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Abstract

We propose temporal charge τ = ℏ/(mc2) = ℏ/E as a fundamental scalar unifying
time, mass, energy, and distance. τ is the Compton time—the characteristic oscilla-
tion period of matter-energy. Reformulating physical laws in τ -space reveals hidden
dimensional consistency across mechanics, quantum theory, thermodynamics, nuclear
physics, and cosmology.

This paper has two goals: (1) to show that a wide range of standard equations can
be written in a single τ -language without dimensional contradictions, and (2) to ask
the experimental community to test whether nuclear spectra, particle masses, atomic
lines, and macroscopic systems exhibit simpler harmonic structure when expressed in
τ rather than in energy. If they do, it suggests that time, not energy, may be the more
fundamental ”currency” of physics.
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1 Definition of Temporal Charge τ

Temporal charge is defined as:

τ ≡ ℏ
mc2

=
ℏ
E
.

1.1 Dimensional Proof

The dimensional analysis confirms that τ has units of time:

[τ ] =
[J · s]
[J]

= [s].

1.2 Physical Interpretation

τ represents the Compton time, the fundamental oscillation period of matter. It provides
a temporal ”signature” for any energy or mass, establishing a direct dimensional bridge
between these quantities and time itself.

En τn =
ℏ
En

Figure 1: Conceptual mapping: each energy level En transforms to a temporal charge τn =
ℏ/En.

This transformation (Figure 1) provides the foundation for all subsequent analysis in this
framework.

2 Time–Mass–Energy–Distance Unification

From the definition of τ , we can derive unified expressions for mass, energy, and the Compton
wavelength:

m =
ℏ
c2τ

, E =
ℏ
τ
, λC = cτ.

These relationships demonstrate that τ serves as a common dimensional currency con-
necting temporal, energetic, massive, and spatial scales.
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τ =
ℏ
E

Frequency 1/τ

Compton Length cτ

Independent: Spin, Parity, Jπ

Figure 2: What τ influences (frequency and Compton length) and what remains independent
(spin, parity, and angular momentum quantum numbers).

Figure 2 clarifies the scope of τ : it provides dimensional consistency for energy-related
quantities but does not override intrinsic quantum numbers like spin or parity.

3 Dimensional Consistency

We verify dimensional consistency across multiple physical relations involving τ .

3.1 Mass from τ

Starting from τ = ℏ/(mc2):

m =
ℏ
c2τ

Dimensional check:

[m] =
[J · s]

[m2/s2][s]
=

[kg ·m2/s]

[m2/s]
= [kg] ✓

3.2 Energy from τ

E =
ℏ
τ

Dimensional check:

[E] =
[J · s]
[s]

= [J] ✓

3.3 Compton Wavelength

λC = cτ

Dimensional check:
[λC ] = [m/s][s] = [m] ✓
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3.4 Angular Frequency

ω =
1

τ

Dimensional check:

[ω] =
1

[s]
= [rad/s] ✓

3.5 Emmy Noether’s Theorem and Conservation Laws

Emmy Noether’s 1918 theorem established that every continuous symmetry of a physical
system corresponds to a conservation law. Time-translation symmetry yields energy conser-
vation, space-translation symmetry yields momentum conservation, and rotational symmetry
yields angular momentum conservation.

The τ framework inherits these symmetries. Since τ = ℏ/E, energy conservation im-
plies τ -conservation under time evolution. The deep connection between symmetries and
conserved quantities—Noether’s fundamental insight—ensures that τ -dynamics respects all
known conservation laws while revealing new structure in how time, mass, and energy trans-
form into one another.

τ = ℏ/E

ω = 1/τ

m = ℏ/(c2τ) λC = cτ

Figure 3: Dimensional relationships radiating from τ , connecting frequency, mass, and Comp-
ton length.

All dimensional checks confirm consistency (Figure 3), establishing τ as a valid dimen-
sional bridge between temporal and energetic descriptions.

4 Quantum Mechanics in τ-Space

4.1 Time-Independent Schrödinger Equation

The standard eigenvalue equation:
Ĥψ = Eψ

can be rewritten as:

Ĥψ =
ℏ
τ
ψ

This expresses energy eigenvalues in terms of their characteristic time scales.
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4.2 Harmonic Oscillator

Energy levels:

En = ℏω
(
n+

1

2

)
In τ -space:

τn =
1

ω
(
n+ 1

2

)
This reveals that quantum energy levels correspond to discrete temporal ”charges,” with

higher energy states having shorter characteristic times.

4.3 Hydrogen Atom

Bohr energies:

En = −13.6 eV

n2

Temporal charges:

τn =
ℏn2

13.6 eV

The quadratic dependence on n in energy space becomes an inverse quadratic in τ -space,
suggesting that atomic structure may have an alternative temporal hierarchy.

5 Nuclear Harmonic Test for τ

5.1 Motivation and Scope

Nuclear excited states typically show irregular energy spacing. The central hypothesis of
this framework is that expressing these levels in τ -space may reveal harmonic or monotonic
structure not evident in energy space.

This is an inquiry, not a claim. I have dimensional consistency but lack domain
expertise in nuclear structure. The test below outlines what I think might be worth check-
ing—pending guidance from nuclear physicists on whether it’s viable, trivial, or already ruled
out by existing theory.

5.2 Proposed Test

For a nucleus with known excited states E1, E2, . . . , En:

1. Compute τi = ℏ/Ei for each level

2. Plot τi versus level index

3. Analyze for:

• Linear spacing (harmonic oscillator-like)

• Quadratic relationships (hydrogen-like)
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• Other simple functional forms

E

Energy Levels

τ

τ = ℏ/E

Figure 4: Conceptual comparison: irregular energy spacings (left) versus potential harmonic
spacing in τ -space (right). This is illustrative—actual nuclear data may or may not show
this pattern.

Figure 4 illustrates the conceptual transformation. While energy levels may appear ir-
regularly spaced, their temporal charges might reveal underlying structure.

5.3 Candidate Nuclei

Ideal candidates include:

• 208Pb (many well-characterized excited states)

• 48Ca (doubly magic, clean spectrum)

• Rare earth nuclei (collective excitations)

5.4 What This Test Cannot Answer

This transformation is purely kinematic—it doesn’t propose new nuclear dynamics. The τ
framework cannot predict:

• Why specific magic numbers occur

• The physical mechanism behind shell closure

• Nuclear binding energies from first principles

• Spin-parity assignments or selection rules

What it can test: whether the mathematical structure of nuclear eigenvalues becomes
simpler when expressed as time rather than energy. If τ -space reveals harmonic patterns, it
suggests time may be a more natural coordinate for quantum systems—even if the underlying
physics remains unchanged.
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5.5 Why This Requires Nuclear Chemistry Expertise

As someone with engineering training but no formal background in nuclear physics, I need
guidance on:

1. Which nuclei have sufficiently precise level measurements for this test

2. Whether systematic effects (pairing gaps, rotational bands, vibrational modes) would
obscure or enhance any τ -structure

3. What existing theoretical frameworks already account for level spacing patterns

4. Whether the transformation En → τn is known to collapse to a trivial restatement of
shell model predictions

This is why I’m reaching out to the nuclear structure community rather than attempting
this analysis independently.

5.6 Expected Outcomes

Positive result: Clear harmonic or functional relationships in τ -space would suggest time
is a more fundamental organizing principle than energy for nuclear structure.

Negative result: Random scatter would indicate that τ provides no additional insight
beyond dimensional restatement.

Intermediate result: Partial structure might indicate τ captures some aspects of nu-
clear dynamics while missing others.

5.7 Maria Goeppert Mayer’s Nuclear Shell Model

Maria Goeppert Mayer’s 1949 paper ”On Closed Shells in Nuclei. II” established the nuclear
shell model, showing that nucleons occupy quantized energy levels analogous to electrons in
atoms. Her work explained magic numbers (2, 8, 20, 28, 50, 82, 126) where nuclei show
exceptional stability due to closed shells.

If τ is fundamental, Goeppert Mayer’s shell structure should manifest as harmonic τ-
spacing. Magic numbers would correspond to integer multiples of a ground-state τ0. Excited
states within a shell would show τn ≈ τ0/n, while shell closures would mark transitions to
new harmonic series.

6 Applications Across Physics

6.1 Relativistic Mechanics

Momentum:

p =
ℏ
cτ

Force:

F =
ℏ
cτ 2

dτ

dt
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6.2 Thermodynamics

Partition function:
Z =

∑
n

e−ℏ/(τnkBT )

6.3 Quantum Field Theory

Propagator (schematically):

G ∼
∫
dτ eiS[τ ]

6.4 Cosmology

Dark energy density:

ρΛ =
ℏ

c5τ 4H
where τH is the Hubble time.

7 Experimental Test Suite for τ-Dynamics

7.1 Nuclear Spectroscopy

Primary test: transform known nuclear level schemes into τ -space and search for harmonic
structure.

7.2 Particle Mass Spectrum

Analyze Standard Model particle masses:

τparticle =
ℏ

mparticlec2

Check for patterns in the temporal charge spectrum.

7.3 Atomic Spectroscopy

Rydberg states provide precise energy measurements. Transform to τ -space:

τn =
ℏn2

13.6 eV

7.4 Solid State Physics

Phonon and magnon spectra in τ -representation.

7.5 Cosmological Tests

Compare τ -based dark energy formulation with observational data.
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7.6 Chien-Shiung Wu and Experimental Precision

Chien-Shiung Wu’s 1957 experiment on parity violation in beta decay demonstrated the
power of precision nuclear measurements. Her work, published in ”Experimental Test of
Parity Conservation in Beta Decay,” required meticulous control of cobalt-60 nuclei at cryo-
genic temperatures to detect asymmetry in electron emission.

Testing τ -harmonic spacing requires similar experimental rigor. Energy level measure-
ments must be precise to ∼0.1 keV to resolve τ -structure. Wu’s methodology—careful source
preparation, systematic error analysis, reproducibility across multiple runs—provides the
template for verifying τ -predictions in nuclear data.

1. Select nucleus with many known excited states

2. Convert En → τn = ℏ/En

3. Plot τn vs. level index n

4. Check for harmonic structure (or absence thereof)

Figure 5: Minimal experimental workflow for testing τ -structure in nuclear spectroscopy.

Figure 5 outlines the simplest experimental approach. This can be performed with ex-
isting nuclear data and requires only straightforward mathematical transformation.

8 Theoretical Implications

8.1 Time as Fundamental

If τ -space reveals simpler structure than energy space, it suggests time may be more funda-
mental than energy in quantum systems.

8.2 Dimensional Democracy

The τ -framework treats time, mass, energy, and distance as dimensionally equivalent quan-
tities connected through ℏ and c.

8.3 Compton Clock Hypothesis

Every mass/energy corresponds to a characteristic oscillation period, suggesting an intrinsic
”ticking” rate for matter.
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8.4 Harmonic Universe

The potential emergence of harmonic structure in τ -space hints at an underlying temporal
rhythm in quantum systems.

9 Limitations and Open Questions

9.1 Known Limitations

• τ does not account for spin, parity, or angular momentum

• Transformation is purely kinematic—no new dynamics proposed

• May reduce to dimensional restatement of known physics

9.2 Open Questions

1. Does τ -space reveal structure absent in energy space?

2. Why would nature ”prefer” temporal organization?

3. Can τ -dynamics predict new phenomena?

4. How does τ relate to proper time in general relativity?

10 Conclusion

The temporal charge τ = ℏ/E provides a dimensionally consistent framework for unifying
time, mass, energy, and distance. While dimensional consistency is demonstrated across
multiple domains of physics, the key question remains empirical: does expressing physical
systems in τ -space reveal structure not evident in conventional representations?

The nuclear harmonic test provides a clear, falsifiable prediction. If excited-state ener-
gies show simpler patterns when transformed to τ -space, it suggests time may be a more
fundamental organizing principle than currently appreciated. If not, the framework remains
a valid dimensional restatement without predictive power.

This work invites the experimental community to perform straightforward tests on ex-
isting nuclear data. The transformation requires no new apparatus—only a willingness to
view familiar spectra through a temporal lens.
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