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Abstract We show that the Planck length expansion can be modeled as a function of the redshift z.
In our previous RLC electrical model of a black hole and the early universe, we proposed that during
black hole formation, the Planck length corresponds to L,s = 1.61 X 1072° m. As the black hole
grows, the Planck length decreases until the black hole reaches its critical mass and disintegrates, at
which point the Planck length attains its minimum value of L,, = 1.28 x 107°* m. Using electrical
RC circuit charge models, we demonstrate that the expansion of the Planck length follows exponential
relaxation laws analogous to the charging of a capacitor, parameterized by specific time constants (7).
This new approach provides a geometric and thermodynamic insight into the nature of dark energy
and the Hubble tension problem.

Keywords: RLC electrical model; RC electrical model; cosmology; astronomy; astrophysics; back-
ground radiation; Hubble’s law; Boltzmann’s constant; dark energy; dark matter; black hole; Big
Bang; cosmic inflation; early universe; quantum gravity.

I Introduction

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 relative motion of individual astronomical objects.
The magnitude of this shift is directly related to the scale factor of the universe and provides crucial
information about cosmic evolution.

In standard cosmology, the cosmological redshift is mathematically expressed by the following set of
fundamental equations:

)\obsv - )\emit )\obsv
7= 2oy Zemit 14z =200 1
)\emit emit ( )
5= femit - fobsv 14 2= femit (2)
fobsv ’ fobsv

where Agpsy and fopsy represent the wavelength and frequency measured by the observer, and Aemit
and femit are the wavelength and frequency at the time of emission. This relationship is linked to the
scale factor via Hubble’s Law:

v = H() -d (3)

where v is the recession velocity of a galaxy, Hy is Hubble’s constant, and d is the distance to the
galaxy.

The standard Lambda CDM model, however, faces severe discrepancies when attempting to reconcile
the value of the Hubble constant derived from the CMB (early universe) with that derived from
local distance indicators such as Type Ia Supernovae (late universe). This work seeks to provide a
novel theoretical bridge by modeling the fundamental Planck length as an expanding geometric object,
relating its time evolution directly to the cosmological redshift.
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II Cosmological Redshift Theory

The cosmological redshift is predominantly classified into three types:
1. Doppler Redshift: Due to the relative motion of sources moving away from an observer.
2. Gravitational Redshift: Caused by light escaping a strong gravitational field.

3. Cosmological Redshift: Resulting from the expansion of the universe itself, affecting all wave-
lengths of light traveling over vast cosmic distances.

In observational astronomy, the value of z is remarkably constant for distinct spectral lines from a
single source. Distant objects may appear blurred or broadened due to thermal or mechanical motion,
but the redshift remains accurately calculable. The true source of redshift allows us to reconstruct
"lookback time", shown in Figure 1. Note that the furthest observation as of 2024 is the Lyman-break
galaxy JADES-GS-z14-0 at z = 14.32, corresponding to 13.5 Gyr ago.

Look-back Time by Redshift
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Figure 1: The standard lookback time of extragalactic observations by their redshift up to z = 20.

III Application of the Model and Results

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. Determining the redshift of an object requires the wavelength of the emitted light in the
rest frame of the source. Although gamma-ray bursts themselves cannot be reliably used for redshift
measurements, their optical afterglows can be analyzed.
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III.a RC Electrical Modelling of the Cosmological Redshift

To model the cosmological redshift, we utilize the capacitor charging curve of an RC circuit as shown
in Figure 2.

Q uC)

44 5uCle

o z\l s B 8 10
t=RC

t [s]
Figure 2: Charging process of a capacitor in an RC circuit.

The charge on the capacitor Q(t) is described by the exponential equation:
Q(t) = Ce (1 - ef%) (4)

Here, C' is the capacitance, € is the electromotive force, and RC' = 7 is the time constant.

We map the lookback time (in billions of years) to the charge Q(t), and the redshift z to the time ¢.
Figure 3 shows the actual redshift curve (red) compared with two modeled capacitor charging curves
(blue and green).

For the blue line, equation (4) is applied with 7 = RC = 2. For the green line, 7 = RC = 3. The
blue line (7 = 2) shows a significantly higher degree of alignment with the physical data (red line),
indicating the time constant of the geometric expansion.

III.b Planck Length Analysis

We analyze the Schwarzschild solution for a point mass:

2MG 2MG\
2 _ 2 7,2 2 2 792 2 22
ds ——(1— R62>cdt+(1— R02> dR* + R*df* + R sin” 0d¢ (5)
where the Schwarzschild radius is Ry = 2GM /2.

Considering purely radial motion (df = d¢ = 0) and analyzing the conditions inside a black hole
(R < Rs, v > ¢), we find a space-type trajectory. We relate this to the Lorentz transformations for
superluminal velocities:

L =L (%)2 1 (6)
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Figure 3: In blue and green, two RC models proposed to fit the redshift z (red).

where Lo = Lpe = 1.61 x 1073% m is the standard Planck length. As v > ¢, equation (6) dictates that
the effective Planck length inside the black hole decreases. We therefore define an "electromagnetic
Planck length", Ly, and a "gravitational Planck length", L,g, with Ly, < L. always holding within
a black hole.

II1.b.1 The Spring Analogy

We hypothesize that the Planck length L, behaves like a compressed spring. As the black hole grows,
L, decreases, accumulating immense gravitational potential energy. When the black hole reaches its
critical mass and disintegrates, Ly, expands from 1.28 x 107°* m (at time T;") back to 1.61 x 1073°
m, releasing the stored energy as the exponential expansion of spacetime known as cosmic inflation.

IIl.c Variation of Planck Scales with Velocity

As established in equation (6), the speed of light inside a black hole can vary from ¢ = 3 x 10% m/s up
to ¢y = 3 x 10?! m/s, leading to extreme variations in the fundamental Planck scales (Table 1).

Table 1: Range of variation for the Planck length, time, and temperature inside a black hole.

Physical Constant Minimum Value Maximum Value
Velocity ¢, 3 x10% m/s 3 x 10?2 m/s
Planck Length Ly, 1.28 x 107°* m 1.61 x 1073° m
Planck Time tp, 0.42x 1077 s 5.39 x 1074 5
Planck Temperature T}g 1.41 x 102° K 0.62 x 100 K

Figure 4 illustrates the relationship between speed ¢, and temperature inside the black hole, showing
discrete transformations of spacetime state.
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Figure 4: Variation of speed ¢, (m/s) vs temperature (K) inside a black hole.

IIl.c.1 Physical Interpretation of the Imaginary Length

For v > ¢, the length equation takes the form L =iLy/+/(v/c)? — 1. The appearance of the imaginary
unit ¢ implies a geometric rotation: instead of continuing radially inward toward the singularity, the
particle’s trajectory deflects orthogonally by 90 degrees, adopting a circular motion analogous to the
ergosphere of a Kerr black hole (Figure 5).

Motion of a Particle Outside and Inside a Black Hole

Vi=C L<L0

Center of the Black Hole

Figure 5: Motion of a particle outside and inside a black hole. The red line represents infall, while the
green line shows the orthogonal rotational motion acquired inside the event horizon (v > ¢).
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III.d Modelling Planck Length Expansion as a Function of Redshift

To build the model of Planck length expansion, we must first analyze the RLC electrical parameters
which govern the gravitational wave spectrum of the early universe. The RLC circuit components are
derived as follows:

R =3.60 x 10°* Q,

L =198 x10%%H,

C=1.26x10"%F,

1
wo = —— =~ 2.00rad/s,
°=Vic /
1 1\?
“1="9Re T (m) ~ed M LA 10T red s

1 1\?
wa = 5 + (21‘%’) —wd &~ 2.19 x 10" rad/s

The frequency spectrum produced in the inflationary phase (Figure 6) spans from w; to we with
bandwidth B = 2.2 x 10! rad/s. The spacetime traverses a total of e = 3.66 x 103* m, reaching
stabilization at t = 1.22 x 10'3 s.

FREQUENCY SPECTRUM OF GRAVITATIONAL WAVES PRODUCED IN THE BIG BANG
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Figure 6: Spectrum of gravitational waves produced in the cosmic inflation.

II1.d.1 Origin of Dark Energy
We identify two primary contributions to Dark Energy:

1. Planck Length Spring Expansion: At T;", the Planck length Ly = 1.28 x 1075% m expands
toward its stable electromagnetic value Ly = 1.61 x 1073% m at an initial velocity of 10%! m/s,
generating the immense energy of inflation.

2. Boltzmann’s Constant Transition: The Boltzmann constant shifts from Kp = 1.78 x 10~43
J/K (curved spacetime) to 1.38 x 10722 J/K (flat spacetime). This transition causes the back-
ground gravitational waves to propagate at ¢ = 3 x 108 m/s, shaping the CMB power spectrum
and determining the accelerated expansion of the universe.

Figure 7 displays the energy contribution of gravitational waves over time, showing a distinct cutoff
at t = 1026 s, while Figure 8 shows the Hubble parameter variation, indicating a transition from
decelerated to accelerated expansion between t = 10'? s and 10%6 s.
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Figure 7: Energy contribution of gravitational waves versus time. At ¢ = 10?° s, the contribution
becomes zero.
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Figure 8: Variation of Hubble’s constant versus time. The inflection point near 102 s indicates the
onset of accelerated expansion due to gravitational wave energy addition.

I11.d.2 Reconciling the Hubble Tension
Measurements of Hy vary based on the epoch being observed:
Type 1A Supernova (local): H = 74 km/s/Mpc.

CMB (early universe): H = 67 km/s/Mpc.
Gravitational waves + EM: H = 66.2 km/s/Mpc.

Type 1A Supernova + Gravitational lensing: H = 64 km/s/Mpc.

Our model solves this discrepancy by showing that the Hubble constant is not a universal invariant but
a time-dependent function H(t). The above measurements, taken at different cosmic epochs, inherently
yield different values.

We further quantify the composition of the Universe using time-logarithmic mapping. Let T}oia = 1026
s (26 steps on a log scale). Today corresponds to Thow = 4.35 x 1017 s (17.5 steps).

175
Dark Energy % = — = x 100 = 67.3%

Dark Matter % = 100% — 67.3% = 32.7%
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Similarly, using the time of recombination (¢ = 11.81 x 102 s) and stabilization time (¢ = 1.22 x 10'3
s):

11.81 x 10'2

Baryonic Matter % = 100% — (122><1013

X 100) = 3.28%

Thus, the mass-energy content of the Universe at the time of CMB formation is found to be roughly:
67.3% Dark Energy, 29.42% Dark Matter, and 3.28% Baryonic Matter.

I111.d.3 The Final Model: Planck Length vs Redshift

We propose three models using the capacitor charging equation Q(2) = Lyax(1— e ?/ ™), where Lyax =
12.8 (representing steps in powers of 10 from 107%4 to 10_42).

e Model 1: Lookback Time vs z with 7 = 2 (Blue line, Figure 9).
e Model 2: Lookback Time vs z with 7 = 3 (Green line, Figure 9).
e Model 3: Comoving Distance vs z with 7 = 3.5 (Figure 11).
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Figure 9: Lookback time vs Redshift modeling Planck length expansion. Blue line (7 = 2), Green line
(r=3).

While the first two models provide approximate fits, Model 3 (using comoving distance, shown in
Figures 10 and 11) is mathematically superior and more faithful to the perfect exponential charging
curve of a capacitor.

Equation (7) defines the definitive relationship (Figure 12):

Q(z) = 12.80(1 — e~*/3:9) (7)

Applying this to z = 3: Q(3) = 12.80 x (1 — e~9857) ~ 8.8, which corresponds to an equivalent Planck
length scale of 107°° m, aligning excellently with our theoretical predictions.
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Figure 10: Comoving distance vs redshift z.
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Figure 11: Modelling the comoving distance vs redshift using the capacitor charging curve.

IV  Conclusions

We have demonstrated that the cosmological lookback time can be successfully modeled via the charge
curve of an RC capacitor, providing a solid empirical fit for 7 = 2 and 7 = 3. Furthermore, the
thermodynamic evolution of the Planck length inside a black hole—from Ly, = 1.28 x 107°* m to
Lpe = 1.61 x 10735 m—was mapped directly onto the redshift z. We presented three phenomenological
models based on this mapping. The final model, shown in Figure 12 (Equation (7)), uses comoving
distance as the independent variable and yields a time constant 7 = 3.5. Our findings provide a
consistent framework for understanding the origin of dark energy, the time-dependence of the Hubble
constant, and the composition of the Universe (Dark Energy, Dark Matter, and Baryonic Matter).
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Figure 12: The true variation of the Planck length using Comoving Distance vs Redshift (z). The time
constant is 7 ~ 3.5.

The expansion of the Planck length acts as a "spring" driving cosmic acceleration, effectively resolving
the Hubble tension by showing that observations made at different cosmic epochs necessarily lead to
different local measurements of Hj,.
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