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Abstract 

This paper proposes and systematically elaborates a framework for the isomorphism of 

physical laws based on the “stiffness-inertia duality.” Research reveals that numerous core 

formulas—from classical mechanics to quantum field theory, from condensed matter physics 

to cosmology, and even including string theory and loop quantum gravity—can be expressed 

as a functional relationship between a “stiffness term” (driving/restoring factor) and an “inertia 

term” (response/storage factor). The most fundamental form is 𝑣 = ඥ𝑥/𝑦, where 𝑥 is the 

generalized stiffness and 𝑦 is the generalized inertia. 

Taking the elastic wave speed formula 𝑣௦ = ඥ𝐺/𝜌 as a prototype, we demonstrate how to 

construct a self-consistent logical network based on it, connecting the six fundamental 

dimensions of physics (length, mass, time, force, velocity, density) and extending to other 

physical quantities such as temperature, charge, and entropy. The framework successfully 

incorporates the core formulas of quantum mechanics, special and general relativity, the 

Standard Model, quantum electrodynamics, condensed matter physics, and further extends 

to string theory and loop quantum gravity, revealing deep mathematical isomorphisms 

among these seemingly disparate quantum gravity theories. 

We propose a unified stiffness-inertia Lagrangian formalism and derive several novel relations 

for strongly correlated condensed matter systems. The study suggests that “stiffness-inertia 

balance” may reveal a universal mathematical structure underlying physical laws, providing a 

new explanatory perspective and methodological tool for cross-scale, cross-disciplinary 

unification of physics, and offering a possible framework for the integration of quantum 

gravity with established physics. 

1. Introduction 

One of the ultimate pursuits of physics is unification—seeking a concise mathematical 

framework to describe all fundamental interactions and phenomena in nature. From 

Newtonian mechanics to Maxwell's electromagnetism, to the Standard Model, the path of 

unification has advanced continuously. However, the chasm between quantum mechanics 

and general relativity, along with the diversity of numerous phenomenological formulas, 

suggests the need for a new unification paradigm. 



This paper begins with a simple observation: in fields such as elasticity, electromagnetism, 

and fluid dynamics, wave speed formulas consistently appear in the form 𝑣 = ඥ𝑥/𝑦 , 

where 𝑥  characterizes the system's restoring or driving capability (stiffness), 

and 𝑦  characterizes its resistance or storage properties (inertia). This inspires our core 

hypothesis: The balance between “stiffness” and “inertia” may be the common 

mathematical structure underlying the response behavior of all physical systems. 

Through systematic cross-branch formula sorting and logical construction, we demonstrate 

the broad applicability of this framework and explore its potential to encompass and unify 

quantum gravity theories such as string theory and loop quantum gravity. 

2. The Stiffness-Inertia Isomorphism Framework: Core Definitions and Mathematical 

Forms 

2.1 Basic Concepts 

 Stiffness Term 𝑥 : The generalized “force” that drives system change or restores 

equilibrium. Includes mechanical stiffness (elastic moduli 𝐺, 𝐾 ), electromagnetic 

stiffness (1/𝜀଴, 𝑒
ଶ), gravitational stiffness (𝐺𝑀), quantum stiffness (Planck constant ℏ, 

energy gap Δ), thermodynamic stiffness (𝑘஻𝑇), etc. 

 Inertia Term 𝑦: The generalized “resistance” that hinders system change or stores 

energy. Includes mass density (𝜌), spacetime inertia (speed of light 𝑐, cosmological 

constant Λ), quantum inertia (ℏ), heat capacity (𝐶௏), impedance, etc. 

 Isomorphic Forms: Physical quantities can be expressed as 𝑓(𝑥, 𝑦) . Three basic 

forms recur: 

1. Velocity-type: 𝑣 = ඥ𝑥/𝑦 (e.g., wave speed) 

2. Force-type: 𝐹 = 𝑥/𝑦 or 𝐹 = 𝑥 ⋅ 𝑦 (e.g., Newton's second law) 

3. Energy-type: 𝐸 = 𝑥 ⋅ 𝑦 or 𝐸 = 𝑥ଶ/𝑦 (e.g., mass-energy equivalence) 

2.2 Isomorphic Expressions for the Six Fundamental Dimensions 

Placing the six dimensions of length, mass, time, force, velocity, and density within the 

stiffness-inertia framework, we find they can all be mutually defined and related through 

stiffness term 𝑥 and inertia term 𝑦, forming a logical closed loop (Figure 1). 

Dimension 
Example 

Formula 

Stiffness 

Term 𝑥 

Inertia 

Term 𝑦 

Isomorphic 

Form 

Length 𝐿 𝑟௦ = 2𝐺𝑀/𝑐ଶ 𝐺𝑀 𝑐ଶ 𝐿 ∼ 𝑥/𝑦 

Mass 𝑚 𝑚 = 𝐸/𝑐ଶ 𝐸 𝑐ଶ 𝑚 = 𝑥/𝑦 

Time 𝑡 𝑡௣ = ඥℏ𝐺/𝑐ହ ℏ𝐺 𝑐ହ 𝑡 = ඥ𝑥/𝑦 

Force 𝐹 𝐹 = 𝑚𝑎 𝑎 1/𝑚 𝐹 = 𝑥/𝑦 

Velocity 𝑣 𝑣௦ = ඥ𝐺/𝜌 𝐺 𝜌 𝑣 = ඥ𝑥/𝑦 



Dimension 
Example 

Formula 

Stiffness 

Term 𝑥 

Inertia 

Term 𝑦 

Isomorphic 

Form 

Density 𝜌 𝜌 = 𝑚/𝑉 𝑚 𝑉 𝜌 = 𝑥/𝑦 

*Table 1: Examples of stiffness-inertia decomposition for fundamental physical dimensions.* 

3. Validation of Isomorphism Across Physical Branches 

3.1 Classical Physics and Continuum Mechanics 

Elastic wave speeds 𝑣௦ = ඥ𝐺/𝜌  and 𝑣௣ = ඥ(𝐾 + 4𝐺/3)/𝜌  are the prototypes of the 

framework. The speed of sound 𝑐௦ = ඥ𝐾/𝜌 has exactly the same form. 

3.2 Electromagnetism and Optics 

The speed of light formula 𝑐 = ඥ1/(𝜀଴𝜇଴) is a perfect embodiment of 𝑣 = ඥ𝑥/𝑦, with 𝑥 =

1/𝜀଴  (electrical stiffness) and 𝑦 = 𝜇଴  (magnetic inertia). The plasma frequency 𝜔௣ =

ඥ𝑛𝑒ଶ/(𝑚௘𝜀଴) also conforms to this form. 

3.3 Quantum Mechanics 

 Schrödinger equation 𝑖ℏ ∂௧𝜓 = 𝐻෡𝜓: Quantum inertia ℏ balances energy stiffness 𝐻෡. 

 Heisenberg uncertainty principle Δ𝑥Δ𝑝 ≥ ℏ/2 : Quantum inertia ℏ  constrains the 

stiffness of conjugate variables. 

 Harmonic oscillator energy levels 𝐸௡ = ℏ𝜔(𝑛 + 1/2) : Quantum 

stiffness ℏ𝜔 combines with excitation number inertia 𝑛. 

3.4 Relativity 

 Lorentz factor 𝛾 = 1/ඥ1 − 𝑣ଶ/𝑐ଶ : Motion stiffness 𝑣  is constrained by spacetime 

inertia 𝑐. 

 Einstein field equations 𝐺ఓఔ =
଼గீ

௖ర
𝑇ఓఔ : Matter-energy stiffness 𝑇ఓఔ  balances with 

spacetime inertia 𝐺/𝑐ସ. 

3.5 Particle Physics: Standard Model 

 Higgs mechanism: Vacuum expectation value 𝑣 = ඥ−𝜇ଶ/𝜆, i.e., the balance between 

potential stiffness −𝜇ଶ and self-coupling inertia 𝜆. 

 Gauge boson mass 𝑚ௐ = 𝑔𝑣/2 : Gauge coupling stiffness 𝑔  combines with 

symmetry-breaking inertia 𝑣. 

 Fermion mass 𝑚௙ = 𝑦௙𝑣/√2 : Yukawa coupling stiffness 𝑦௙  combines with Higgs 

inertia 𝑣. 

3.6 Condensed Matter Physics 

 Superfluid second sound speed 𝑐ଶ = ඥ𝜌௦𝑇𝑠
ଶ/(𝜌௡𝐶௏) : Superfluid 

stiffness 𝜌௦ competes with thermal inertia 𝜌௡𝐶௏. 

 BCS gap equation: Electron-phonon coupling stiffness 𝑉 balances with density of 



states inertia 𝑁(0). 

 Quantum Hall conductance 𝜎௫௬ = 𝜈𝑒ଶ/ℎ: Topological stiffness (Chern number 𝜈) 

combines with quantum inertia ℎ. 

3.7 Thermodynamics and Statistical Physics 

In the ideal gas law 𝑃𝑉 = 𝑛𝑅𝑇, thermal motion stiffness 𝑇 balances with spatial confinement 

inertia 𝑉. Entropy 𝑆, as a measure of disorder, can be viewed as thermodynamic inertia. 

3.8 Cosmology 

The Friedmann equation 𝐻ଶ =
଼గ

ଷ
𝜌 −

௞௖మ

௔మ
+

ஃ௖మ

ଷ
 can be seen as the cosmic expansion 

stiffness 𝐻ଶ  determined by the combined effects of matter density stiffness 𝜌 , spatial 

curvature inertia 𝑘/𝑎ଶ, and vacuum stiffness Λ. 

4. Extension to Quantum Gravity Theories 

4.1 String Theory 

 String mass spectrum: 𝑀ଶ =
ଶ

ఈᇲ
(𝑁 + 𝑁෩ − 2) . Can be rewritten as 𝑀 =

ඥ𝑇௦(𝑁 + 𝑁෩ − 2)/𝜋, where string tension 𝑇௦ = 1/(2𝜋𝛼ᇱ) is the stiffness, and excitation 

number 𝑁 is the quantum inertia. 

 Holographic duality (AdS/CFT): The boundary field theory's coupling 

stiffness 𝑔YM
ଶ  relates to the bulk spacetime's geometric inertia (AdS radius 𝐿 ) 

via 𝑔YM
ଶ ∼ (𝐿/𝑙௦)𝑔௦. 

4.2 Loop Quantum Gravity (LQG) 

 Area quantization: 𝐴 = 8𝜋𝛾𝑙௉
ଶඥ𝑗(𝑗 + 1). Minimum area stiffness 𝑙௉

ଶ  combines with 

spin representation inertia ඥ𝑗(𝑗 + 1). 

 Volume quantization: Similarly, discrete volume is the accumulation of three-

dimensional quantum stiffness. 

 Black hole entropy: 𝑆 =
ఊబ

ఊ

஺

ସ௟ು
మ , where geometric stiffness 𝐴/𝑙௉

ଶ and quantum inertia 

parameter 𝛾 jointly determine information storage capacity. 

4.3 A Unified Perspective on Quantum Gravity 

String theory and LQG exhibit profound mathematical isomorphism within the stiffness-

inertia framework: both involve a square root relationship between a “fundamental 

quantum stiffness” and an “excitation inertia.” String theory emphasizes the tension 

stiffness of extended objects, while LQG emphasizes the area stiffness of discrete geometry. 

This suggests they might be different “phases” of the same underlying theory in different 

parameter spaces or energy scales. 

5. Unified Formalism: The Stiffness-Inertia Lagrangian Framework 

We propose a unified Lagrangian density form: 

ℒ[Φ] =
1

2
𝑔௜௝(Φ)∇ఓΦ

௜∇ఓΦ௝ − 𝑉(Φ) 

 

where: 



 𝑔௜௝(Φ): Generalized inertia tensor, determining the resistance to field variations. 

 𝑉(Φ): Generalized stiffness potential, containing interactions and symmetry breaking. 

Starting from this form, by choosing different field variables Φ and specific 𝑔௜௝ , 𝑉 , the 

equations of motion for various physical branches can be naturally derived. Under the small 

vibration approximation, a universal dispersion relation 𝜔ଶ = (𝐾eff𝑘
ଶ +𝑀eff)/𝑔eff is obtained, 

providing a unified explanation for various wave speed formulas. 

6. Derivation of New Formulas and Applications: The Case of Strongly Correlated 

Condensed Matter Systems 

As an example of the framework's application, we focus on strongly correlated condensed 

matter systems and derive several novel relations: 

1. Effective Mass Renormalization Formula: 

𝑚∗

𝑚
= ඨ1 + ൬

𝑈

𝑊
൰
ଶ

+ 𝛼 ൬
𝑇

𝑇∗
൰
ఉ

 

 

Unifies the competitive effects of kinetic stiffness 𝑊 , repulsive stiffness 𝑈 , and thermal 

inertia 𝑇 on the electron effective mass. 

2. Unified Expression for Superconducting Transition Temperature: 

𝑘஻𝑇௖ =
ℏଶ

2𝑚∗
𝜉pair
ିଶ ⋅ 𝑓 ቆ

Δsc

Δpseudo
ቇ 

 

Explicitly separates the contributions of pairing stiffness (inverse coherence length 𝜉pair
ିଶ ), 

carrier inertia (effective mass 𝑚∗), and competing order (pseudogap Δpseudo). 

3. Quantum-Geometry-Inspired Correction for Twisted Bilayer Graphene: 

𝑘஻𝑇௖ ∼
ℏଶ𝑛௦
𝑚eff

∗ ⋅ ൬1+𝛾
⟨Quantum Metric⟩
⟨Berry Curvature⟩ ൰ 

 

Explains how additional stiffness provided by quantum geometry can sustain a finite 

superconducting transition temperature in flat-band systems (where 1/𝑚band
∗ → 0). 

7. Discussion 

7.1 Significance of the Framework 

1. Provides a New Unifying Perspective: Unlike traditional force unification, it focuses 

on the mathematical isomorphism of response patterns, potentially closer to the deep 

essence of physical laws. 

2. Breaks Down Disciplinary Barriers: Provides a rigorous conceptual framework and 

common language for analogies within physics and with other disciplines (e.g., 

biophysics, complex systems). 

3. Deepens Understanding of Physical Constants: Constants can be seen as 

benchmark ratios of specific stiffness-inertia combinations (e.g., 𝑐 =

ඥ(1/𝜀଴)/𝜇଴, ℏ as quantum phase inertia). 

7.2 Connections to Existing Theories 

 Effective Field Theory: The stiffness-inertia framework can be seen as its physical 

formulation, with stiffness terms corresponding to relevant operators and inertia 



terms determining the suppression of irrelevant ones. 

 Dualities: Various dualities in physics (electromagnetic duality, S-duality, holographic 

duality) often involve an exchange of stiffness and inertia roles. 

 Renormalization Group: The running of stiffness and inertia with energy scale 

describes the evolution of physical laws with observation scale. 

7.3 Limitations and Future Directions 

 Non-locality of Quantum Entanglement: How to perfectly describe it with local 

stiffness-inertia language needs further developing。 

 Origin of the Arrow of Time: The framework itself is time-reversal symmetric; 

explaining irreversibility requires introducing additional principles (e.g., initial 

conditions, information inertia). 

 Experimental Tests: More clear, falsifiable predictions need to be extracted from the 

framework, especially in the realms of quantum gravity and cross-scale correlations. 

8. Conclusion 

This paper systematically proposes a framework for the isomorphism of physical laws based 

on “stiffness-inertia duality.” Through extensive cross-branch validation, it demonstrates the 

framework's powerful capability in describing physical phenomena from classical to quantum, 

from microscopic to cosmological scales. The framework not only successfully unifies the core 

formulas of known physical branches but also incorporates string theory and loop quantum 

gravity into a unified mathematical structure, offering a new perspective for the exploration 

of quantum gravity. 

We further propose a unified formal Lagrangian system and, using strongly correlated 

condensed matter systems as an example, demonstrate the framework's potential for deriving 

new relations and guiding theoretical construction. The core insight of the stiffness-inertia 

framework is that: The essence of physical laws may lie not in the details of interactions, 

but in the universal pattern of how systems respond to external perturbations or internal 

fluctuations—namely, the dynamic balance between stiffness (driving/restoring) and 

inertia (resisting/delaying). 

This framework is not a “theory of everything” in the traditional sense but rather a “meta-

theory” or “theory grammar.” It provides us with a powerful set of conceptual tools and a 

mathematical language for understanding the unity of the physical world, designing new 

materials, and exploring unknown domains. Future work will focus on further mathematical 

rigorization of the framework, developing material design principles based on stiffness-inertia 

ratios, and exploring its applications in broader fields such as artificial intelligence and 

complex networks. 

 


