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Abstract: We will show that we can model the Planck´s length expansion (1.28 10⁻⁵⁴ m < Lpɢ < 1.61 

10⁻³⁵ m) as a function of the redshift z. Recall that in the theory: RLC electrical model of a black hole 

and the early universe, we proposed that when a black hole forms the Planck´s length corresponds 

to Lpɛ = 1.61 10⁻³⁵ m; as the black hole grows, the Planck´s length decreases until the black hole reaches 

its critical mass and then disintegrates, at which point the Planck´s length reaches the value of Lpɢ = 

1.28 10⁻⁵⁴ m. This will allow us to understand dark energy and the Hubble´s tension problem, that is, 

the discrepancy with the Hubble´s constant. 
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1. Cosmological Redshift Theory 

Cosmological redshift is a fundamental concept in astrophysics and cosmology that describes 

the stretching of light waves as they travel through an expanding universe. It occurs due to the large-

scale expansion of space itself, rather than the motion of individual astronomical objects. 

Cosmological redshift is a key phenomenon in astrophysics and cosmology, associated with the 

expansion of the universe. It manifests itself as a red-shift in the electromagnetic spectrum of light 

coming from distant objects. The magnitude of this shift is directly related to the scale factor of the 

universe and provides crucial information about cosmic evolution. 

1.1. Understanding Redshift 

Redshift refers to the increase in the wavelength of electromagnetic radiation, shifting visible 

light towards the red end of the spectrum. It is mathematically expressed using the equation: 

 

Figure 1. Redshift equation. 

Where (λobsv) represents the wavelength measured by the observer and ( λemit ) the 

wavelength at the time of emission. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 June 2025 doi:10.20944/preprints202506.0046.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0046.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 18 

 

The cosmological redshift is directly linked to the scale factor of the universe. It is described by 

Hubble’s Law: 

v = H0 x d  

Where v is the recession velocity of a galaxy, H0 is Hubble’s constant, and d is the distance to 

the galaxy. This relationship demonstrates that galaxies farther from us recede at greater velocities, 

implying an expanding universe. 

Implications for Cosmology 

Cosmological redshift helps scientists: 

- Determine the age and expansion rate of the universe. 

- Measure distances to faraway galaxies. 

- Understand the evolution of cosmic structures. 

1.2. Types of Redshifts 

There are three primary causes of redshift: 

- Doppler Redshift: Due to the relative motion of objects moving away from an observer. 

- Gravitational Redshift: Caused by light escaping a strong gravitational field. 

- Cosmological Redshift: Resulting from the expansion of the universe itself, affecting all 

wavelengths of light traveling over vast cosmic distances. 

2. Application of the Model and Results 

2.1. Observations in Astronomy 

The redshift observed in astronomy can be measured because the emission and absorption 

spectra for atoms are distinctive and well known, calibrated from spectroscopic experiments in 

laboratories on Earth. When the redshifts of various absorption and emission lines from a single 

astronomical object are measured, z is found to be remarkably constant. Although distant objects may 

be slightly blurred and lines broadened, it is by no more than can be explained by thermal or 

mechanical motion of the source.  

Determining the redshift of an object with spectroscopy requires the wavelength of the emitted 

light in the rest frame of the source. Astronomical applications rely on distinct spectral lines. Redshifts 

cannot be calculated by looking at unidentified features whose rest-frame frequency is unknown, or 

with a spectrum that is featureless or white noise (random fluctuations in a spectrum). Thus gamma-

ray bursts themselves cannot be used for reliable redshift measurements, but optical afterglow 

associated with the burst can be analysed for redshifts. 

In the following graph we will represent the time in billions of years (Y axis) vs redshift z (X 

axis). 
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Figure 2. The lookback time of extragalactic observations by their redshift up to z=20. 

2.2. RC Electrical Modelling of the Cosmological Redshift (z) 

To model the cosmological redshift, we will use the charge model of an RC circuit which we will 

represent below: 

Figure 3 represents the charge of a capacitor, which can be described by the following equation: 

                             (1) 
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Figure 3. charging process of a capacitor. 

Let's analyse equation (1): 

T → 0, Q(t) → 0 

T → 5RC, Q(t) → Cɛ 

Using equation (1), we are going to model the graph in Figure 2, for this we are going to propose 

the following graph: 

For the model represented by the blue line, equation (1) can be written as follows: 

                                                𝑄(𝑧) = 13.8 (1 − 𝑒⁻(
𝑧

2
)                                                           (2) 

We observe that the model represented by the blue line, the constant Tau, 𝛕 = RC = 2. 

For the model represented by the green line, equation (1) can be written as follows: 

                                                𝑄(𝑧) = 13.8 (1 − 𝑒⁻(
𝑧

3
)                                                           (3) 

We observe that the model represented by the green line, the constant Tau, 𝛕 = RC = 3. 

We observe that redshift with the blue line model is more similar to the redshift model with the 

red line. 

2.3. Planck Length Analysis 

We will work with the following equation: 

ds2 =  − (1 − (
2MG

Rc2
)) c2dt2 + (1/ (1 –

2MG

Rc2
)) dR2 + R2dθ2 +  R2sin2 dφ²    (4) 

We will analyse the Schwarzschild solution for a punctual object in which mass and gravity are 

introduced. 

                                 𝑅𝑠 =  2𝐺𝑀 / 𝑐², 𝑆𝑐ℎ𝑤𝑎𝑟𝑧𝑠𝑐ℎ𝑖𝑙𝑑´𝑠 𝑟𝑎𝑑𝑖𝑢𝑠.                      (5) 

Where M is the mass of a black hole, c is the speed of light, and G is the gravitational constant. 

if we consider dθ = 0; and dφ = 0; and if we move in the direction of dR.         (6) 

Let's analyse this specific situation; R = Rs, ds = 0,                                   (7) 

Replacing the conditions given in (5), (6) and (7) in equation (4), we have: 

(dR / dt) ² = v² = c² (1 - (2MG/Rc²) ² 

R = Rs, v = 0; ds² = 0; Rs is the Schwarzschild´s radius.                            (8) 

R > Rs, v < c; ds < 0, time type trajectory.                                                    (9) 

R < Rs, v > c; ds > 0, space type trajectory.                                                 (10) 

Condition (10) is very important because to the extent that R < Rs, v > c is fulfilled, it is precisely 

this speed difference that generates the imaginary mass in a black hole given by −𝑖𝛿.    

Planck´s length equation: 

                                                       𝐿𝑝 =  √ (ℎ 𝐺 /𝑐 ³)                                                      (11) 

Where h is Planck's constant, G is the gravitational constant, and c is the speed of light. 

If we consider condition (10) and equation (11), to the extent that R < Rs and v > c, are fulfilled, 

we deduce that the Planck´s length decreases in value. 

We will define the following: 

Lpɛ = Lp = 1.616199 10⁻³⁵ m; electromagnetic Planck´s length. 

Lpɢ = gravitational Planck´s length. 

Where inside a black hole, the following always holds true: 

Lpɢ < Lpɛ  

Here we hypothesize that cosmic inflation is the expansion of space-time, where the Planck´s 

length Lpɢ tends to reach its normal value Lpɛ after a black hole decays. 

If we consider the Planck´s length Lpɛ, as a spring and due to the action of v > c (300,000 km/s), 

this length decreases at values of Lpɢ, that is, Lpɢ < Lpɛ, which allows us to imagine the immense 

forces involved in compressing the length Lpɛ to smaller values of spacetime Lpɢ. The immense 

energy stored and released in the spring of length Lpɢ, in order to recover its initial length Lpɛ, is the 

cause of the exponential expansion of spacetime (cosmic inflation) in the first moments of the Big 

Bang. 
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At time T0⁺, when the black hole decay, and the Big Bang occurs; roughly all matter was dark 

matter, relativistic dark matter.   

2.4. Calculation of the Variations of the Planck Length, Planck Time and Planck Temperature as a 

Consequence of the Fact that the Velocity v Varies from 310⁸ m/s to 3 10²¹ m/s 

To perform these calculations, we use Table 1 and Figure 4: 

 

Figure 4. In blue and green are represented two models proposed to model the redshift (z) in red. 

Table 1. Represents values of ImI, baryonic mass; IδI, dark matter mass; IMI, mass of baryonic matter plus the 

mass of dark matter; IEmI, energy of baryonic matter; IEδI, dark matter energy; IEI, Sum of the energy of 

baryonic matter plus the energy of dark matter and Rs, Schwarzschild´s radius, as a function of, c, speed of 

light; Cɢ, speed greater than the speed of light; T, temperature in Kelvin; using the parametric equations. 

 

Item T CG C I m I I δ I I M I I Em I I Eδ I I E I Rs

0 kelvin m/s m/s kg kg kg Joule Joule Joule m

1 10¹³ 3 10⁸ 3 10⁸ 6.00 10³⁰ 0 6.00 10³⁰ 5.40 10⁴⁷ 0 5.40 10⁴⁷ 8.89 10³

2 10¹⁴ 3 10¹⁰ 3 10⁸ 6.00 10³⁵ 6.00 10³⁹ 6.00 10³⁹ 5.40 10⁵² 5.40 10⁵⁶ 5.40 10⁵⁶ 8.89 10⁸

3 10¹⁷ 3 10¹³ 3 10⁸ 6.00 10⁴¹ 6.00 10⁵¹ 6.00 10⁵¹ 5.40 10⁵⁸ 5.40 10⁶⁸ 5.40 10⁶⁸ 8.89 10¹⁴

4 10²¹ 3 10¹⁵ 3 10⁸ 6.00 10⁴³ 6.00 10⁵⁷ 6.00 10⁵⁷ 5.40 10⁶⁰ 5.40 10⁷⁴ 5.40 10⁷⁴ 8.89 10¹⁶

5 1 10²⁶ 3 10¹⁷ 3 10⁸ 6.00 10⁴⁴ 6.00 10⁶² 6.00 10⁶² 5.40 10⁶¹ 5.40 10⁷⁹ 5.40 10⁷⁹ 8.89 10¹⁷

6 2 10²⁶ 3 10¹⁸ 3 10⁸ 3.00 10⁴⁷ 3.00 10⁶⁷ 3.00 10⁶⁷ 2.70 10⁶⁴ 2.70 10⁸⁴ 2.70 10⁸⁴ 4.44 10²⁰

7 3 10²⁶ 3 10²⁰ 3 10⁸ 2.00 10⁵³ 2.00 10⁷⁷ 2.00 10⁷⁷ 1.80 10⁷⁰ 1.80 10⁹⁴ 1.80 10⁹⁴ 2.96 10²⁶

8 4 10²⁶ 9 10²⁰ 3 10⁸ 4.05 10⁵⁴ 3.64 10⁷⁹ 3.64 10⁷⁹ 3.64 10⁷¹ 3.28 10⁹⁶ 3.28 10⁹⁶ 6.00 10²⁷

9 5 10²⁶ 3 10²¹ 3 10⁸ 1.20 10⁵⁶ 1.20 10⁸² 1.20 10⁸² 1.08 10⁷³ 1.08 10⁹⁹ 1.08 10⁹⁹ 1.77 10²⁹
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Figure 5. Represents the variation of speed Cɢ, as a function of temperature T, inside a black hole. 

We define the following: 

                                                       𝐶𝜀 =  310⁸ 𝑚/𝑠                                                                (12) 

                                                   𝐶ɢ𝑚𝑎𝑥 =  3 10²¹ 𝑚/𝑠                                                        (13) 

Where the following relationship is fulfilled: Cε < Cɢ < Cɢmax 

Where ε stands for electromagnetic, ɢ stands for gravitational, and max stands for maximum. 

Planck´s length equation: 

                                                   𝐿𝑝 =  √ (ℎ 𝐺 / 𝐶 ³)                                                             (14) 

Planck´s time equation: 

                                                 𝑡𝑝 =  √ (ℎ 𝐺 / 𝐶 ⁵)                                                               (15) 

Planck's temperature equation: 

                                                   𝑇𝑝 =  √ {ℎ 𝐶⁵ / (𝐺 𝐾ʙ²)}                                                   (16) 

Where Lp represents the Planck´s length, tp represents the Planck´s time, and Tp represents the 

Planck´s temperature. 

Where h stands for Planck's constant, C for the speed of light, G for the universal constant of 

gravity, and Kʙ for Boltzmann's constant. 

Substituting the values of (12) and (13) in equations (14), (15) and (16) we obtain: 

Electromagnetic Planck´s constants: 

Cɛ = 3 x 10⁸ m/s 

Lpɛ = 1.61 10⁻³⁵ m 

tpɛ = 5.39 10⁻⁴⁴ s 

Tpɛ = 1.41 10³² K 

Gravitational Planck´s constants: 

Cɢ = 3 x 10⁸ m/s to 3 x 10²¹ m/s 

Lpɢ = 1.61 10⁻³⁵ m to 1.28 10⁻⁵⁴ m 

tpɢ = 5.39 10⁻⁴⁴ s to 0.426 10⁻⁷⁵ s 

Tpɢ = 1.41 10³² K to 0.62 10⁹⁰ K 

Analysing Table 2, it is important to highlight the following: at time T0⁺, at the moment the black 

hole disintegrates, the Planck´s length corresponds to Lpɢ = 1.28 10⁻⁵⁴ m. At time t → infinity, the 

Planck´s length takes the value of Lpɛ = 1.61 10⁻³⁵. 

Table 2. We represent the range of variation of the velocity C, the Planck´s length, the Planck´s time and the 

Planck´s temperature. 

3 10²¹
3 10²⁰

3 10¹⁷

3 10¹⁵

3 10¹³

3 10¹⁰

3  10⁸

10¹³ 10²⁶ 2 10²⁶ 3 10²⁶

SPEED CG (m/s) vs TEMPERATURE (k)
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Example: 

Let us refer again to equations (8), (9) and (10). 

We have no problem interpreting equation (8) and (9). 

Equation (9) is given by the following condition: 

R > Rs, v < c; ds < 0, time type trajectory 

It tells us that any particle outside a black hole is going to move at a speed less than the speed of 

light c, (c – v > 0; v < c). 

Equation (8) given by: 

R = Rs, v = 0; ds² = 0; Rs is the Schwarzschild´s radius 

It tells us that any particle that reaches the event horizon of a black hole will move at the speed 

of light c, that is, its net speed (c - v = 0; c = v). 

Condition (10) given by: 

R < Rs, v > c; ds > 0, space type trajectory 

Any particle inside a black hole, R < Rs; moves at a speed greater than c, that is, (v - c > 0; v > c). 

To interpret this, we will use the Lorentz equations for length and time. 

Length and Time, for v < c: 

L = L0 √ [1 – (v/c) ²], T = T0 / √ [1 – (v/c) ²]; for time type trajectory 

L0 represents the length of a particle at rest, as the particle increases its speed, its length L 

decreases, a contraction occurs. 

For v > c 

L = i L0 √ [(v/c) ² -1], T = - i T0 / (√ [(v/c) ² -1); for space type trajectory. 

Let's interpret the meaning when we say that L goes from a time-type trajectory to a space-type 

trajectory: 

This means that L takes the form of the equation of T, as follows: 

L = - i L0 / [√ [(v/c) ² -1] 

True equation of (L) inside a black hole 

Where i represents the imaginary number. 

This makes perfect sense, as v > c; L (Lpɢ) takes values smaller than the Planck´s length (Lpɛ), 

we are considering L0 = Lpɛ = Planck´s length. If we had not made the change in the equation, as v > 

c, L would have started to grow again and this contradicts our assumption that as a black hole grows, 

the Planck´s length inside it decreases. 

Let's go back to the black hole analogy, consider a particle falling into a black hole moving 

towards the center of mass, once it crosses the event horizon, v > c, therefore the length equation takes 

the following value: L = i L0 / √ [(v/c) ² -1]. Looking at the equation, we can conclude the following: 

First, as v grows with respect to c, L decreases below the value of L0 (it takes values smaller than 

the Planck´s length).  

Second, when the particle passes the event horizon and enters the interior of the black hole, we 

see that the imaginary number i appears in the equation, this can be interpreted as the particle stops 

heading towards the interior of the black hole and begins to move in circles around the center of the 

black hole as a particle does in the Kerr black hole. The imaginary number i tells us that the direction 

of the particle is 90 degrees with respect to the previous direction, towards the center of mass of the 

black hole. 

Finally, we will interpret what has been stated, using the following graph: 

Range Minimum value Maximum value Units

Velocity CG 3 10⁸ 3 10²¹ m/s

Planck`s length Lp 1.28 10⁻⁵⁴ 1.61 10⁻³⁵ m 

Planck`s time tp 0.42 10⁻⁷⁵ 5.39 10⁻⁴⁴ s

Planck`s temperature T 1.41 10³² 0.62 10⁹⁰ K
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Figure 6. The red line, indicated by the blue arrow, can be interpreted as the motion of a particle falling into a 

black hole. As it passes the event horizon, we see that the particle acquires a rotational motion, orthogonal to the 

direction toward the interior of the black hole; indicated by the green arrow. 

2.5. Modelling the Planck´s Length Expansion as a Function of Redshift (z). 

In order to determine our model that describes how the Planck length varies as a function of 

redshift, it is necessary to analyse the wave equation of the universe. 

Here, we are going to present a mathematical development that I carried out in another paper, 

but it is necessary to be able to understand the model that we are going to propose: Planck´s length 

variation as a function of the redshift (z). 

E (t) = 1.08 10⁷³ {e ⁻ (1.81 10⁻¹¹ t)} – 1.08 10⁷³ {e ⁻ (2.19 10¹¹ t)} + E0 

Where E0 corresponds to the temperature of 2.7 K 

This equation represents: the gravitational wave equation of the universe. 

λ = 1.000.000 Light years = 10⁶ x 9.46 10¹⁵ m 

Where, λ is the fundamental wavelength 

λ is a data provided by the IFT UAM. 

λ = 9.46 10²¹ m 

c = λ x f, f = c/λ, f = 3 10²¹ / 9.46 10²¹ = 0.317 Hz 

f = 0.317 Hz  

Where, f is the fundamental frequency 

ω = 2.ᴨ.f = 2 x 3.14 x 0.317 = 2  

ω = 2.00 rad/s 

Where, ω is the fundamental angular frequency 

We will calculate: ω0, B, ω1 and ω2 for our RLC circuit. 

R = 3.60 10⁵¹ Ohms 

L = 1.98 10⁶² Hy 

C = 1.26 10⁻⁶³ F 

ω0 = 1 / √ LC rad/s 

ω0 = 1 / √ LC = 1 / √ (1.98 10⁶² Hy x 1.26 10⁻⁶³ F) = 1 / √2.49 x 10⁻¹  

ω0 = 2.00 rad/s 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 June 2025 doi:10.20944/preprints202506.0046.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0046.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 18 

 

Where ω0, is the resonance frequency or fundamental angular frequency. 

We will calculate the high cut-off frequency: 

ω2 = + 1 / 2RC + √ (1 / 2RC) ² - (1 / LC) 

S2 = - α - √ (α) ² - (ω0) ² 

ω2 = 11.00 10¹⁰ + √ (121.00 10²⁰ - 4) 

ω2 = 2.19 10¹¹ rad/s 

ω2 is the high cut-off frequency 

ω2 = 2.19 10¹¹ rad/s 

f2 = ω2 / 2π = 2.19 10¹¹ / 2 x 3.14 = 0.348 10¹¹  

f2 = 0.348 10¹¹ Hz  

λ2 = C / f2 = 3 10²¹ / 0.348 10¹¹ = 8.60 10¹⁰ 

λ2 = 8.60 10¹⁰ m 

We will calculate the low cut-off frequency: 

ω1 = -1 / 2RC + √ (1 / 2RC) ² + (1 / LC) 

S1 = - α + √ ((α)² - (ω0) ²) 

ω1 = -11.00 10¹⁰ + √ (121.00 10²⁰ - 4)  

ω1 = 1.81 10⁻¹¹ rad/s 

where, ω1 is the low cut-off frequency 

ω1 = 1.81 10⁻¹¹ rad/s 

f1 = ω1 / 2π = 1,81 10⁻¹¹ rad/s / 2 x 3.14 = 2.88 10⁻¹²  

f1 = 2.88 10⁻¹² Hz 

λ1 = C / f1 = 3 10²¹ / 2.88 10⁻¹² = 1.08 10³³ 

λ1 = 1.08 10³³ m 

We will calculate the bandwidth: 

B = ω2 - ω1 

B = 2.2 10¹¹ rad/s 

B is the bandwidth 

It is always good to remember that the energy stabilizes when the space reaches 2.7 K, which 

corresponds to 3.72 10⁻²³ J. 

3.72 10⁻²³ = 1.08 10⁷³ e⁻ (1.81 10⁻¹¹ t) 

e⁻ (1.81 10⁻¹¹ t) = 0.290 10⁹⁶ 

1.81 10⁻¹¹ t = ln (0.290 10⁹⁶) 

t = ln (0.290 10⁹⁶) / 1.81 10⁻¹¹ = 219.84 / 1.81 10⁻¹¹ = 121.46 10¹¹ 

t = 1.22 10¹³ s 

Where, t is the time in which the equation E(t) reaches 2.7 K 

At t = 1.22 10¹³ s, space-time has expanded by a factor of: 

e = v x t 

e = 1.22 10¹³ s x 3 10²¹ m/s = 3.66 10³⁴ m. 

e = 3.66 10³⁴ m 

We will calculate the number of seconds in 380,000 years: 

t = 11.81 10¹² s   

We will analyse Figure 7: 

• low cut-off frequency: ω1 = 1.81 10⁻¹¹ rad/s 

• High cut-off frequency: ω2 = 2.19 10¹¹ rad/s 

• Fundamental or resonant frequency: ω0 = 2.00 rad/s 

• Bandwidth: B =2.2 10¹¹ rad/s 

• Space travelled that corresponds to the total bandwidth: e = 3.66 10³⁴ m 

• Minimum time: approximately t = 10ˉ¹³ s 

• Maximum time: t = 1.22 10¹³ s 
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Figure 7. Spectrum of gravitational waves produced in the cosmic inflation. 

Now we are going to analyse something very important; will help us understand the origin of 

dark energy. 

We said, to form a black hole, the Boltzmann´s constant changes from Kʙ = 1.38 10ˉ²³ J/K (flat 

space-time) to Kʙ = 1.78 10ˉ⁴³ J/K (curved space-time). once the black hole forms the Boltzmann´s 

constant remains constant at Kʙ = 1.78 10ˉ⁴³ J/K. As the black hole grows, the Planck´s length varies 

from Lpɢ = 1.61 10⁻³⁵ m to 1.28 10⁻⁵⁴ m. When it reaches the Planck´s length Lpɢ = 1.28 10⁻⁵⁴ m, the 

speed of massless particles inside a black hole is c = 10²¹ m/s. 

How can we relate the statement to the Big Bang? Let's try to interpret this as follows: 

If we imagine the Planck length behaving like a spring, as a black hole grows, the Planck length 

decreases, meaning the spring decreases in size, increasing its gravitational potential energy. 

When the black hole disintegrates and the Big Bang occurs, the Planck´s length that was at the 

value of Lpɢ = 1.28 10⁻⁵⁴ m tends to reach its normal or stable value of Lpɛ = 1.61 10⁻³⁵ m, expanding 

at a speed of c = 10²¹ m/s, generating cosmic inflation. 

In the first instance, each generated frequency, shown in the bandpass circuit in Figure 7, must 

travel a distance e = 3.66 10³⁴ m, which brings the total time to 10²⁶ s. Example, the fundamental 

frequency that originates in 1 s, goes up to 1.22 10¹³ s; the last frequency that originates in 1.22 10¹³ 

s, goes up to 10²⁶ s; where each of the frequencies of the spectrum travels a distance e = 3.66 10³⁴ m. 

This is the first event that contributes to the origin of dark energy; each generated gravitational 

wave travels at a speed c = 10²¹ m/s and travels a space of e = 3.66 10³⁴ m. 

We will analyze the second event that will help us understand dark energy even more. 

The second event is related to the Boltzmann´s constant, in this process the Boltzmann´s constant 

Kʙɢ = 1.78 10ˉ⁴³ J/K (curved space-time) must reach the value of Kʙɛ = 1.38 10ˉ²³ J/K (flat space-time), 

In this process each gravitational wave travels at the speed of light c = 3 10⁸ m/s 

In the second event, we will propose that the shape of the CMB power spectrum will determine 

the shape of the energy contribution of gravitational waves produced in the early Universe, which 

will determine how the Universe will expand. 

Both events are important and give rise to dark energy. 

Finally, considering the statement above, in the following graph we will try to represent the 

energy (E(t) vs t(s)) and (H(t) vs t(s)). 

In Figures 8 and 9, the X axis is represented to scale, the y axis is not represented to scale. 
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Figure 8. In blue, it represents the energy contribution of gravitational waves versus time, it is observed for t = 

10²⁶ s, the energy contribution of gravitational waves becomes zero (0). 

 

Figure 9. In orange, it represents the variation of the Hubble´s constant versus time, for t = 10²⁶ s, the Hubble´s 

constant becomes zero (0). 

In Figure 8, I try to represent the contribution of the energy of gravitational waves up to a time 

t = 10²⁶ s.  

In Figure 9, I try to represent the variation of the Hubble´s constant up to a time t = 10²⁶ s, 

considering the energy contribution of gravitational waves. 

Observing Figure 9, we see that from t = 10¹² s, there is an inflection point in which the Hubble´s 

constant goes from negative to positive slope, this is due to the gravitational wave front, which has 

the shape of the frequency spectrum distributed in time, figure 8, which adds energy, causing the 

universe to go from decelerated expansion to accelerated expansion. This is manifested by a variable 

Hubble´s constant as shown in Figure 9.  

We also observe for t = 10²⁶ s, Figure 9, another inflection point occurs due to the absence of 

gravitational waves, as shown in Figure 8, in which the slope is zero (horizontal). 

It is very important to make clear that the accelerated expansion of the universe has a limit and 

it is given for t = 10²⁶ s, after that time, space-time stabilizes. 

If we measure the Hubble´s constant using the 1A supernova method, it gives us: H = 74 

km/s/Mpc. 

If we measure the Hubble´s constant, using the CMB microwave radiation background, it gives 

us: H = 67 km/s/Mpc. 

If we measure the Hubble´s constant using merged neutron stars, using the electromagnetic 

spectrum and gravitational waves, it gives us: H = 66.2 km/s/Mpc. 

If we measure the Hubble´s constant using an 1A supernova and gravitational lensing, it gives 

us: H = 64 km/s/Mpc. 

Which of these measurements is correct? Or are all measurements correct? 

Possibly the measurements of the Hubble´s constants determined by the four different methods 

are correct and the difference between the calculated measurements for the Hubble´s constants is due 
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to the fact that the expansion of space-time is different in each place where the measurements are 

carried out, because the measurements were made in different time periods of the expansion of the 

space-time of the universe, as shown in Figure 9, which represents the variation of the Hubble´s 

constant H vs t. 

Example 1: 

According to Figure 9, if we divide by power of 10, logarithmic scale, we have approximately 26 

steps, neglecting negative exponent stages. 

Let's calculate the time t, today. 

t = 4.35 10¹⁷ s, correspond to 17.5 steps. 

(17.5 / 26) x 100 = 67.3% 

This is similar to the dark energy content of the universe that scientists have calculated. 

100% - 67.3 = 32.7 %  

This is similar to the dark matter content of the universe that scientists have calculated. 

We will calculate the number of seconds in 380,000 years: 

t = 11.81 10¹² s 

We will calculate the number of seconds it will take for the universe to stabilize and reach a 

temperature of 2.7 K. 

t = 1.22 10¹³ s 

If we perform the following quotient, we obtain: 

(11.81 10¹² s / 1.22 10¹³ s) x 100 = 96.72 % 

100% - 96,72% = 3.28% 

Baryonic matter content in the universe. 

The true interpretation of this result is the following: the fundamental wavelength that 

corresponds to λ = 1,000,000 light years, represents the highest amplitude peak of the CMB power 

spectrum, has convolved 96% with the space-time of the universe and still needs to be convolved 4%. 

The following values: 

Dark energy = 67.3% 

Dark matter = 29.42 % 

Baryonic matter = 3.28 % 

Represent the proportions of dark energy, dark matter and baryonic matter of the fundamental 

frequency referenced to the moment of time t that corresponds to the CMB. 

If we consider the contribution of the frequencies that make up the power spectrum, the 

percentage values of dark energy, dark matter, and baryonic matter should change. 

After this excellent introduction, we are now able to model the expansion of the Planck´s length 

as a function of redshift z. 

For T0⁺ → Lpɢ = 1.28 10⁻⁵⁴ m 

For T → infinito, Lpɢ = Lpɛ = 1.61 10⁻³⁵ m 

Here, we are going to analyze something very important. 

If we look at Figure 8, today corresponds to a time of 5 10¹⁷ s. 

If we look at Figure 8, the moment at which the perturbations of the gravitational waves stabilize 

corresponds to 10²⁶ s. 

If we look at Figure 2, the y-axis is represented by the time in billions of years; the x-axis is 

represented by the redshift z. It should be noted that the time corresponding to 13.8 (5 10¹⁷ s) billion 

years represents a fraction of the total time corresponding to 10²⁶ s. 

If we consider the power of 10, we can represent 10²⁶ s as 26 steps. Today's time, which 

corresponds to 5 10¹⁷ s, corresponds to 17.5 steps. 

We carry out the following quotient: 

(17.5 / 26) % = 67.30 % 

Now let's consider the Planck´s length: 

For T0⁺ → Lpɢ = 1.28 10⁻⁵⁴ m 

For T → infinite, Lpɢ = Lpɛ = 1.61 10⁻³⁵ m 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 June 2025 doi:10.20944/preprints202506.0046.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0046.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 18 

 

If we consider 10⁻⁵⁴ m to 10⁻³⁵ m, there are 19 steps in power of 10. 

We make the following calculation: 

(19 x 67.30) / 100 = 12.8 

This tells us that as of today, the Planck´s length has increased from 10⁻⁵⁴ m to 10⁻⁴² m. In the 

time between 5 10¹⁷ s and 10²⁶ s, the Planck´s length will increase from 10⁻⁴¹ m to 1.61 10⁻³⁵ m. 

After this explanation, we have found the way to model the Planck´s length as a function of the 

redshift z. 

We are going to propose the following model. 

For the model represented by the blue line (Figure 10), equation (1) can be represented as 

follows: 

                                                𝑄(𝑧) = 12.8 (1 − 𝑒⁻(
𝑧

2
)                                                           (17) 

 

Figure 10. On the y-axis, we have the representation of time in billions of years, which is equivalent to the 

Planck´s length variation. On the x-axis, it is represented by the redshift (z). 

We observe that in the model represented by the blue line (Figure 10), the constant Tau, 𝛕 = RC 

= 2. 

For the model represented by the green line (Figure 10), equation (1) can be represented as 

follows: 

                                                𝑄(𝑧) = 12.8 (1 − 𝑒⁻(
𝑧

3
)                                                           (18) 

We observe that in the model represented by the green line (Figure 10), the constant Tau, 𝛕 = RC 

= 3. 

We observe that redshift with the blue line model is more similar to the redshift model with the 

red line. 

Let's perform the following calculations to determine how the Planck´s length calculation works 

and how it relates to redshift. 

We use equation 17: 

𝛕 = z = 2 

𝑄(2) = 12.80 (1 − 𝑒⁻(
2

2
)       

𝑄(2) = 12.80 (1 − 𝑒⁻(1)       
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𝑄(2) = 12.80 (1 − 0.369)       

𝑄(2) = 12.80 (1 − 0.369)       

𝑄(2) = 8.00       

If we go to Figure 7, for the model represented by the blue line, Q (2) = 8.4 

8.4 corresponds to an equivalent Planck´s length of 10⁻⁴⁹ m 

For T0⁺, z →infinite, Lpɢ → 1.28 10⁻⁵⁴ m 

For t → 0, z →0, Lpɢ → 10⁻⁴² m 

We use equation 18: 

𝛕 = z = 3 

𝑄(3) = 12.80 (1 − 𝑒⁻(
2

2
)       

𝑄(3) = 12.80 (1 − 𝑒⁻(1)       

𝑄(3) = 12.80 (1 − 0.369)       

𝑄(3) = 12.80 (1 − 0.369)       

𝑄(3) = 8.00       

If we go to Figure 7, for the model represented by the green line, Q (3) = 9.0 

(9.0) corresponds to an equivalent Planck´s length of 10⁻⁵⁰ m 

For T0⁺, z →infinite, Lpɢ → 1.28 10⁻⁵⁴ m 

For t → 0, z →0, Lpɢ → 10⁻⁴² m 

Now we are going to make a new model: comoving distance vs redshift 

For this we will use the following graph: 

 

Figure 11. comoving distance vs redshift z. 

We are going to model the comoving distance vs. redshift, using the capacitor charge model, 

which follows the Tau curve. 

It is observed that the orange dotted line corresponds to the model we proposed in Figure 10, 

which corresponds to look-back time vs. redshift (z). 

In this stage, we will model comoving distance vs redshift (z), following the charge curve of a 

capacitor, which follows the law of the Tau constant. 

In the following graph we will interpret and execute our modelling in the following way: 
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Figure 12. comoving distance vs redshift z modelling. 

For the model represented by blue line, equation (1) can be represented as follows: 

                  𝑄(𝑧) = 35.00 (1 − 𝑒⁻(
𝑧

3.5
)                                                           (19) 

In our model Tau corresponds to approximately (z = 3.5). 

Remember that 35 corresponds to 35 giga light years (a measure of distance). 

Now we are going to perform the following modelling: variation of the Planck´s length versus 

redshift (z). 

For this we will use the following graph: 

For the model in blue, equation (1) can be represented as follows: 

                  𝑄(𝑧) = 12.80 (1 − 𝑒⁻(
𝑧

3.5
)                                                           (20) 

True equation which represents the Planck´s length variation using comoving distance versus 

red shift z. 

If we compare equation (17) and (18) represented by Figure 10 with equation (20) represented 

by Figure 13; in my personal opinion, I think that the model: variation of the Planck length versus 

redshift (z) given by equation (20) is the correct model and represents more accurately the variation 

of the Planck´s length versus redshift (z). 
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Figure 13. Planck´s length variation versus redshift (z). 

If we compare the blue line versus the orange dotted line in Figure 13, we see that the blue line 

more closely resembles the charge of a capacitor. In Figure 10, for the defined constants Tau; 5Tau 

does not represent the full charge value as required in the theory of a capacitor charging circuit, 

however, the constant Tau defined in equation (20) given in Figure 10; more closely resembles a 

capacitor charging circuit. 

3. Conclusions 

In a first instance, we have shown that we can model the time evolution in millions of light-years 

as a function of redshift z. To do this, we used the charge model of an RC capacitor, which charges 

according to a constant Tau. 

In equation 2, the constant Tau = 2; in equation 3, the constant tau = 3. 

This is an approximate model; it is not exact, but it gives us a good idea of the time evolution of 

the universe as a function of redshift z. 

We subsequently developed the mathematical evolution of the Planck´s length inside a black 

hole from another paper, and demonstrated that as a black hole grows, the Planck´s length decreases; 

this occurs until the black hole reaches its critical mass and, at time T0⁺, disintegrates, generating the 

Big Bang. 

As stated, at time T0⁺, the Planck´s length is equal to Lpɢ = 1.28 10⁻⁵⁴ m. We said that the Planck´s 

length is equal to a spring, therefore, after the decay of a black hole, the Planck length, which was 

initially Lpɢ = 1.28 10⁻⁵⁴ m, will try to reach the value of Lpɛ = 1.61 10⁻³⁵ m. 

Here comes our second proposed model, which consists in modelling the expansion of the 

Planck´s length from Lpɢ = 1.28 10⁻⁵⁴ m to Lpɛ = 1.61 10⁻³⁵ m (Look Back Time versus redshift z) similar 

to the charge of an RC circuit. See Figure 10. 

Finally, we will present our third proposed model, our goal: variation of the Planck´s length 

using the comoving distance versus redshift (z), see Figure 13, represented by equation 20.  

We present three proposed models: equation 17 with the constant (Tau = 2), equation 18 with 

the constant (Tau = 3) and equation 20 with the constant (Tau = 3.5). The models are not exact, but 

they give a good approximation of the evolution of the Planck´s length as a function of redshift z. 
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It is important to clarify that the first two models represent: variation of the Planck´s length 

(Lookback time) vs. Redshift (z); the third model represents: variation of the Planck´s length 

(Comoving Distance) vs. Redshift (z). 

The third model: variation in the Planck´s length using the comoving distance vs. redshift (z), 

given by equation 20; is the most accurate model and most faithfully represents the charge curve of 

a capacitor.  

I think we can now better understand the true meaning of vacuum energy, dark energy, and 

understand exactly how the Planck´s length plays a role in this process. This also explains the 

discrepancy with the Hubble constant. 
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