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Abstract

It is difficult to deviate from the foundational methods of scientific understand-
ing. However, it is necessary to explore all avenues of study and interpretations
in order to describe the complexity of spacetime. After struggling to restructure
previous methodologies and equations, I found it best to rebuild from First Prin-
ciples. The interpretation that spacetime is only a mere backdrop of reality has
failed to properly explain the origins of many scientific phenomena. The dynamic
interactions between a physical spacetime and resonance bring forth a theory of
geometric origins.

First Principles:

e Spacetime is formulated as a 3-dimensional braid lattice composed of fundamental
one-dimensional strings.

e Each string possesses an intrinsic tension 7', determining its role in mediating energy
flow and structure.

e Energy must satisfy specific intrinsic conditions dictated by the lattice to form
Resonance.

e Resonance becomes geometrically bound within the spacetime structure and man-
ifests physically as matter.

e The curvature of spacetime arises from the interaction of Resonance with the lattice
configuration.

1 The Foundation:

1.1 Braided String Lattice

The fundamental degrees of freedom are 1D strings arranged in a topologically braided
network, embedded as:

SACHE R?* — R with 0* = (7,0)

with (7, ) labeling the braid strands, and ¢ parameterizing the worldsheet.



String Tension

Each strand carries a fixed tension T{; ;, defining its dynamical weight.

1.2 Metric Built from Braided Strings

The spacetime metric emerges from the cumulative stress contributions of the braid con-

figuration:
gunl) =Y / 4o 69 (1 — Z5)(0)) 70 (2)

(4,9)

where T,SVJ ) is the projected stress-energy contribution from braid (i, 7).

1.3 Scalar Energy Field

A scalar energy field:
O (2)

1.4 String Action with Coupling

The action for each braid strand includes geometric interaction with the scalar field:
Sihe = ~Ty [ o/ (14 €0(E05)())
where the induced metric on the worldsheet is:
T’ = 9 (D)0E(; Dl )

1.5 Wave Kinetic Term

The scalar field Lagrangian in curved spacetime geometry is:

Lo —%gW(m)a@(a;)aV@(x) V(@)

2 The Action

The full action combining the dynamics of both the energy field and braided geometry
is:

5= /d4 Ji( ()0, D(2)0, D ) /d4 /d2 T(1 4+ £B(Z4(0))) 8 (2—Z(0)

Lagrangian

The full Lagrangian density is given by:

£o) = V9 (o (@0, 20)0000) ) =T [ Eay/ ) 1+ €b(=¥(0)



3 Euler-Lagrange Equations

3.1 String Equation

0 (TV/ =) 0,Z"(0)) = —€Tv/=7(0) "0 (Z(0))

Define:

T =8, (T\/T@)'y“babE“(U))
F* = ¢T\/—y(0) 0" ®(Z(0))
Then the equation simplifies to:
TH — _m
This relation expresses how the internal tension T* of the braided string responds to

the scalar field-induced gradient force F'*.

3.2 Energy Field Equation
0, (V=9(2) - " @)0,8(0)) = €T [ do/=3(0) 8"z ~ Z(0)

This equation shows that the scalar field ®(x) is sourced by localized contributions
from the string worldsheet through the energy-coupling interaction.

3.3 Geometric Stress Tensor
T (x) = T/dza V=YP0,E 0,2 W (x — E(0))
Where:
G () = Z / o oW (z — Eij)(0)) Tlsiu’j)(E)

(4,9)

Defines the metric.

4 Newtonian Dynamics

I present a derivation of Newtonian gravity, force, and inertial response from an action
based framework grounded in scalar braid coupling. All effects traditionally attributed
to gravity arise directly from the internal structure of a 1D embedded braid interacting
with a scalar energy field.



4.1 Scalar Potential from Localized Braid Source

The total action includes a kinetic term for a scalar field ®(z) and its coupling to a 1D
braid =Z#(o):

S[E, @] = —T/da\/—_7(1~|—§(l>(5(0))) +/d4$\/—_g (%g“"@u@ ayop) (1)

where 7' is the string tension and ¢ is a dimensionless coupling constant. Varying this
action with respect to ®(x) yields the scalar field equation:

Ob(e) = €7 [ doy=750(a ~ Z(0) 2)

In the static, weak-field limit and assuming a localized braid at the origin, this reduces
to the Poisson equation:

V20(1) = ETLS®) () (3)
whose solution is the emergent gravitational potential:
o §TL
(7)) = —— 4
® =5 (4

This recovers the Newtonian 1/r potential from internal energy geometry.

4.2 Gravitational Force as Scalar Gradient Interaction

A second braid, located at ¥ with tension 7", length L', and coupling £, experiences a
force derived from the interaction term —77¢" [ do®(Z/(0)). Evaluating this yields:

, . &TT'LL  ®
F=-T¢LVO(T) = — . )
§ (@) An EE (5)
Defining the effective inertial masses as m = T'L and m' = T'L’, and identifying the

emergent gravitational constant G = i—i, the force law becomes:

mm/

recovering Newton’s inverse square law with no fundamental mass or G assumed.

4.3 Inertial Response from Resonant Embedding Dynamics

Varying the same action with respect to the braid embedding =#(o) yields an effective
equation of motion for the center-of-mass trajectory x*(t):

M = €L9"D(x) (7)

where M = T'L is again identified as inertial mass. This corresponds directly to Newton’s
second law F* = Ma*, with the force arising from the scalar field gradient sourced by
other braids.



5 Resonance

Resonance occurs when an incoming energy field satisfies the geometric and dynamical
constraints imposed by the braided string lattice. These constraints are defined by the
structure and tension of the embedded strings and determine which waveforms can sustain
continuous energy transfer into the lattice. When alignment occurs, that is, when the
frequency and profile of the scalar field match a natural vibrational mode of the braid,
the energy no longer remains transient. It becomes dynamically trapped, forming a
self-reinforcing vibrational state within the lattice. This trapped configuration defines
Resonance: a localized, standing wave mode that alters the underlying geometry and
becomes integrated into the fabric of spacetime.

5.1 Resonance Lock in Spacetime

I now examine the resonance lock mechanism.

Dynamic Mode Equation

The embedding of the string worldsheet in spacetime is taken to follow a single vibrational
mode:

=(0,1) = an ()9 () (8)

where ¥# (o) is the spatial eigenfunction associated with the n-th mode, and a,(t) is its
time dependent amplitude.

The scalar field ®(z) is coupled to the string configuration via the term ®(Z(o,t)) in
the action. From the full variational principle, I obtain the driven oscillator equation:

Tiin(t) + Tw(an)an(t) + TAy[a,] = ETF,(t) (9)
where:

e w?(a,) is the amplitude dependent natural frequency of the vibrating mode, due to
induced geometry.

A, [a,] encodes nonlinear corrections arising from the variation of the background
metric.

F,(t) is the mode projected driving force from the scalar field.

¢ is the coupling constant.

T is the string tension.

Driving Force from Scalar Field

I define the driving term projected along the mode ¥#(o):

o /dm/ (0.8 () 0,8(2 (0, 1)) (10)

where v = ¢, (2) 0,5 0,=" is the induced worldsheet metric.



Assume a localized scalar field wavepacket of the form:
Oz, t) = Ae " cos(wpt) (11)
Pulling back the gradient onto the string configuration gives:
0, 0((0,1)) = — Ty (1) (o) = HORO s 1) (12)

Substituting into the driving term:

A 2
E,(t) = 52 n n(t) cos(wnt /damw e—n (V5 (0)/20° (13)

Define:
Ian) = [ dov/=y dhun, e (14)
Then: A
Fo(t) = —— an(t) I(an) cos(wnt) (15)
o

Oscillator Equation with Driving

Substituting into the oscillator equation and dividing through by 7', the full dynamic
oscillator equation becomes:

A
i (t) + W2 (an)an(t) + Ayla,] = —€ - —an(t)I(an) cos(wyt) (16)
o
Resonance Growth and Saturation
Linear Regime (a, < o)
In the small-amplitude regime, I expand the exponential:

o—a2U3/207 o

Then:
Han) ~ [ doy/= 4, = N

and: A
F(t) = ——an(t)N cos(wyt)
o

The equation becomes:
. 9 A
n + Wpan = —§ - —a, N cos(wyt) (17)
o

This shows exponential or linear energy growth when w = w,,.



Nonlinear Regime (a, ~ o)
As a,, increases, the exponential suppression in I(a,) activates:
e~ wn2" 5 0= F,(t) = 0

Simultaneously, w?(a,) and A,[a,] grow due to geometric backreaction, stopping further
growth of a,(t).

The system enters saturation, reaching a stable amplitude at which the braid vibrates
without further energy intake from the scalar field. The backreaction encoded in w?(a,)
and A,[a,] ensures that resonance energy cannot grow indefinitely. Geometry reshapes
to confine the wave dynamically, stabilizing the amplitude and locking the vibrational
mode into the braided lattice.

Resonance Energy

The total energy in the resonant mode is given by:

Ru(t) = 5T (@(0) + & (a)a2 (5) + TWa,] (18)

where W]a,] is the potential energy contribution from the nonlinear term A, [a,], defined
by:

an(t)
Wia,) ::/ A, ld] dd
0
At equilibrium (a, = 0, d, = 0), the system locks into a vibrational configuration

storing a fixed amount of resonance energy.

5.2 Mass From Resonance

I define this locked resonance energy as the rest mass:

m = % (19)
Multiplying both sides by ¢? yields the equivalent relation:
R, = mc? (20)
In natural units where ¢ = 1, this simplifies to:
m = R, (21)

e Rest energy E is not abstract but results from a specific geometric configuration:
a standing resonance mode within the braided string lattice.

e Mass is thus not a fundamental quantity, but the signature of confined resonance.

6 The Speed of Light

I derive the maximum allowed phase velocity in the braided string lattice. It is an
emergent saturation bound dictated by the nonlinear oscillator dynamics. This bound
defines the maximal signal speed ¢ in the system.
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6.1 Nonlinear Resonance Dynamics

The time evolution of the n-th vibrational mode amplitude a,(t) is governed by the driven
nonlinear oscillator equation:

ln () + w2 (a,) an(t) + Aplay) = =€ % an(t) I(ay,) cos(wnt) (22)

where:
e w,(a,) is the amplitude-dependent natural frequency of the mode,
e A,[a,] encodes nonlinear corrections from backreaction on the background metric,

e [(a,) is the overlap integral:
I(a,) = / do /=7 U4 (0)thuu(o) e~ n 2 (23)

6.2 Saturation Behavior and Driving Suppression

In the nonlinear regime where a,, 2 o, the exponential term in I(a,) suppresses the
effective driving:
lim I(a,) -0 = Driving force — 0 (24)

Ay —>00

At the same time, both w?(a,) and A,[a,] increase due to geometric backreaction:

d d
—_— —A 2
danwn(an) >0, aa nlan] >0 (25)

Thus, the system becomes energetically saturated: further amplitude growth is sup-
pressed both dynamically and kinematically.

6.3 Phase Velocity Bound

Consider the embedding function:
EM(0,t) = an(t)y (o) (26)

with ¢#(o) = sin(k,0), where k, is the spatial mode number. The phase velocity of the
mode is: (@)
wh(ay,
vp(an) = 7 (27)
Due to saturation, w,(a,) cannot grow arbitrarily. I define the emergent maximal fre-
quency as:

Wn(an) < Wmax @S ap — 0" (28)

Then, the corresponding phase velocity is bounded:

vp(ay,) < Pmax ¢ (29)

This defines the maximal resonance speed in the lattice:

¢ = sup (“’”]i:”) ) (30)
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Summary:

This emergent quantity ¢ is not postulated, but rather a ceiling resulting from:
e The collapse of scalar driving (/(a,) — 0)
e The feedback-induced increase of w?(a,) and A, |a,]

e The fixed spatial eigenstructure (k, mode quantization)

7 Resonance Relativity

I derive the structure of special relativity, including the energy-momentum relation and
relativistic particle dynamics, from resonance dynamics. Unlike historical approaches
that treat £ = mc? as a consequence of Lorentz invariance, here the relation emerges
as a definition of rest mass from localized energy confinement in the fabric of spacetime.
From this, full relativistic kinematics and dynamics follow as consequences.

Rest Mass as Confined Resonance Energy

As shown, the total resonance energy stored in a locked vibrational mode 1, (o) of a braid
embedding =#(o,t) is given by:

Ru(t) = 5T (@3(0) + & (@)a(6) + TW]a,] (31)

The rest mass has been defined:

R, = mc? (32)

7.1 Four Momentum from Resonant Embedding Dynamics

I consider a traveling resonance structure =#(7) parameterized by proper time 7 along the
confined mode. The proper time is defined intrinsically by the oscillator phase progression
within the braid, which remains locally invariant under lattice transformations.

I define the four-velocity as

U* d=" 33
Todr (33)

and the four-momentum as
Pt .= R,U* (34)

In a given inertial frame, where the braid center of mass moves at velocity v, I recover
the standard special relativistic expressions:

E =P =~R,* (35)

p=7RsU (36)

with the Lorentz factor v = ﬁ The energy and momentum are derived from the
—ve/c

embedding’s geometry and resonance evolution, not imposed kinematically.



7.2 Energy-Momentum Invariant
Substituting into the Minkowski metric yields:
P'P, = R2U"U, = R3¢ (37)
the invariant mass relation emerges:
E? — |p*c® = R (38)

This reproduces the energy momentum structure of special relativity, as a consequence
of the braid’s locked energy configuration and translational motion through the lattice.

7.3 Relativistic Particle Action

The Lagrangian includes scalar coupling and geometric backreaction:

5 =T [ doy/=3(0) (1 + €B(E(0) (39)

For a localized resonance locked mass, I define an effective worldline action by integrating
out internal o dependence:

&ﬁ:—Ri/m- (40)
This is the standard action for a relativistic point particle of mass, where m is dynamically

derived from resonance confinement. Variation yields:

@ =¢(L0MP(x) (41)
dr

recovering the covariant relativistic force law, with the scalar field gradient playing the
role of gravitational interaction. The braid responds to internal field gradients via defor-
mations in its embedding.

Summary

e All relativistic kinematics,time dilation, length contraction, four-momentum, and
energy-momentum invariance, result from resonance dynamics.

e The speed of light ¢ is the maximal allowed resonance phase velocity in the spacetime
lattice.

8 Spacetime Curvature

Gravity is not treated as an independent force but emerges as a manifestation of space-
time curvature induced by resonance. Resonant energy configurations deform the local
geometry, and this deformation gives rise to gravitational effects.

Spacetime Field Equation

The geometry of spacetime emerges from the internal stress and resonance coupling of
embedded braid structures.
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Metric The spacetime metric is not fundamental; it is a composite object built from
the worldsheet embeddings =# (o) of the braided string lattice:

ula) =3 [ 0/ S20)1"(0) 0,2 (0) 0 (0) 5 o~ Zap()) (42
(i.4)

with the induced worldsheet metric

Yab(0) = G (2(0)) 0aE"(0) DZ"(0) (43)
so that g,,(z) = g,w[2(0)] is defined by the embedding of the string.
Curvature Tensor To define a dynamical curvature tensor from this emergent struc-

ture, I consider the second order functional response of g,,(z) to infinitesimal deforma-
tions of the embedding:
5guy(x) 52guV(x)

d=r (o) I=r(0) 0=* o)
Contracting the second variation with a bilocal, symmetric geometric weight tensor
172 (o, 0’) yields the intrinsic curvature tensor defined by the symbol S

)= [0 V@S V) o ) o) )

The weight tensor is constructed from internal worldsheet geometry:

(o, 0") == 7" (o) v**(0") 0,27 (0) 0.2 (0”) Kya(o, o) (46)

(44)

[1]c¢

with Kyq(o,0") a symmetric bi-tensor kernel such as

Kpi(0,0") = 6 6*(0 = o) (47)
Ki(o,0') = (o) 8* (0 — o) (48)

Resonance Source Term The right side of the field equation, ¥*(x), encodes the
net internal geometric influence from resonance influence:

UH () := Z / do /=y 7% 0,E" 9= 6W (z — Eij)(0)) (49)

The final spacetime curvature equation is then defined:

= = g (50)

Where the left side encodes intrinsic curvature induced by the braided lattice, and the
right side is the total resonance influence contributing to gravitational effects.

Summary

%
—_—

e The curvature tensor =, is constructed from internal deformations of the string
lattice.

e The curvature equation = = U* captures the dynamical balance between emer-
gent curvature and internal string excitation, with no added external sources or
classical curvature terms.
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Symbol Glossary

Symbol

Units

Description

Foundation: Braided String Lattice

Eig (@)

O.a

Ty, T

G ()

Nuv

§W(z —Z(0))
7’ ()
Yab, ,-)/((le’])
7, 7(0)

V(@)
S&D . S
L(x)
®(x)

¢

T,LL

[Length]

[Time], [Length]
[Energy]/[Length]
spacetime metric
Dimensionless
[Length]~*
Energy]/[Length]?

Dimensionless
[Energy]/[Length]?
[Energy]/[Length]?
[Energy] - [Time]
[Energy]/[Length]?
[Energy]'/?
Dimensionless
[Energy]/[Length]?

[Energy|/[Length]

[Length] ™!, [Time]

[Length] !
[Energy]/[Length]?

Embedding of braid strand (7,7) in spacetime,
o = (1,0)

Worldsheet coordinates: 7 (time), o (space)
String tension for strand (i, j) or general string

Minkowski metric (flat background)
Dirac delta for worldsheet-to-spacetime mapping

Stress tensor from strand (i, j)

Induced metric on worldsheet (general or strand)
Determinant of induced metric

Spacetime volume element

Inverse metric

Scalar field Lagrangian density

Scalar field potential energy

Worldsheet action or total action

Full Lagrangian density at x

Scalar energy field

Coupling constant (string-field)

Internal tension vector

Force from scalar field on string

Derivative w.r.t. worldsheet coordinates (a =
T,0)

Spacetime derivative

Stress tensor density from worldsheet
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Symbol Units Description
Resonance
(o, 1) [Length| Embedding for single vibrational mode
a,(t) Dimensionless Amplitude of mode n
(o) Dimensionless Eigenfunction for mode n
wn(ayn), w, [Time]™! (Amplitude-dependent) frequency of mode n
A, lan] [Time] 2 Nonlinear vibrational correction
F.(t) [Energy|/[Length]  Mode-projected driving force
(o, t) [Length)? Determinant of induced metric at (o, t)
A [Energy|*/2 Amplitude of scalar wavepacket
o [Length] Spatial width of wavepacket
r [Length] Radial coordinate
I(ay,) [Length] Mode-overlap integral
N [Length] Norm of mode function
an [Time] ! Time derivative of a,,
R [Energy]/[Length]> Resonance energy
Wia,] [Time] 2 Nonlinear potential, [;™ A,[a']dd’
m [Energy] Resonant rest mass (¢ = 1)
c [Length] /[Time] Speed of light
Symbol Units Description
Gravity
O'®(Z(0)) [Energy]'/? - [Length]~' Spacetime derivative of scalar field on braid
o Dimensionless Inverse worldsheet metric
=M (o) [Length] Braid embedding in spacetime
= () [Length] 2 Curvature tensor:
W (x) [Energy]/[Length]? Effective resonance source tensor for curvature
[ 2

Length]

Worldsheet volume element
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