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Abstract 7 

In two earlier studies, we demonstrated that due to the enormous accelerations arising 8 

during the perpendicular reflection of a photon by a mirror, the photon’s energy distribu- 9 

tion behaves as a quadrupole, thereby generating a graviton (or gravitational wavelet) at 10 

the same frequency and direction as the reflected photon. The results shown that the en- 11 

ergy Eg of graviton is Eg=χ*ν3 (where χ* in an universal constant) and not Eg=kν1 as it is 12 

hypothesized today in the quantum theories of gravity. For simplicity, in the early studies 13 

only the contribution of the quadrupole component Qxx at the reflection of a photon by a 14 

mirror was previously considered. Here, we extend the analysis to include all quadrupole 15 

components associated with perpendicular photon reflection in the case of a resonant cav- 16 

ity. By applying the standard Einstein quadrupole radiation formula, we demonstrate 17 

again in a more accurate manner that the energy of the emitted graviton scales as ν3, re- 18 

vealing a direct coupling between electromagnetism and gravitation. This finding chal- 19 

lenges the long-standing but unverified assumption that graviton energy depends linearly 20 

on frequency (ν1). Our results establish that quantum theories of gravity must instead in- 21 

corporate cubic frequency dependence. The proposed framework provides a new bridge 22 

between general relativity and quantum approaches, suggesting that confined electro- 23 

magnetic radiation can act as a direct source of high-frequency gravitational wavelets. 24 

 25 

Keywords: gravitation, general relativity, quantum gravity, gravitational wavelets, 26 

Nordström–Einstein paradox, quadrupole radiation, graviton generation, resonant cavity. 27 

1. Introduction 28 

At present, it is assumed that only the most violent events in Universe as neutron 29 

stars in-spiral evolution or head-on collision can generate gravitational waves. [1, 2]  30 

In this study, we propose a novel theoretical framework to estimate the gravitational 31 

radiation generated by a photon confined within a planar cavity formed by two perfectly 32 

reflecting mirrors. In this approach, the photon is represented as an effective point-like 33 

mass m = h · ν / c² (where h-Plank’s constant, ν-frequency, c-speed of light) and its center- 34 

of-energy moving along the cavity of axial dimension equal to wavelength, λ. 35 

From the point of view of acceleration, the photon (light wave) reflection is the most 36 

violent event in the Universe because the light speed changes from +c to -c in an extremely 37 

short period of time T = 1/ν. Starting from the General Theory of Relativity - quadrupole 38 

radiation, we demonstrate that this extreme acceleration must lead to generation of a sig- 39 

nificant gravitational power which depends on the frequency to the power of 4 (ν4). Sim- 40 

ultaneously, it is demonstrated that the energy of the radiated graviton Eg, which is 41 
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emitted in a time t = T = 1/ν, depends on the frequency at the power of 3 (ν3), which chal- 42 

lenges the present hypothesis in quantum gravity theories that this energy would depend 43 

on the power of 1 of its frequency (E’g=hν1). The principal conclusions are that the quan- 44 

tum gravity theories should reconsider the present accepted Planck-type equation of en- 45 

ergy E’g = hν1, dependence (which is not theoretically or experimentally proven), and that 46 

reflection of the high frequency/quantity of electromagnetic waves in resonant cavities 47 

should be researched for experimentally prove that gravitational radiation can be gener- 48 

ated in this way.  49 

2. Materials and Methods 50 

The adopted theoretical frame: 51 

The foundation of this work is the General Theory of Relativity. [3]  52 

No post-Einstein theory is used because the GTR is considered sufficient. On the other 53 

hand, the post-Einstein theories cannot be used in this paper because they start from the 54 

assumption that the energy of a graviton depends on ν1, and by now, this hypothesis has 55 

not yet been theoretically or experimentally demonstrated.    56 

The photon’s energy Ef = hν is represented by its effective mass m = hν/ c² (where h is 57 

Planck’s constant and ν the photon frequency).  58 

The photon motion in the resonance cavity is described by the simple expression: 59 

 60 

x(t) = (λ / 2) · (1 – cos (ω t))          (1) 61 

 62 

where λ is the associated wavelength of the photon, which is equal to the distance be- 63 

tween the mirrors, ω = π / T, and T = λ / c.  64 

The considered ansatz offers a smooth classical equivalent of the cavity oscillation mode 65 

of the center of energy that preserves the correct periodicity and symmetry of the stand- 66 

ing-wave while providing sufficiently regular derivatives (up to third order) required for 67 

use in the quadrupole radiation formalism as formulated in General Relativity. [4]: 68 

 69 

Pg = (G / 5 c5) · ⟨ Σ(d3Qij/dt3)2 ⟩         (2) 70 

 71 

, where Qij is the quadrupole moment. 72 

Using this model enables a trustworthy estimate of the gravitational radiation produced 73 

by the axial oscillating effective mass of a photon.  74 

Method justification for a single photon reflection 75 

Although the quadrupole radiation formula is typically applied to continuous distribu- 76 

tions of matter or periodic systems, we extend its use to a singular energy-momentum 77 

event - the reflection of a photon - to demonstrate that even such an isolated event can 78 

produce gravitational wavelet packets (interpreted as gravitons).  79 

It must be underlined that because the reflection of a photon by a mirror generates the 80 

maximum possible accelerations in the Universe due to the inversion of its speed from c 81 

to -c in a very short time T=1/ν, although the effective mass of a photon is very low, the 82 

high value of acceleration during its reflection leads to higher values of graviton energy 83 

than it is accepted today. 84 

Simplifications and conditions 85 
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The two mirrors of are perfectly rigid and reflective and perpendicular on photon’s axial 86 

trajectory and the space-time is flat inside and outside the interaction zone, and the reflec- 87 

tion occurs in a very short time interval T = 1/ν on each mirror. 88 

 89 

3. Results 90 

 91 

Looking at Fig. 1, it can be observed that at t = 0: x (0) = 0 (the photon is on the mirror 92 

1) and at t = T: x (T) = λ (the photon is on the mirror 2). So, in the time T, the photon travels 93 

a distance λ. Average speed is λ / T = c, where T = λ / c = 1 / ν. Starting from equation (1), 94 

      we can see that: 95 

 96 

x(T) = (λ / 2) (1 − cos (ωT)) = λ,  97 

 98 

1 – cos (ωT) = 2, 99 

 100 

cos(ωT) = −1. 101 

 102 

ωT = π, and 103 

 104 

ω = π / T = πν because T=1/ν. 105 

 106 

        107 

 108 

 109 

 110 

 111 

 112 

 113 

 114 

Fig.1-The reflection of a photon between 2 mirrors 115 

 116 

Although this ansatz does not represent the literal quantum path of the photon, it 117 

captures the essential features of the cavity mode, allowing precise evaluation of the grav- 118 

itational power radiated per reflection.  119 

 120 

The quadrupole expression:  121 

 122 

For a point-like effective mass at position r = (x, 0, 0), use the traceless (reduced) quadru- 123 

pole tensor (Eq.2) leads to: 124 

 125 

Qij = m · (xixj − (1/3) δijr²)             126 

 127 

where r² = x², δij is the Kronecker delta. 128 

 129 

Demonstration steps: 130 

 131 

Step 1: Quadrupole components for 1D motion: 132 

 133 

x 0 

λ 

z 

y 

The reflecting photon 

The mirror 2 The mirror 1 
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Position: r = (x(t), 0, 0) so r² = x(t)². 134 

 135 

Compute diagonal components from the definition: 136 

 137 

Qxx = m · (x² − (1/3) r²) = m · (x² − (1/3) x²) = (2/3) m · x²      (3) 138 

 139 

Qyy = m · (0 − (1/3) x²) = −(1/3) m · x²         (4) 140 

 141 

Qzz = m · (0 − (1/3) x²) = −(1/3) m · x²         (5) 142 

 143 

Off-diagonal components Qxy = Qxz = Qyz = 0 (because y = z = 0). 144 

 145 

Step 2 -Tracelessness proof: 146 

 147 

Trace: Qxx + Qyy + Qzz = (2/3 m x²) + (−1/3 m x²) + (−1/3 m x²) = 0. 148 

 149 

Therefore, Qij is traceless by construction. 150 

 151 

Step 3 - Time derivatives needed in the expression of the gravitational radiation Pg: 152 

 153 

Compute d3/dt3 of x²(t): 154 

 155 

According to (1), 156 

 157 

x(t) = (λ/2)(1 − cos ω t) 158 

 159 

Expand x²(t): 160 

 161 

x²(t) = (λ² / 4) · (1 − 2·cos(ωt) + cos²(ωt)) 162 

 163 

Because cos²(ωt) = (1 + cos(2ωt)) / 2, 164 

 165 

x²(t) = (λ² / 4) · [ (3/2) − 2·cos(ωt) + (1/2)·cos(2ωt) ] 166 

 167 

= (λ² / 8) · (3 − 4 cos ω t + cos 2ω t). 168 

 169 

The first derivative of x2:  170 

 171 

d/dt (x²)= (λ² / 8) · [0 − 4·(−ω·sin(ωt)) + (−2ω·sin(2ωt))] = (λ² / 8) · [4ω·sin(ωt) − 2ω·sin(2ωt)]  172 

 173 

The second derivative of x2: 174 

 175 

d2/dt2(x²)=(λ²/8)·[4ω·(ω·cos(ωt)) − 2ω·(2ω·cos(2ωt))]= (λ² / 8) · [4ω²·cos(ωt) − 4ω²·cos(2ωt)] 176 

 177 
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The third derivative of x2: 178 

 179 

d3dt3(x²)=(λ²/8)·[4ω²·(−ω·sin(ωt)) − 4ω²·(−2ω·sin(2ωt))] = (λ² / 8) · [−4ω³·sin(ωt) + 180 

8ω³·sin(2ωt)] = (λ² ω3 / 2) · (− sin ω t + 2 sin 2ω t ). 181 

 182 

Square of the third time derivative: 183 

 184 

(d3/dt3 (x²))² = (λ²·ω³ / 2)² · [−sin(ω·t) + 2·sin(2·ω·t)]² 185 

 186 

, where we have: 187 

 188 

(λ²·ω³ / 2)² = λ⁴·ω⁶ / 4            (6) 189 

 190 

[−sin(ω·t) + 2·sin(2·ω·t)]² = sin²(ω·t) − 4·sin(ω·t)·sin(2·ω·t) + 4·sin²(2·ω·t) = f(t)  (7) 191 

 192 

, where f(t) is a notation. 193 

 194 

The time average of f(t):  195 

⟨f(t)⟩ = (1/T)∫ f(t)
T

0
 dt            (8) 196 

Applying the average equation for each term of f(t), we have: 197 

 198 

⟨sin²(ω·t)⟩ = 1/2             (9) 199 

 200 

⟨sin(ω·t)·sin(2·ω·t)⟩ = 0           (10) 201 

  202 

⟨sin²(2·ω·t)⟩ = 1/2           (11) 203 

 204 

From (7), (8), (9), (10), (11), the value of ⟨f(t)⟩ results:  205 

 206 

⟨f(t)⟩ = 1/2 - 4ꞏ0 + 4ꞏ1/2 = 5/2          (12) 207 

 208 

From (6) and (12), the average of (d3/dt3 (x²))2 results: 209 

 210 

⟨(d3/dt3 (x²))²⟩ = (λ⁴·ω⁶ / 4)ꞏ(5/2) = (5/8)ꞏ(λ⁴·ω⁶ )       (13) 211 

 212 

Step 4 - Sum of squared third-derivatives of Qij 213 

From (3), (4), (5), and (13), the sum of squared third-derivatives results:  214 

 215 

Σ(d3Qij/dt3)²=((2/3)²+(-1/3)²+(-1/3)²)·m²· (d3(x²)/dt3)² = 216 

=((4/9)+(1/9)+(1/9))·m²·(d3(x²)/dt3)²=(6/9)·m²(d3(x²)/dt3)² = (2/3) · m² · (d3(x²)/dt3)². 217 

 218 

Step 5 - The time-averaged sum of squared third-derivatives Qij 219 

 220 
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⟨Σ(d3Qij/dt3)²⟩=(2/3)·m²·⟨(d3(x²)/dt3)²⟩=(2/3)·m²·(5/8)·λ4ω6 = (5/12) · m² · λ4 ω6. 221 

 222 

Step 6 - Quadrupole power Pg (final symbolic formula) 223 

Insert into Einstein’s quadrupole formula: 224 

 225 

Pg = (G / 5 c5) · ⟨ Σ{i,j} (d3Qij/dt3)² ⟩ 226 

= (G / 5 c5) · (5/12) · m² · λ4 ω6=(G / c5) · (1/12) · m² · λ4ω6.       227 

 228 

Now, substitute the expressions of m and λ, ω in terms of photon frequency ν: 229 

 230 

m = h · ν / c²,  231 

λ = c / ν,  232 

ω = π · ν. 233 

 234 

Compute m² · λ4 · ω6: 235 

 236 

m² · λ4 · ω6=(h² ν² / c4) · (c4 / ν4) · (π6 ν6) = h² · π6 · ν4. 237 

 238 

Therefore, the power simplifies to the compact form: 239 

 240 

Pg = (G · h² · π6 / (12 · c5)) · ν4          (14) 241 

 242 

So, the robust frequency scaling of the radiated gravitational power is Pg ~ ν4, and the 243 

explicit pre-factor is: 244 

 245 

G · h² · π6 / (12 · c5)            (15) 246 

 247 

Due to its definition, this pre-factor can be considered a universal constant. 248 

 249 

Step 7-Energy radiated per reflection: 250 

A single reflection (from one mirror) spans time T = 1 / ν (by model assumption). The 251 

energy radiated during one reflection, which is taken as the graviton energy, is: 252 

 253 

Eg (per reflection) = Pg · T = Pg / ν = [G · h² · π6 / (12 · c5)] · ν3     (16) 254 

 255 

Step 8 - Comparison to a single graviton (quantum) at the photon’s frequency 256 

The graviton energy Eg found in this study is a quantum with the same frequency as the 257 

photon (νg  ≈  ν) is extremely small in comparison with the currently used hypothetical 258 

value E’g = h · ν because of h2 and c5 , which appear in Eq. 16. This can be considered a 259 

major finding because there is no theoretical or experimental evidence to support the 260 

equation E’g = h · ν.  261 

 262 

IV. DISCUSSION 263 

 264 
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The present analysis demonstrates that the reflection of a single photon in a resonant 265 

cavity necessarily produces high-frequency gravitational radiation. By representing the 266 

photon as an effective oscillating point-like mass, the quadrupole formalism of general 267 

relativity could be consistently applied. The resulting expression, Pg ~ ν4, highlights a ro- 268 

bust frequency scaling, while the radiated graviton energy per reflection, Eg ~ ν3, deviates 269 

fundamentally from the widely assumed but unproven relation E’g = hν. 270 

The dependence Eg ~ ν3 fact that the energy of the radiated graviton must depend on 271 

the power of 3 of its frequency was demonstrated with approximation in some other early 272 

papers. [5, 6] 273 

This distinction between the graviton energy dependence on ν3 and ν1 is critical. It 274 

suggests that graviton emission is not simply an electromagnetic analogue but is governed 275 

by higher-order couplings between energy, frequency, and space-time curvature. The pre- 276 

dicted ν3 scaling opens a new pathway to connect general relativity with Quantum Grav- 277 

ity without introducing speculative post-Einsteinian assumptions.  278 

Moreover, equation (14) emphasizes that gravitational effects could become experi- 279 

mentally relevant at high frequencies (hard UV, X-ray), and multilayer reflective surfaces, 280 

motivating future efforts to develop high-reflectivity multilayer surfaces working well at 281 

these frequencies. 282 

 283 

V. CONCLUSIONS 284 

 285 

We have shown that photon reflection within a resonant cavity provides a well-de- 286 

fined theoretical mechanism for graviton (or gravitational wavelet) emission. The rigor- 287 

ous quadrupole analysis yields two main results:  288 

(a) - the gravitational radiation power scales as ν4, and (b) - the graviton energy scales 289 

as ν3, rather than ν1. This outcome challenges the conventional assumption of linear grav- 290 

iton–frequency dependence and supports the idea that quantum gravity theories should 291 

incorporate cubic frequency scaling. 292 

The proposed framework offers a bridge between general relativity and quantum 293 

approaches by demonstrating a direct and testable coupling between confined electro- 294 

magnetic fields and gravitational radiation.  295 

These findings establish a foundation for experimental programs aiming to detect the 296 

high-frequency gravitational wavelets generated through high-frequency/energy electro- 297 

magnetic waves reflection and encourage the reformulation of quantum gravity theories 298 

by considering the graviton energy Eg dependence on its frequency at the power of 3 (ν3). 299 
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