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Abstract 

The Tensional Structure Principle (TSP) proposes that the universe is composed of a nonlocal 
network of Planck-scale elements under tension. Space�me emerges as the stable 
equilibrium configura�on of this network. Gravity arises not as curvature of a manifold or as 
a field, but as the gradient of tension between adjacent structural elements. Physical 
constants, including the gravita�onal constant G, emerge from the microscopic parameters 
of the tension network. 

The TSP thus provides a unified physical mechanism for gravity, space�me, dark energy, and 
cosmology without invoking fields or curvature as fundamental en��es. The Big Bang is 
interpreted as a fluid-to-solid phase transi�on in the tension network. A deriva�on shows 
how Newton’s constant G can arise from structural parameters. It is not fundamental. This 
framework offers a physically grounded alterna�ve to geometric and field-based descrip�ons 
of gravita�on. 

Résumé 

Le principe de structure tensionnelle (TSP) postule que l'univers est cons�tué d'un réseau 
non local d'éléments à l'échelle de Planck soumis à une tension. L'espace-temps émerge 
comme la configura�on d'équilibre stable de ce réseau. La gravité n'apparaît pas comme la 
courbure d'une variété ou comme un champ, mais comme le gradient de tension entre des 
éléments structurels adjacents. Les constantes physiques, y compris la constante 
gravita�onnelle G, découlent des paramètres microscopiques du réseau de tension. 

Le TSP fournit ainsi un mécanisme physique unifié pour la gravité, l'espace-temps, l'énergie 
noire et la cosmologie, sans faire appel aux champs ou à la courbure en tant qu'en�tés 
fondamentales. Le Big Bang est interprété comme une transi�on de phase de l'état fluide à 
l'état solide au sein du réseau de tension. Une démonstra�on montre comment la constante 
de Newton G peut émerger de paramètres structurels ; elle n'est pas fondamentale. Ce cadre 
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offre une alterna�ve physiquement fondée aux descrip�ons de la gravita�on fondées sur la 
géométrie et les champs. 
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Preface 

This work began with a ques�on that has persisted since Newton first wrote about gravity: 
What is the physical mechanism underlying gravita�onal atrac�on? Einstein reframed 
gravity as curvature of space�me. Yet even general rela�vity does not iden�fy a physical 
substrate for space�me itself. 

The Tensional Structure Principle (TSP) emerged from my atempt to iden�fy a simple, 
physically meaningful founda�on for gravity and space�me. The TSP is a structural theory: it 
describes what space�me is made of, how it forms, and why gravity behaves as it does. 

Instead of beginning with geometry or fields, the TSP begins with a single primi�ve: tension. 
The universe is modeled as a nonlocal network of Planck-scale elements—mats—connected 
through tension. Space�me is the equilibrium configura�on of this network. Gravity is the 
gradient of tension between adjacent mats. 

This work builds on my two-domain model [1, 2, 3, 4, 5] with separa�on of rela�vis�c effects 
and entanglement effects in a galaxy. My subsequent work [6] used the two-domain model 
and proposed a conceptual framework in which both the gravita�onal constant G and the 
phenomenon commonly referred to as dark energy arise from a single physical mechanism of 
extended mats — formed during an early-universe phase transi�on. My further work [7] 
considered an alternate formula�on, based on qubit patches. 

Addi�onal materials [8, 9, 10, 11, 12] represent the conceptual landscape in which the TSP is 
situated. They are not direct sources for the theory but provide context for its development. 

1. Introduc�on, Historical Context, and Ontology 

1.1 Introduc�on 

The search for a physical mechanism underlying gravity has persisted for more than three 
centuries. Newton described gravita�onal atrac�on with unmatched precision but famously 
declined to propose a cause. Einstein reframed gravity as curvature of space�me, replacing 
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ac�on-at-a-distance with geometry. Yet even general rela�vity does not iden�fy what 
space�me is made of, nor why it possesses the elas�c proper�es required to curve. 

What is space�me? Why does it have structure? What is the physical origin of gravity? Why 
does the gravita�onal constant G have the value it does? What happened at the Big Bang? 
Why is the universe accelera�ng? 

The TSP proposes a simple answer: the universe is a network of Planck-scale elements under 
tension. Space�me is the equilibrium configura�on of this network. Gravity is the gradient of 
tension between adjacent elements. Cosmology emerges from the global behavior of the 
tension network. 

The TSP is a structural theory: it describes the physical substrate from which space�me and 
gravity emerge. It does not require a medium embedded in space; it proposes that the 
medium is space. 

This manuscript develops the TSP from first principles, beginning with the ontology of the 
tension network, then deriving the emergence of space�me, the behavior of gravity, and the 
cosmological implica�ons of the structure. 

1.2 Historical Context 

The history of gravita�onal theory can be viewed as a sequence of increasingly abstract 
descrip�ons: 

1. Newton described the behavior of gravity, but not its cause. 
2. Einstein described gravity as geometry, but not the physical substrate of that 

geometry. 
3. Quantum field theory describes forces as mediated by fields and par�cles, but does 

not unify gravity with the other interac�ons. 
4. Quantum gravity approaches atempt to quan�ze space�me, but do not iden�fy a 

physical mechanism for its existence. 

The TSP approach is reminiscent of early mechanical models, but with a crucial difference: 
the tension network is nonlocal. Each mat interacts with many others, not just its immediate 
neighbors. This nonlocality allows the network to reproduce the smoothness of space�me 
and the long-range behavior of gravity. 

The TSP also provides a physical interpreta�on of the Big Bang. Instead of a singularity, the 
TSP describes the early universe as a fluid-like phase of the tension network that solidified 
into the structure we now call space�me. This phase transi�on naturally produces expansion 
and provides a mechanism for dark energy. 
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The historical trajectory of gravita�onal theory suggests that a physical mechanism for 
space�me has been missing. The TSP proposes such a mechanism. 

1.3 Ontology of the Tensional Structure 

The TSP begins with a single primi�ve en�ty: the mat. A mat is a Planck-scale structural 
element that possesses tension. It has no mass, charge, spin, or geometric extent. Its only 
property is its par�cipa�on in the tension network. 

The mats are connected in a nonlocal network. Each mat is linked to many others, forming a 
web of tension. The network is dynamic: mats adjust their tension in response to the 
tensions of the mats they are connected to. The equilibrium configura�on of this network is 
what we perceive as space�me. 

The ontology of the TSP can be summarized as follows: 
1. Mats are the fundamental units of structure. 
2. Tension is the fundamental physical quan�ty. 
3. The network of mats is nonlocal. 
4. Space�me is the equilibrium configura�on of the network. 
5. Gravity is the gradient of tension between mats. 
6. Physical constants emerge from the structural parameters of the network. 

This ontology is deliberately minimal. It does not assume geometry, fields, or par�cles. These 
emerge from the behavior of the tension network. 

To illustrate the ontology, consider a simple analogy: a net under tension. The net has no 
inherent geometry; its shape is determined by the tensions in its strands. If one region of the 
net is pulled, the tension redistributes, and the net deforms. In the TSP, space�me is the net, 
and gravity is the redistribu�on of tension. 

The analogy is imperfect, because the TSP network is nonlocal and exists at the Planck scale, 
but it conveys the essen�al idea: structure emerges from tension. 

2. Core Theory 

2.1 The Tensional Structure 

The Tensional Structure Principle begins with a single physical assump�on: the universe is 
composed of a network of Planck-scale structural elements under tension. These elements, 
called mats, are not par�cles, fields, or geometric points. They have no mass, charge, or 
spa�al extent. Their only property is tension. 
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Each mat is connected to many others in a nonlocal network. The number of connec�ons per 
mat is large, and the patern of connec�vity is irregular but sta�s�cally uniform. The mats 
adjust their tension in response to the tensions of the mats they are connected to. The 
network seeks equilibrium, and the equilibrium configura�on is what we perceive as 
space�me. 

The mats are not embedded in space. They are the structure from which space emerges. The 
network does not exist within a geometric manifold; the manifold is the macroscopic 
descrip�on of the network’s equilibrium. 

The fundamental quan�ty in the TSP is tension. All physical behavior arises from the 
distribu�on and gradients of tension in the network. The mats respond to tension 
differences, and these responses propagate through the network. The propaga�on of tension 
disturbances corresponds to the propaga�on of physical influence. 

The TSP does not assume a metric, a field, or a curvature. These emerge from the behavior 
of the tension network. The metric is the macroscopic descrip�on of the equilibrium 
configura�on. Curvature is the macroscopic descrip�on of tension gradients. Fields are 
emergent paterns of tension varia�on. 

2.2 Equilibrium Condi�ons 

The equilibrium of the tension network is defined by the condi�on that the net tension on 
each mat is zero. If a mat is connected to N other mats, and the tension in the connec�on to 
mat i is Ti, then the equilibrium condi�on is: 

T1 + T2 + T3 + … + TN = 0         (1) 

This is a vector equa�on. Each tension has a direc�on determined by the structural 
rela�onship between mats. The equilibrium condi�on ensures that the network is stable. 

When the network is in equilibrium, the macroscopic structure is smooth and con�nuous. 
This smooth structure is what we call space�me. The equilibrium configura�on defines the 
metric proper�es of space�me. 

If the equilibrium is disturbed, tension gradients arise. These gradients propagate through 
the network. The propaga�on of tension gradients corresponds to the propaga�on of 
physical influence. In the macroscopic descrip�on, this appears as the propaga�on of 
gravita�onal effects. 

The network’s nonlocal connec�vity ensures that local adjustments influence distant regions. 
This nonlocality is essen�al for reproducing the long-range behavior of gravity. 
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2.3 Emergence of Space�me 

Space�me emerges as the equilibrium configura�on of the tension network. The mats do not 
have posi�ons in a pre-exis�ng space. Their rela�onships define the structure that becomes 
space. 

To describe the emergence of space�me, consider a region of the network in equilibrium. 
The mats are arranged in a patern that minimizes tension. This patern has a macroscopic 
interpreta�on as a smooth manifold. The distances between points in this manifold 
correspond to the equilibrium tensions between mats. 

The metric of space�me is an emergent property of the network. It is not fundamental. The 
metric arises from the equilibrium configura�on of tension. If the tension distribu�on 
changes, the metric changes. This is the physical origin of curvature. 

Curvature is not a property of a geometric manifold. It is a macroscopic descrip�on of 
tension gradients in the network. When tension is uniform, space�me is flat. When tension 
varies, space�me curves. 

The emergence of space�me can be summarized as follows: 
1. Mats form a nonlocal network. 
2. The network seeks equilibrium. 
3. The equilibrium configura�on defines a smooth structure. 
4. This structure is space�me. 
5. The metric is the macroscopic descrip�on of equilibrium tension. 
6. Curvature is the macroscopic descrip�on of tension gradients. 

This view provides a physical mechanism for space�me. It explains why space�me has elas�c 
proper�es and why it responds to mass and energy. 

2.4 Gravity as a Tension Gradient 

Gravity arises from tension gradients in the network. When a mass is present, it alters the 
tension of the mats in its vicinity. This creates a gradient of tension that propagates through 
the network. Other masses respond to this gradient, moving toward regions of higher 
tension. 

To describe gravity quan�ta�vely, consider a mass M located at a point in the network. The 
presence of M increases the tension of the mats connected to it. The tension decreases with 
distance from M. The gradient of tension produces a force on another mass m. 

The gravita�onal poten�al φ(r) is propor�onal to the tension at distance r from M. The force 
on m is the gradient of the poten�al: 
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F = −m ∇φ           (2) 

In the TSP, the poten�al is not a field in space. It is the macroscopic descrip�on of tension in 
the network. The gradient of tension produces the force we call gravity. 

The gravita�onal constant G emerges from the structural parameters of the network. It is not 
fundamental. It depends on the average tension, the connec�vity of the mats, and the 
response of the network to disturbances. 

The TSP reproduces the inverse-square law because the tension gradient around a mass 
decreases with distance in a way that corresponds to the geometry of the emergent 
space�me. The inverse-square behavior is not imposed; it emerges from the structure. 

2.5 Structural Field Behavior 

The tension network supports disturbances that propagate through it. These disturbances 
correspond to physical fields. The propaga�on speed of disturbances is determined by the 
structural parameters of the network. In the macroscopic descrip�on, this speed is the speed 
of light. 

The network supports both longitudinal and transverse disturbances. Longitudinal 
disturbances correspond to changes in tension. Transverse disturbances correspond to 
changes in the configura�on of mats. These disturbances interact, producing the rich 
behavior of physical fields. 

The TSP does not require quan�za�on at the fundamental level. Quan�za�on emerges from 
the discrete nature of the mats and the constraints on their interac�ons. The Planck scale 
arises naturally from the size and tension of the mats. 

3. Cosmology and Deriva�ons 

3.1 Big Bang as a Phase Transi�on 

In the Tensional Structure Principle, the early universe is not a singularity but a phase of the 
tension network with fluid-like behavior. Before space�me existed, the mats were not locked 
into a stable equilibrium configura�on. Their tensions fluctuated freely, and the network 
lacked the rigidity required to support a metric structure. 

This pre-space�me phase can be described as a high-temperature, high-entropy state in 
which the mats interacted without forming stable tension rela�onships. There was no 
geometry, no distance, and no curvature. The network existed, but it had not yet solidified 
into space�me. 



8 
 

As the network cooled, the mats began to form stable tension rela�onships. These 
rela�onships propagated through the network, crea�ng a global equilibrium structure. This 
transi�on from fluid-like behavior to solid-like behavior is the physical event we call the Big 
Bang. 

The Big Bang is therefore not an explosion in space. It is the forma�on of space. The rapid 
expansion observed in cosmology corresponds to the rapid propaga�on of equilibrium 
rela�onships through the network. As the mats locked into stable tension configura�ons, the 
emergent space�me expanded. 

This interpreta�on resolves several conceptual issues: 
1. The singularity is replaced by a phase transi�on. 
2. The horizon problem is resolved because the mats were already connected nonlocally 

before space�me formed. 
3. Infla�on is not required; the rapid establishment of equilibrium produces the 

observed uniformity. 
4. The ini�al condi�ons of the universe arise naturally from the structural proper�es of 

the network. 

The TSP provides a physical mechanism for the origin of space�me and explains why the 
universe appears homogeneous and isotropic on large scales. 

3.2 Dark Energy as Residual Tension 

Dark energy is interpreted in the TSP as residual tension in the network. When the mats 
solidified into space�me, not all tension was released. Some residual tension remained, 
distributed uniformly throughout the network. This residual tension exerts a uniform 
outward influence on the equilibrium structure. 

In the macroscopic descrip�on, this influence appears as a cosmological constant. The 
expansion of the universe accelerates because the residual tension acts uniformly on all 
regions of space�me. The magnitude of the cosmological constant is determined by the 
amount of residual tension. 

To describe this quan�ta�vely, consider the average residual tension T0 in the network. The 
cosmological constant Λ is propor�onal to T0: 

Λ = k T0           (3) 

where k is a structural constant determined by the connec�vity and response of the mats. 
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This interpreta�on explains why the cosmological constant is small but nonzero. The residual 
tension is a small frac�on of the total tension in the network, but it is sufficient to influence 
the large-scale behavior of space�me. 

Dark energy is not a mysterious field or a property of empty space. It is a structural feature of 
the tension network. 

3.3 Deriva�on of the Gravita�onal Constant G 

One of the central claims of the TSP is that the gravita�onal constant G is not fundamental. It 
emerges from the structural parameters of the tension network. To derive G, we consider the 
response of the network to a mass M. 

A mass increases the tension of the mats connected to it. The increase in tension propagates 
through the network, crea�ng a gradient. The strength of the gradient depends on the 
average tension T, the connec�vity N of the mats, and the response coefficient α, which 
describes how mats adjust their tension. 

The gravita�onal poten�al at distance r from mass M is propor�onal to the tension at that 
distance. The force on another mass m is the gradient of the poten�al. 

To derive G, we consider the equilibrium condi�on for a spherical distribu�on of mats around 
mass M. The tension at distance r is: 

T(r) = T − (α M) / (4π r²)         (4) 

The gravita�onal poten�al is propor�onal to T(r). The force on mass m is: 

F = −m dT(r)/dr          (5) 

Differen�a�ng T(r) with respect to r gives: 

dT(r)/dr = (2 α M) / (4π r³)         (6) 

The force becomes: 

F = −m (2 α M) / (4π r³)         (7) 

To match Newton’s law of gravita�on: 

F = −G M m / r²          (8) 

we iden�fy: 

G = (2 α) / (4π r)          (9) 
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At the macroscopic scale, r corresponds to the effec�ve spacing of the mats in the emergent 
space�me. This spacing is on the order of the Planck length. Subs�tu�ng the Planck length Lp 
gives: 

G = (2 α) / (4π Lp)          (10) 

This expression shows that G depends on the response coefficient α and the Planck-scale 
spacing of the mats. It is not a fundamental constant but an emergent quan�ty. 

This deriva�on is a sketch, but it demonstrates that the TSP can produce the correct form of 
Newton’s law and iden�fy the origin of G. 

3.4 Predic�ons of the TSP 

The Tensional Structure Principle makes several predic�ons that dis�nguish it from other 
theories: 

1. Space�me has a discrete structure at the Planck scale. 
2. Gravity is not quan�zed at the fundamental level; quan�za�on emerges from the 

discrete nature of the mats. 
3. The cosmological constant is propor�onal to residual tension. 
4. The speed of light is determined by the propaga�on speed of tension disturbances. 
5. Black holes correspond to regions where the tension network collapses into a 

degenerate configura�on. 
6. Gravita�onal waves are tension disturbances propaga�ng through the network. 
7. The early universe did not require infla�on; uniformity arises from nonlocal 

connec�vity. 
8. The value of G can vary slightly in regions where the structural parameters differ. 
9. Dark mater effects may arise from varia�ons in connec�vity rather than unseen 

mass. 

These predic�ons provide opportuni�es for empirical tes�ng. The TSP is not merely a 
conceptual framework; it is a physical theory with measurable consequences. 

4. Summary 

The Tensional Structure Principle offers a physically grounded alterna�ve to geometric and 
field-based descrip�ons of gravity and space�me. By beginning with tension as the 
fundamental physical quan�ty and modeling the universe as a nonlocal network of 
Planck-scale mats, the TSP provides a mechanism for the emergence of space�me, the 
behavior of gravity, and the large-scale evolu�on of the cosmos. 

The TSP resolves several conceptual issues that have persisted in gravita�onal theory: 
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1. Physical Mechanism for Gravity. Gravity is not curvature of a manifold or a field in 
space. It is the macroscopic effect of tension gradients in the network. This provides a 
physical cause for gravita�onal atrac�on. 

2. Origin of Space�me. Space�me is not fundamental. It emerges from the equilibrium 
configura�on of the tension network. This explains why space�me has elas�c 
proper�es and why it responds to mass and energy. 

3. Big Bang Interpreta�on. The Big Bang is a phase transi�on in the tension network, 
not a singularity. This resolves the horizon problem and eliminates the need for 
infla�on. 

4. Dark Energy. Dark energy is residual tension le� over from the forma�on of 
space�me. This provides a natural explana�on for the cosmological constant. 

5. Value of G. The gravita�onal constant G emerges from the structural parameters of 
the network. It is not fundamental. This opens the possibility of slight varia�ons in G 
in regions where the network’s proper�es differ. 

6. Nonlocality. The nonlocal connec�vity of the mats explains the long-range behavior 
of gravity and the uniformity of the universe. 

7. Quan�za�on. Quan�za�on emerges from the discrete nature of the mats. The TSP 
does not require quan�za�on at the fundamental level. 

The TSP is a structural theory. It does not replace general rela�vity or quantum field theory 
but provides the physical substrate they lack. General rela�vity describes the macroscopic 
behavior of the tension network. Quantum field theory describes the behavior of 
disturbances in the network. The TSP provides the founda�on on which both frameworks 
rest. 

Future work will involve developing the mathema�cal formalism of the tension network, 
exploring the implica�ons for black hole physics, and iden�fying empirical tests that can 
dis�nguish the TSP from other theories. The TSP is not complete, but it offers a coherent and 
physically meaningful star�ng point for understanding the structure of the universe. 
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