena. The mechanism proposed
enables the continuous generation of a gravitational field through a purely electromagnetic
process, without the need for astronomical masses or relativistic acceleration. The resulting
field is not a static consequence of mass-energy distribution alone, but an emergent
phenomenon driven by energy confinement and boundary interaction.

Crucially, the frequency of the gravitational quanta generated in such a configuration would
match that of the incident electromagnetic waves, in stark contrast to the low-frequency
gravitational radiation associated with cosmic events. This theoretical prediction opens the
possibility of laboratory-scale production of high-frequency gravitational fields, a concept
currently absent from mainstream gravitational physics.

From the standpoint of quantum gravity, the dependence of the graviton energy by its
frequency at the power of three (Eq = y*-v°) at least in the mentioned particular case, is a
great challenge.

As the gravitational quanta are indeed emitted during each photon reflection, the mechanism
described here could serve as a foundational scenario for understanding graviton emission
and absorption, and for modelling gravitational interactions in a quantized spacetime.

Moreover, these insights hold deep implications for string theory and superstring
frameworks, where gravitons naturally emerge as vibrational modes of fundamental strings.
The coupling mechanism suggested between electromagnetic fields and gravitational
emission could inform the development of effective field theories that integrate gauge bosons
(e.g., photons) and gravity under a unified interaction scheme.

From a broader perspective, the results support a hierarchy of interactions in which the
electromagnetic field appears as more fundamental than the gravitational field, at least in
terms of field generation. This concept aligns with the notion that gravity may not be a
fundamental interaction in itself, but rather an emergent or residual effect of other field
dynamics under specific boundary or energy conditions.

In summary, solving the Nordstrom-Einstein paradox and presenting of a new demonstration
for the 'Theorem of Gravitational Wave Generation through Photon Reflection' not only
provides the need for reinterpretation of gravitational phenomena but also contributes to a
better understanding of fundamental forces.

The proposed model encourages further theoretical development and experimental
exploration, particularly in the context of high-intensity photonic systems and precision
gravitational measurements at small scales.
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6. Conclusions

- After a short review of the solution to the Nordstrom-Einstein paradox, this study presents a
new demonstration of ‘The Theorem of Gravitational Wave Generation through Photon Reflection’
starting directly from the quadrupole expression approximated for one photon that reflects
perpendicularly on a fixed perfect mirror.

- The *Theorem of Gravitational Wave Generation through Photon Reflection’ is a direct
consequence of the solution of Nordstrom - Einstein paradox.

- The "Theorem of Gravitational Wave Generation through Photon Reflection’ can be found
in early technology or physics papers as the ‘Theorem of Conversion of Electromagnetic
Waves into Gravitational Waves’.

- The "Theorem of Gravitational Wave Generation through Photon Reflection can be
demonstrated as a Law of physics using the experimental equipment indicated in Fig.2.

- The experimental equipment indicated in Fig.2 will be a basis for the manufacturing of
future gravitational space propulsion systems or the building of zero-gravity rooms on the
ground.

- Key Theoretical Outcomes

The implications of the ’Theorem of Gravitational Wave Generation through Photon
Reflection’ (or the ‘Theorem of Conversion of Electromagnetic Waves into Gravitational
Waves’ ) are far-reaching for gravitation theory and beyond:

o Electromagnetic origin of gravity: The gravitation field can arise not only from
condensed matter, but also from the electromagnetic wave reflection, implying a deep
coupling between electromagnetism and gravity.

o During reflection of photons by a mirror, a graviton with the same frequency is
radiated.

e The energy of a graviton radiated during the reflection of a photon by a mirror is
proportional to the cube of frequency, v°.

« Discrete gravitational structure: Since the gravitational field originates from quantized
photon reflection, it must exhibit a discrete composition, consistent with a field of
gravitons/ high-frequency gravitational waves. This represents a natural bridge
between classical general relativity and quantum gravity.

e Frequency coupling: The gravitational field's constituents are generated
synchronously with the electromagnetic field, meaning their frequency content is
identical.

- Applications

Beyond its theoretical impact, the model opens the door to practical gravitational field
generation in laboratory settings. The proposed mechanisms enable gravitational effects at
scales previously considered inaccessible, using high-intensity electromagnetic fields and
engineered reflective cavities.

The main potential applications presented in this work include:
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a) The gravitational spacecraft
b) The zero-gravity room and other applications, which will be presented in subsequent
papers.
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