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Abstract. Interaction implies a shared substrate, identified here as energy. Ordered registrations of that energy are joined by flow rather than by primitive creation or annihilation. From that source-free continuity, the book derives Maxwellian double-curl transport, shows that standing flow organizes discretely, recovers Schrodinger dynamics as a narrow-band approximation of the same wave equation, and then treats charge as the signed shell reading of chiral closure, mass as the aggregate scalar energy of standing configurations, and gravity as refraction generated by the surviving monopole of summed positive energy.
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Preface

There is an old observation, so obvious it is easy to overlook: for two things to interact, they must share something that can be mutually affected.

The fact that we register interaction at all implies a shared substrate. Throughout this book, we call that substrate energy.

All that is required to recover known physics is the concept of energy. Static energy, in the sense developed in what follows, could not be experienced. What reaches us are the effects of the redistribution of energy. By registering those effects we infer its continuous flow.

This is not a limitation to be overcome. What we have access to is the consequence of its flow. And it turns out that is enough.

The pages that follow ask a single question, pursued with as few assumptions as possible: if something exists and redistributes continuously, what must follow?

The answer is, as we shall see, at least all of known physics.




Part I





1. Something Exists

The minimal starting point of physical description is the bare fact that something exists and is seen to change. We notice change because we register differences: a scratch on a table, a shifted shadow, a moved object.

Call this something u. Its presence can be at least partially described relative to itself by writing u(r), where r is a label for relative position within the extent of u:

u(r) ≥ 0.

The name we give to u is energy.

If apparently distinct things exist and interact, they are not fundamentally independent substances. They are configurations of u. Interaction is therefore always only between u and itself.

In this book, u names that one interacting substance: all that physically exists.1 This single assumption - that something real is present as a nonnegative magnitude across its extent - is the ontological foundation of all known physics. Nothing more primitive is assumed in what follows.

So u states what is present. The next task is to describe how that same presence redistributes continuously without ceasing to be one thing.






1. There cannot, by definition, be another kind of existence if it is to interact with the physical.





2. Energy Flows

A single registered distribution of energy,

u(r),

says only how energy is distributed across the extent of u.

If another registered distribution differs from it, we may label the two records

u1(r),   u2(r).

Change is the acknowledgement of a difference between distributions. But the ordered difference

u1 → u2

is not yet continuity. It says only that one registration follows another. It does not yet say whether the later registration is reached by local redistribution, by imposed drift, or by primitive creation and annihilation.

Nothing in this step assumes a primitive infinitesimal or minimal change. The whole extent is registered again as

u2(r),

and every position is considered anew in that registration.

What is observed is not disappearance in one part of the extent of u and reappearance in another, but continuous reconfiguration. Energy present in one part is registered in another. This reconfiguration is not one fact, with transport added afterward as an interpretation. The transport is the local form of the reconfiguration itself.

This source-free continuity explains how organized existence can persist without local creation or annihilation. It does not claim to derive structured becoming from a trivial zero state; some nontrivial seed or originary structure must already be present.

To describe energy flow is to describe how the same energy is redistributed within itself from one ordered registration to another. Reconfiguration in u and transport through u are therefore the same event, viewed in scalar and vector form. Call the continuous flow that joins the ordered registrations

F.

This is not a second substance added to u. It is the same energy considered in motion rather than as a registered scalar distribution.

F is not a recipe for following one tagged parcel of energy from place to place. It is posed simultaneously for all r in the extent. It describes how the whole registered distribution reorganizes at once, not how one marked point is carried through a pre-given background.

The energy field u tells us how much energy is present. The flow F tells us that the same energy moves continuously. The local bookkeeping for particular ordered registrations is the next step.




3. Continuity

Chapter 2 named the continuous joining flow F. For a particular ordered pair of registrations, we now write the local bookkeeping of that same flow as

S(r; 1, 2).

This does not introduce a second flow beside F. It is the registration-to-registration accounting of that one continuous flow for the ordered pair (1, 2). So transport is not something that happens after reconfiguration; it is the local structure of that reconfiguration.

Continuity now makes a local claim: a region changes only through exchange with neighboring regions across its boundary.

The difference

u2(r) − u1(r)

is understood as the result of a redistribution of the same energy within itself, described by a flow connecting the two registrations. Energy in a region changes only by crossing its boundary to a neighboring region.

In one direction, say the x-direction, the statement is

u2 − u1 + ∂xS12 = 0.

Here S12 refers to the redistribution flow connecting registrations 1 and 2, that is, the bookkeeping summary of the continuous flow F across that ordered pair. The equation does not say that change is small. It says that the difference between registrations is locally accountable by transport.

The statement is local, but it is imposed at once across the whole extent of u. It constrains how the whole registered distribution can change while remaining one continuous reconfiguration of u.

This is accounting of energy, not yet its dynamics. It is like accounting for the brightness of the pixels on a screen without yet recognizing the image they compose.1

Continuity is therefore the statement that an ordered difference between registrations is a redistribution of the same energy. The scalar change in the energy field u, the continuous joining flow F, and the ordered bookkeeping by S are three writings of the same continuous event. Together they give closed bookkeeping.

We now turn to exploring the implied consequences of this energy accounting in free space.






1. As Plato and many others observed, one can become skilled at recognizing images, patterns, and regular sequences of appearance while remaining ignorant of what produces them. Physics can encode repeatable regularities without thereby laying hold of the underlying causes. Even so, such encoding is far better than treating the screen as uniform brightness alone.





4. No Sources or Sinks

Across the extent of u, continuity holds. Energy transported across a region does not create or destroy energy there. Rather, it changes how much energy is stored there by moving it across regions.

In the present book we derive the transport core without introducing primitive source or sink terms. Energy transported across a region does not create or destroy energy there. A primitive source or sink would require either that the total amount of u change or that disconnected regions compensate one another without transport between them.

This is the source-free continuity statement used from here on: no added creation term, no added destruction term, only transport. Nothing here says that one cannot later write effective source terms. It says only that they are not needed to recover the observed effects later attributed to charge, mass, and gravity.

Charge, mass, and other related source-like quantities appear here as organized closures or effective summaries of one continuous energy flow, not as primitive terms inserted from outside. Point-like behavior, including radial 1/r2 effects, will be recovered later within this same source-free energy flow.

Even if one later writes ad hoc source terms in Maxwell’s equations, those terms must still be understood in this framework as belonging to the same flow and its organized closures.

So the point is not that source notation is forbidden. The point is that it is not necessary, and hence not primitive. The core of the transport of energy and the behaviors later recovered as charge or mass are already present once structured configurations of the same flow are allowed. If a reader prefers sourced Maxwell notation, those terms can be introduced later as ideal or effective summaries.

Continuity gives local accounting. We now explore what it implies for the shape of the continuous flow as a complete process.

Although S handles a directional accounting of how energy is transported from one registration to another, it does not yet reveal the structure of the continuous flow F itself. The next chapters develop that structure.

We next consider the transport of energy across empty space.




5. Divergence-Free Flow

Regional conservation uses the accounting field S. It gives region-by-region bookkeeping between ordered registrations. The shape of the continuous transport joining those registrations comes next. For that we use the flow field F. This is not an imposed drift carrying a pattern through space. It is the shape of the redistribution of energy as a whole.

Source-free transport cannot begin or end at an isolated point, since such points would by definition be a source or a sink of flow 1. If energy leaves one small region, it must pass into another neighboring one. Looked at as a whole, the transport has no primitive starts or stops. It may therefore close on itself, cross the chosen boundaries of neighboring regions, or form other connected recurrent structure rather than disconnected beginnings and endings.

This is the geometric content of calling the flow divergence-free. For the fundamental flow field, that condition is

∇ ⋅ F = 0.

Source-free transport, understood as a complete pattern, has no primitive endpoints. Local gain or loss of stored energy is still tracked by the regional accounting of chapter 4 through S. What is added here is the shape of the same process as a continuous whole, described by F.

Locally, the picture is circulation. Circulatory structure is natural in the source-free case, even though not every individual flow line need be a closed loop. The next question is how local evolution of F must be described in order to preserve this source-free structure.

Divergence-free language is therefore not the origin of anything. It is the mathematical encoding of a prior physical fact: source-free flow has no primitive beginnings or endings. The connected structure comes first. The vector equation is the language we later use to write it down.






1. The boundaries here are chosen bookkeeping surfaces inside u, not physical edges where flow begins or ends. The same continuous flow crosses them from one region into the next.





6. Curl Preserves Flow

Recall the continuous energy flow field, F(r), whose ordered bookkeeping between registrations was written in earlier chapters as S(r; 1, 2).

To preserve the source-free character of the transport seen in experiments, local evolution must allow the flow of energy without introducing primitive endpoints. We therefore ask what kinds of local update can reorganize F while maintaining its source-free nature.

To express more precisely the idea of accounting for flow across a boundary, take any region V with closed boundary ∂V. Gauss’s theorem gives

∫V∇ ⋅ (ΔF) dV = ∮∂VΔF ⋅ dA.

This says that divergence measures the net transport across a closed boundary. In the source-free case, every such boundary must give zero net flow. No separate charges, masses, sources, or sinks are inserted into the accounting: there is only energy being transported. The divergence must therefore remain identically zero.

A purely algebraic change, such as rescaling

F ↦ λF,

can strengthen or weaken what is already there, but it does not explain how the flow turns or reorganizes in space in more complex ways. Furthermore, it leaves zeros where they are and adds no new spatial structure.

Nor is it enough to say that the whole pattern is simply translated. That would already require an imposed drift carrying the pattern through space. The present question is narrower and more primitive: what local reorganization of the field itself preserves source-free continuity without importing such extra structure?

If the evolution of F is written as the gradient of some field ϕ,

ΔF = ∇ϕ.

then, taking the divergence ∇⋅,

∇ ⋅ (ΔF) = ∇2ϕ,

which is generally nonzero.

Such an update can compress, expand, begin, or end the transport. It does not preserve source-free reorganization.

What does preserve the source-free condition identically is a rotation.

For any vector field A, we can express source-free evolution of F as

ΔF = ∇ × A   ⇒   ∇ ⋅ (ΔF) = 0.

To make this explicit, in three dimensions, write

A = (Ax, Ay, Az).

Then, by definition,

∇ × A = (∂yAz − ∂zAy, ∂zAx − ∂xAz, ∂xAy − ∂yAx),

and therefore

∇ ⋅ (ΔF) = ∂x∂yAz − ∂x∂zAy + ∂y∂zAx − ∂y∂xAz + ∂z∂xAy − ∂z∂yAx = 0.

The mixed derivatives cancel pairwise. That is why curl preserves the source-free condition identically.

Curl therefore preserves source-free structure identically. It is the differential form of source-free reorganization: continuous turning, with no tearing and no start or end points introduced by the evolution itself.




7. Double Curl Closure and the Wave Equation

Chapter 6 established that source-free energy flow must reorganize by curl if it is to preserve its divergence-free structure. That identifies the admissible local turn. The next question is what closed transport form follows from that fact.

A single curl gives one local reorganization of the flow. But the flow is present at every point, so the closure must remain within that same field throughout the extent. The minimal closure is therefore a second curl of the same field. Write

∂t2F = −c2 ∇ × (∇ × F),   ∇ ⋅ F = 0,

with c the propagation speed fixed by the closure.

Use the standard vector identity

∇ × (∇ × F) = ∇(∇ ⋅ F) − ∇2F.

In the source-free case,

∇ ⋅ F = 0,

so the first term vanishes and we obtain

∇ × (∇ × F) = −∇2F.

Substituting this into the expression above gives

∂t2F = c2∇2F.

So the transporting flow itself satisfies the vector wave equation

∂t2F − c2∇2F = 0,   ∇ ⋅ F = 0.

The derivation is now explicit. Chapter 6 identified curl as the differential form of source-free reorganization. Here energy is flowing at every point, and that same field appears under curl twice. The identity

∇ × (∇ × F) = ∇(∇ ⋅ F) − ∇2F

together with

∇ ⋅ F = 0

leaves

∇ × (∇ × F) = −∇2F,

so

∂t2F = −c2 ∇ × (∇ × F) = c2∇2F.

That is the wave equation just written.

Like every field relation in this book, this equation is posed simultaneously for all r in the extent. It does not track one tagged parcel of energy through a pre-given background. It constrains how the whole organized flow can reconfigure while remaining one continuous transport.

This wave equation does not yet impose a particular global closure. It permits propagating organization in open space and standing organization on a closed support. The next chapter resolves this one transporting flow into two complementary aspects, written later in the familiar variables E and B. The chapter after that derives the self-refraction principle by which those two aspects bend the transport of the same field. Only after that does the book ask what standing organizations remain once that self-bending becomes strong enough to produce closure.

That later two-aspect resolution does not change the point established here. The transporting object is still the one source-free flow F, and its local form is the wave equation just derived.




7a. Two Complementary Aspects of Flow

Chapter 7 recovered one source-free transporting field

F

obeying the wave equation. To connect that one field with the conventional electromagnetic writing, we now resolve its local transport into two complementary transverse aspects.

The point is not to replace one substrate by two. The point is to show that the local transport data of one flow can be written as a pair of orthogonal aspects whose conventional names are E and B.


Local transport data

At each point, let

u(r, t) > 0,   S(r, t)

denote the local energy density and energy flux of the one transporting field.

Because the flow transports energy at speed at most c, the local transport data satisfy the bound

|S| ≤ cu.

Equality holds for purely propagating transport. Strict inequality allows locally retained or standing content.



Orthogonal two-aspect resolution

If S ≠ 0, define the local transport direction

$$
\hat{\mathbf s}:=\frac{\mathbf S}{|\mathbf S|}.
$$

If S = 0, choose any unit vector $\hat{\mathbf s}$.

Now choose any unit vector $\hat{\mathbf e}$ orthogonal to $\hat{\mathbf s}$, and define

$$
\hat{\mathbf b}:=\hat{\mathbf s}\times\hat{\mathbf e}.
$$

Then

$$
(\hat{\mathbf e},\hat{\mathbf b},\hat{\mathbf s})
$$

is a right-handed orthonormal frame.

Resolve the one transporting flow into two transverse aspects

$$
\mathbf F_+ := X\,\hat{\mathbf e},
\qquad
\mathbf F_- := Y\,\hat{\mathbf b},
$$

with nonnegative magnitudes X, Y still to be chosen.

We require this pair to reproduce the local transport data by

$$
u=\frac{|\mathbf F_+|^2+|\mathbf F_-|^2}{2},
$$

and

S = c F+ × F−.

Since

$$
\hat{\mathbf e}\times\hat{\mathbf b}=\hat{\mathbf s},
$$

these become the scalar conditions

$$
X^2+Y^2=2u,
\qquad
XY=\frac{|\mathbf S|}{c}.
$$



Existence

Set

$$
\rho:=\frac{|\mathbf S|}{cu}.
$$

By the transport bound,

0 ≤ ρ ≤ 1.

Choose an angle θ ∈ [0, π/4] such that

sin (2θ) = ρ.

Now define

$$
X:=\sqrt{2u}\,\cos\theta,
\qquad
Y:=\sqrt{2u}\,\sin\theta.
$$

Then

X2 + Y2 = 2u,

and

$$
XY
=
2u\cos\theta\sin\theta
=
u\sin(2\theta)
=
\frac{|\mathbf S|}{c}.
$$

So the pair

$$
\mathbf F_+=\sqrt{2u}\cos\theta\,\hat{\mathbf e},
\qquad
\mathbf F_-=\sqrt{2u}\sin\theta\,\hat{\mathbf b}
$$

reproduces the given local transport data exactly.

Therefore every admissible local transport state of the one field can be written as a pair of orthogonal transverse aspects.



Conventional electromagnetic writing

Now define the conventional fields by the rescalings

$$
\mathbf F_+ := \sqrt{\varepsilon_0}\,\mathbf E,
\qquad
\mathbf F_- := \frac{\mathbf B}{\sqrt{\mu_0}}.
$$

Then

$$
u
=
\frac{|\mathbf F_+|^2+|\mathbf F_-|^2}{2}
=
\frac{\varepsilon_0}{2}|\mathbf E|^2
+
\frac{1}{2\mu_0}|\mathbf B|^2,
$$

and, since

$$
c=\frac{1}{\sqrt{\varepsilon_0\mu_0}},
$$

also

$$
\mathbf S
=
c\,\mathbf F_+\times\mathbf F_-
=
\frac{1}{\mu_0}\,\mathbf E\times\mathbf B.
$$

So the usual Maxwell writing is recovered as the conventional normalization of the two complementary aspects of one flow.



Interpretation

The two-aspect split is not unique. Rotating the transverse pair

$$
(\hat{\mathbf e},\hat{\mathbf b})
$$

about $\hat{\mathbf s}$ changes the local representation while preserving the same local transport data.

What is fixed is the structure:


	one transporting field,

	one local propagation direction,

	two orthogonal transverse aspects,

	one common energy density and flux.



This is why the book treats E and B as complementary aspects of one organized flow rather than as two substances.



Next Step

The two-aspect resolution is local. It says how one transporting field is written at a point.

The next chapter asks what happens when distinct portions of those same two aspects meet and interact as one common field. That is the self-refraction principle.





7b. Self-Refraction

Chapter 7 recovered source-free transport, and Chapter 7a resolved that transport into two complementary transverse aspects. What remains is to understand how a single field can bend its own path.

No second substrate is required. Distinct portions of the same transporting field interact when they are realized in a common overlap region. The question is how this overlap modifies transport.


Coherent overlap and quadratic loading

Because the loading is positive, it can be written as the square of an amplitude-like quantity:

u = |f|2.

Let two coherent contributions of the same transporting flow be

f1,   f2.

When they join, the amplitudes add first:

fjoin = f1 + f2.

So the joined local loading is

ujoin = |fjoin|2 = |f1 + f2|2 = |f1|2 + |f2|2 + 2|f1||f2|cos δ,

where δ is the relative phase between the two flows, f1 and f2.

Writing

u1 := |f1|2,   u2 := |f2|2,

gives

$$
u_{\mathrm{join}} = u_1 + u_2 + 2\sqrt{u_1u_2}\cos\delta.
$$

For equal contributions,

u1 = u2 = u0,

the joined local readout becomes

ujoin = 2u0(1 + cos δ).

Therefore

0 ≤ ujoin ≤ 4u0.

At first sight, both endpoints are surprising: coherent overlap seems to produce a fourfold local loading for free, while destructive overlap seems to erase the joined energy altogether.

But in all cases energy is conserved, so these endpoints have to be interpreted through continuity on the full overlap region, not by the local square-law readout alone.

For two equal inputs, the incoming two-stream budget is still the original u0 + u0 = 2u0 before any particular recovery geometry is considered.



Finite overlap region

The physical explanation starts from continuity on a finite overlap region Ω:

$$
\frac{d}{dt}\int_{\Omega} u\,dV
=
-\oint_{\partial\Omega}\mathbf J\cdot\mathbf n\,dS.
$$

No primitive source or sink is allowed. So whatever energy enters the overlap region must either


	leave through some part of its boundary, or

	remain transiently stored inside the region.



Over a fixed interval Δt, let one thin inflow of cross section A occupy the realized transport volume

V0 := Ac Δt.

If two equal inflows enter the overlap region, then before interaction the incoming budget is

μin = 2E,   Vin = 2V0.

So the incoming mean density is

$$
\bar u_{\mathrm{in}}
=
\frac{\mu_{\mathrm{in}}}{V_{\mathrm{in}}}
=
\frac{2E}{2V_0}
=
\frac{E}{V_0}.
$$



Constructive recombination

If the two inflows are in phase,

δ = 0,

then the joined local readout reaches

ujoin = 4u0.

Now suppose the overlap region recovers the two inflows on one loaded branch over the same interval. Then the realized transport volume falls from 2V0 to V0 while the carried content remains 2E:

μout = 2E,   Vout = V0.

Since in this case

μout = μin = 2E,   Vout = V0.

The mean density on that loaded branch is

$$
\bar u_{\mathrm{out}}
=
\frac{\mu_{\mathrm{out}}}{V_{\mathrm{out}}}
=
\frac{2E}{V_0}
=
2\bar u_{\mathrm{in}}.
$$

This is the exact compression statement: the mean density doubles because the same transported content is recovered on half the transport volume.



Destructive overlap

If instead the two inflows are out of phase,

δ = π,

then the joined local readout reaches

ujoin = 0.

This needs interpretation. The continuity equation tells us that the incoming energy cannot simply disappear, but the joined forward branch now contributes no local readout.

The correct conclusion is not that a sink has appeared. It is that the joined forward branch is not the channel on which the incoming content is recovered.

For a finite overlap region, continuity leaves only two possibilities:


	the incoming content reappears through other parts of the boundary,

	or the flows separate again after the overlap and recover the original two-branch distribution.



This is also the place to distinguish the amplitude-like quantity from the recovered density. The sign or phase can reverse in f, but the recovered density

u = |f|2

does not become negative. It can only vanish at a node and then reappear elsewhere.

That spatial reappearance becomes explicit when the relative phase varies across the overlap region. Let two equal contributions have the form

f1(x) = Aeikx,   f2(x) = Ae−ikx.

Then

fjoin(x) = f1(x) + f2(x) = 2Acos (kx),

so the recovered density is

u(x) = |fjoin(x)|2 = 4|A|2cos2(kx).

Writing

u0 := |A|2,

this becomes

u(x) = 4u0cos2(kx).

Therefore

$$
u(x)=0
\qquad
\text{at}
\qquad
x=\frac{(2n+1)\pi}{2k},
$$

while

$$
u(x)=4u_0
\qquad
\text{at}
\qquad
x=\frac{n\pi}{k}.
$$

The amplitude-like quantity fjoin(x) changes sign across each node because cos (kx) changes sign there. The density does not invert. It vanishes at the node and reappears at separated antinodes.

Over one spatial period

$$
\lambda = \frac{2\pi}{k},
$$

the mean recovered density is

$$
\frac{1}{\lambda}\int_0^\lambda u(x)\,dx
=
\frac{1}{\lambda}\int_0^\lambda 4u_0\cos^2(kx)\,dx
=
2u_0.
$$

So the two-stream mean budget is recovered exactly, even though some points are dark. The local zero is therefore not a sink. It is one part of a spatially redistributed density pattern.

This example does not realize δ = π at every point. It shows the generic case in which local destructive points are paired with local constructive points, and the two-stream budget is recovered by spatial redistribution.

In the second case, if no new local recompression occurs, the natural recovery is simply

u0 + u0 = 2u0.

So destructive overlap does not create a contradiction and does not prove that no real overlap region is possible. It proves only that an everywhere-dark joined branch cannot itself be the full recovery geometry. If a finite overlap region produced zero joined readout everywhere and no reappearance elsewhere on the outgoing pattern, that region would act as a sink and would therefore be forbidden.

To obtain a fresh 4u_0 readout after destructive overlap, the transport must undergo a new constructive recombination into one branch.



What the square law does and does not do

The square form

u = |f|2

does not create or remove energy. It does two precise jobs:


	it gives the local readout of the branch being sampled,

	it makes the phase-sensitive cross term explicit.



The continuity argument is separate. It tells us how the transported content is recovered across the whole overlap region.



Effective advance

Transport along each realized path still proceeds at the local rate c.

What changes is not the microscopic transport speed but the coarse-grained lag of a branch that must recover two inflows on one realized transport volume over the same interval.

In the constructive case above, the loaded branch carries

μout = 2E

on

Vout = V0,

whereas the same total transported content had previously been distributed over

Vin = 2V0.

Equivalently,

ūout = 2ūin.

That doubled mean density is the local compression statement. The effective advance is only a compact summary of the corresponding lag on that loaded branch.

If one wants a compact summary of that lag without carrying the full inflow and outflow bookkeeping every time, it is convenient to write an effective advance rate

ceff < c

and a corresponding effective index

$$
n_{\mathrm{eff}} := \frac{c}{c_{\mathrm{eff}}} > 1.
$$

On a locally surviving loaded branch, a convenient summary is

$$
n_{\mathrm{eff}} := \frac{\bar u_{\mathrm{out}}}{\bar u_{\mathrm{in}}},
\qquad
c_{\mathrm{eff}} = \frac{c}{n_{\mathrm{eff}}}.
$$

So in the constructively recombined case,

$$
\bar u_{\mathrm{out}} = 2\bar u_{\mathrm{in}}
\qquad\Longrightarrow\qquad
c_{\mathrm{eff}} = \frac{c}{2}.
$$

This summary applies only to a branch that actually survives the overlap. When the forward joined branch vanishes in destructive overlap, one returns instead to the finite-region continuity statement and the redirected or re-separated recovery geometry.



Effective index

The effective index is therefore not a second mechanism. It is the compact way to write that, on locally surviving loaded branches, more strongly superposed regions lag more strongly than weakly loaded ones.



Proportional background response

There is also a direct local route to the same effective advance on the reinforcing branch.

Treat the second contribution not as a second independent substance but as the background response induced by the first. In the same way one writes

P = χE,

one may write the reinforcing response of the same flow as

f2 = kf1,   k ≥ 0.

This shortcut concerns only the reinforcing branch. When the local sum vanishes, one does not assign a negative effective advance to a non-existent forward branch; one returns instead to the finite-region continuity statement above.

Then the joined flow is

ftot = f1 + f2 = (1 + k)f1.

So the joined local loading is

utot = |ftot|2 = |1 + k|2|f1|2 = (1 + k)2u1.

In the reinforcing case it is therefore natural to write

neff := 1 + k.

Then

utot = neff2u1.

Continuity then gives the matching lag statement: if one surviving outflow must recover what is now loaded by the factor neff, the effective advance is

$$
c_{\mathrm{eff}} = \frac{c}{n_{\mathrm{eff}}}.
$$

So the proportional-response shortcut closes the same circle:

$$
f_2 = kf_1
\quad\Longrightarrow\quad
f_{\mathrm{tot}} = (1+k)f_1
\quad\Longrightarrow\quad
u_{\mathrm{tot}} = (1+k)^2u_1
\quad\Longrightarrow\quad
c_{\mathrm{eff}} = \frac{c}{1+k}.
$$

For the equal-contribution case,

k = 1,

so

$$
f_{\mathrm{tot}} = 2f_1,
\qquad
u_{\mathrm{tot}} = 4u_1,
\qquad
c_{\mathrm{eff}} = \frac{c}{2}.
$$

This is the easiest local route from superposition to the effective-medium summary.



Local bending

If different regions of a wavefront have different loading, then they do not advance equally.


	higher density implies lower ceff,

	lower density implies higher ceff.



So one side of the wavefront lags behind the other.

That lag bends the transport toward the more strongly loaded side.

This is refraction.

No external medium is required. The field bends because different parts of the same flow are superposed and compressed by different amounts.



Retarded self-overlap

In a self-interacting configuration, the overlap is not produced by two independent laboratory beams. It is produced when a later portion of the same flow enters a region already shaped by an earlier portion.

Let γ(s) be a transport line. Then a point at s interacts with earlier positions sret satisfying

|γ(s) − γ(sret)| = c (t − tret).

For a harmonic field,

E(s, t) = ℜ [Ẽ(s)e−iωt],

the retarded contribution is

Eret(s, t) = ℜ [Ẽ(sret)e−iωteiωτ],   τ = t − tret.

So self-interaction appears as a phase-delayed contribution carried by the earlier flow.

In coarse form, this may be summarized by writing

$$
D = \epsilon E_{\mathrm{loc}} + P_{\mathrm{self}},
\qquad
H = \frac{1}{\mu}B_{\mathrm{loc}} - M_{\mathrm{self}},
$$

with

Pself ≈ ϵχe, effEloc,   Mself ≈ χm, effH.

Then

$$
c_{\mathrm{eff}} = \frac{1}{\sqrt{\mu_{\mathrm{eff}}\epsilon_{\mathrm{eff}}}},
\qquad
n_{\mathrm{eff}} = \sqrt{(1+\chi_{e,\mathrm{eff}})(1+\chi_{m,\mathrm{eff}})}.
$$

This dielectric-style writing is the conventional two-aspect version of the same proportional-response idea. The response coefficient k above is the one-field analogue of the effective susceptibilities written here through χe, eff and χm, eff. The dielectric form therefore does not introduce a different mechanism. It is the conventional electromagnetic writing of the same retarded compression effect.



What this gives

This chapter establishes:


	coherent overlap produces quadratic local loading,

	the local joined readout can range from 0 to 4u0,

	the conserved two-stream budget remains 2u0,

	the square law counts the joined state but does not by itself explain it,

	continuity forbids assigning the difference to primitive sinks or sources,

	where two inflows are locally recovered on one outflow, continuity forces compression of the same total content,

	that constructive one-branch recovery doubles the mean density,

	spatially varying phase produces nodes where the density vanishes and antinodes where it reappears more densely,

	an everywhere-dark joined branch cannot be the full recovery geometry for a nonzero incoming budget,

	reduced effective advance is the coarse-grained summary of that loaded-branch lag,

	the proportional-response form f2 = kf1 gives the direct local route to ceff and closes onto the dielectric effective-medium writing,

	differential loading bends transport,

	self-refraction is retarded overlap of the same flow.



No second substrate is required.

The next step is global:


when self-refraction is strong enough to close the path, what stable configurations are allowed?







8. Standing Waves and Discreteness

Chapter 7 established that source-free energy flow satisfies the wave equation

∂t2F − c2∇2F = 0,   ∇ ⋅ F = 0.

As a useful representation, each Cartesian component therefore satisfies

$$
\left(\nabla^2-\frac{1}{c^2}\partial_t^2\right)f=0.
$$

Chapter 7b derived the self-refraction principle: retarded portions of the same flow alter the local transport law and bend later transport of that same field. This chapter asks what follows once that bending becomes strong enough to make the path close on itself.

Such a self-refracting closure must be a shape that admits continuous nowhere-vanishing tangential flow. A sphere does not: by the hairy ball theorem, no continuous nowhere-vanishing tangential vector field exists on a sphere. The simplest closed shape that can sustain such flow is a torus, a sphere with a smooth through-hole. It has two independent non-contractible cycles, and the flow must close in both directions at the same time.

As we shall see, a self-refracting flow closing toroidally yields integer modes and the Rydberg-type 1/n2 scaling. Since hydrogen is matter, this is a first serious clue that matter itself may be organized self-refracting closures of energy flow.

For modes organized along the toroidal closure, those whose dominant structure wraps the two cycles, the natural starting point is not a fixed Cartesian component and not even fixed toroidal angles. Start with a closed centerline γ(s) parametrized by arclength s ∈ [0, L), and around it choose a local frame in which $\hat{\mathbf t}$ is tangent to the centerline and $\hat{\boldsymbol\theta}$ is the turning direction around the local cross-section. The transporting direction is then a helical tangent

$$
\hat{\mathbf f}
=
\cos\beta\,\hat{\mathbf t}
+
\sin\beta\,\hat{\boldsymbol\theta}.
$$

Here β is the local winding angle, measured from the centerline tangent. Chapter 7b already derived that local self-refraction fixes the bending angle through

$$
\cos\beta=\frac{1}{n_{\mathrm{eff}}},
\qquad
\tan\beta=\sqrt{n_{\mathrm{eff}}^2-1}.
$$

This chapter needs only the geometric consequence: once self-refraction has produced a thin nearly uniform toroidal closure, the winding can be treated as approximately uniform.

At the level needed to count allowed standing closures, take a thin nearly uniform toroidal closure: the cross-sectional radius is approximately constant r, the centerline length is approximately constant L = 2πR, and the winding angle β is approximately constant along a closed streamline. If one such streamline winds m times around the major cycle and n times around the minor cycle before returning to itself, then

Δs = mL,   Δθ = 2πn.

Since tan β is the ratio of transverse advance to longitudinal advance,

$$
\tan\beta
=
\frac{r\,\Delta\theta}{\Delta s}
=
\frac{nr}{mR}.
$$

So closure of a single helical streamline is exactly the statement that its slope is rational: it returns only after integer counts on the two non-contractible cycles.

Combining the geometric closure with the constitutive refraction relation gives

$$
\tan\beta=\frac{nr}{mR}=\sqrt{n_{\mathrm{eff}}^2-1},
$$

so equivalently

$$
\beta
=
\arctan\!\left(\frac{nr}{mR}\right)
=
\arccos\!\left(\frac{1}{n_{\mathrm{eff}}}\right),
$$

and

$$
n_{\mathrm{eff}}
=
\sqrt{1+\left(\frac{nr}{mR}\right)^2}.
$$

The standing field is a stronger condition than closure of one streamline. It must be single-valued on both cycles of the toroidal closure. Resolve the field by a scalar amplitude f(s, θ, t) in this moving frame. Then, to leading order,

$$
\partial_t^2 f
=
c^2\left(
\partial_s^2 f
+
\frac{1}{r^2}\partial_\theta^2 f
\right),
$$

with lower-order curvature terms omitted because they do not change the integer closure counting below.

Because the closure is self-consistent, the field must be periodic on both cycles:

f(s + L, θ, t) = f(s, θ, t),   f(s, θ + 2π, t) = f(s, θ, t).

Now seek a separated standing mode

f(s, θ, t) = Acos (ks)cos (nθ)cos (ωt).

The θ-periodicity forces

n ∈ ℤ ≥ 0,

while the s-periodicity forces

kL = 2πm,   m ∈ ℤ ≥ 0.

So the same pair of integers appears twice: first as the winding counts of a closed helical streamline, and second as the phase counts of a standing field that is single-valued on the two fundamental cycles.

Since L = 2πR, this gives

$$
k=\frac{m}{R}.
$$

Substituting the standing mode into the wave equation yields

$$
\omega^2
=
c^2\left(k^2+\frac{n^2}{r^2}\right)
=
c^2\left(\frac{m^2}{R^2}+\frac{n^2}{r^2}\right).
$$

So the torus discretizes the transport immediately. The closed geometry permits only integer mode numbers and therefore only discrete standing-wave frequencies.

If one prefers the more familiar angular coordinate around the major cycle,

$$
\phi = \frac{s}{R},
$$

then the same leading-order closure equation becomes

$$
\partial_t^2 f
=
c^2\left(
\frac{1}{R^2}\partial_\phi^2 f
+
\frac{1}{r^2}\partial_\theta^2 f
\right).
$$

The same result can be written as closure in wavelength form:

mλs = L = 2πR,   nλθ = 2πr,

for integers m, n ∈ ℤ > 0. Equivalently,

$$
k_s=\frac{m}{R},
\qquad
k_\theta=\frac{n}{r}.
$$

So a bounded toroidal standing wave is not labeled by a continuous parameter, but by an integer pair (m, n), and its frequency is

$$
\omega_{mn}
=
c\sqrt{k_s^2+k_\theta^2}
=
c\sqrt{\frac{m^2}{R^2}+\frac{n^2}{r^2}}.
$$

So discreteness enters before any particle picture. Once the field is required to close on itself in a toroidal closure, only certain standing-wave organizations are allowed.

This is the right way to read the early quantum fact that hydrogen radiates in discrete lines. The discreteness does not require an electron moving on planet-like orbits. It requires only that bounded energy flow reorganize itself between allowed standing-wave closures.

The observed Rydberg pattern can then be read as a special family of such reorganizations. If a fixed toroidal closure is refined into an N × N standing-wave partition, the same total energy is distributed across N2 coherent cells. The characteristic energy per cell therefore scales as

$$
E_N \propto \frac{E_1}{N^2}.
$$

Transitions between two such allowed organizations then have the form

$$
\Delta E \propto \frac{1}{p^2}-\frac{1}{q^2},
\qquad p>q.
$$

The integers are not mysterious labels imposed from outside. They are the counting numbers of the standing-wave closure itself.

So discreteness begins as standing-wave closure of source-free energy flow in a self-refracting toroidal configuration. Once that closure exists, its further global aspects can be separated. The narrow-band envelope sector of the same bounded mode appears as Schrodinger dynamics in the next chapter. The through-hole character of that same toroidal standing wave appears as charge in the chapter after that.




9. Schrodinger as Narrow-Band Maxwell

The Schrodinger equation appears here as the precisely identified effective sector of double-curl or Maxwellian transport. Chapter 8 already gave the needed bounded discrete modes. The remaining task is to describe slow modulation of one such stable mode.

Each Cartesian component f(r, t) of E or B satisfies the vacuum wave equation:

$$
\left(\nabla^2-\frac{1}{c^2}\partial_t^2\right)f=0.
$$

Select the positive-frequency part of the field near a stable carrier frequency ω0, and demodulate the carrier:

ψ(r, t) = eiω0tf(+)(r, t).

The field is narrow-band when

$$
\varepsilon = \frac{\Delta\omega}{\omega_0}\ll 1,
$$

so the envelope ψ varies slowly compared with the carrier. After separating the carrier and the base-mode contribution, and using the fact that the carrier already satisfies the dispersion relation of the underlying stable mode, the exact envelope identity is

$$
i\partial_t\psi
=
-\frac{c^2}{2\omega_0}\nabla^2\psi
+\frac{1}{2\omega_0 c^2}\partial_t^2\psi.
$$

The last term is the retained difference between the exact Maxwellian envelope identity and the standard Schrodinger sector. For spectral width Δω, it is controlled by

$$
\left\|\frac{1}{2\omega_0 c^2}\partial_t^2\psi\right\|
\le
\frac{\Delta\omega^2}{2\omega_0 c^2}\|\psi\|
=
O(\varepsilon^2)\|\psi\|.
$$

So the leading effective sector is

$$
i\partial_t\psi
=
-\frac{c^2}{2\omega_0}\nabla^2\psi
+O(\varepsilon^2).
$$

Now define the emergent constants from the carrier mode itself:

$$
\hbar=\frac{E_0}{\omega_0},\qquad
m=\frac{E_0}{c^2},
$$

where E0 is the total energy of the underlying stable mode. Then

$$
\frac{c^2}{2\omega_0}=\frac{\hbar}{2m}.
$$

Multiplying by ℏ gives

$$
i\hbar\,\partial_t\psi
=
-\frac{\hbar^2}{2m}\nabla^2\psi
+O(\varepsilon^2).
$$

This is the free Schrodinger equation. It is not a rival starting point to the transport theory. It is the dominant narrow-band sector of the exact Maxwellian envelope identity for a stable mode.

The retained term

$$
\frac{1}{2\omega_0 c^2}\partial_t^2\psi
$$

is therefore not a defect in the derivation. It is the explicit post- Schrodinger remainder carried by the deeper transport theory.

The interaction case uses the same ontology. In structured backgrounds, the envelope accumulates additional region-dependent phase. The double-slit treatment later represents such interaction regions by localized potentials Vj that rotate the relative phase of the propagation channels. The potential term is therefore a summary of background interaction in the same envelope dynamics. This chapter, however, derives only the free narrow-band case.

Superposition, interference, and uncertainty enter because the envelope remains a wave field. Standard quantum mechanics is the effective theory of slowly varying Maxwellian envelopes. Any experimentally accessible effect carried by the retained remainder would be new physics beyond the standard Schrodinger sector, not a failure of the derivation.




9a. Interaction as Phase Accumulation

Chapter 9 derived the free Schrodinger equation as the effective narrow-band sector of a stable Maxwellian mode. Interaction enters when that envelope propagates through a structured background.

In the envelope description, such a background appears as a local potential:

$$
i\hbar\,\partial_t\psi
=
\left(
-\frac{\hbar^2}{2m}\nabla^2 + V(\mathbf{r},t)
\right)\psi.
$$

V is the compact interaction writing for how the background changes the phase accumulated by the envelope during propagation. Once the background is given, this term is fully writable; what varies from case to case is only how much of that background structure is already known.

The propagator makes this explicit:

$$
K(x,T;x_0,0)
=
\int\mathcal Dq\;
\exp\!\left[
\frac{i}{\hbar}\int_0^T dt
\left(
\frac{1}{2}m\dot q^2 - V(q,t)
\right)
\right].
$$

All interaction enters through the action in the exponential. The background rotates the phase of the wave.

This is especially clear in the double-slit case. If two spatial channels experience different interaction backgrounds, represented by V1 and V2, the physically relevant quantity is the action difference between them:

$$
\Delta\phi
=
\frac{1}{\hbar}\int_0^T dt\,(V_1-V_2).
$$

The total amplitude at the screen is then

ψ(x) = ψ1(0)(x) + eiΔϕψ2(0)(x),

where ψj(0) is the reference amplitude for free or symmetric propagation.

If V1 = V2, then Δϕ = 0 and the full interference pattern is recovered. If the two backgrounds differ, the relative phase changes and the pattern changes with it. What disappears is coherent phase relation.

This closes the loop left open in chapter 9. The potential term in Schrodinger’s equation is the compact phase-writing of background interaction inside the same wave-envelope dynamics.




10. Charge as Circulation

Chapter 8 established that self-refracting flow can close on itself, and that the simplest closed shape it can take is toroidal — a sphere with a through-hole sustains continuous nowhere-vanishing tangential flow in two independent directions, while a plain sphere does not. The resulting closure has two independent non-contractible cycles, two integer winding numbers (m, n), and discrete standing-wave frequencies.

This chapter asks what this mode looks like from the outside.


The organized shell

Take a small patch Σ on the toroidal closure. Along the boundary ∂Σ, the (m, n) winding gives a nonzero tangential circulation of the flow. Stokes’ theorem then gives

∮∂ΣF ⋅ dl = ∫Σ(∇ × F) ⋅ n dA.

So the tangential (m, n) circulation on the closure is not confined to the surface itself. It is accompanied by a normal curl through the patch. This is the local reason the organized toroidal flow has an exterior continuation.

Now choose two corresponding patches, Σ1 and Σ2, on two neighboring enclosing shells, and connect their boundaries by a thin tube whose sidewall is tangent to the continuation. For that tube volume V,

∫V∇ ⋅ (∇ × F) dV = 0,

because the divergence of a curl vanishes identically. Since no component of the continuation crosses the sidewall, the normal curl through the two end patches must match:

∫Σ1(∇ × F) ⋅ n dA = ∫Σ2(∇ × F) ⋅ n dA.

The same organized sector therefore continues from shell to shell without primitive creation or loss. What changes outward is not the total organized shell content, but the area across which it is distributed.

Let E(m, n) denote the total organized shell energy carried by that continuation. On an enclosing shell at radius r, the isotropic shell reading of that same organized total is spread over area 4πr2. Its shell density is therefore

$$
\frac{E_{(m,n)}}{4\pi r^2} \propto \frac{1}{r^2}.
$$

This is what charge is: the exterior reading of the organized (m, n) energy of the toroidal closure, distributed over shells of increasing area.



Sign and quantization

The (m, n) flow on the closure has a handedness — the circulation runs one way or the other around each cycle. This handedness is the sign of the charge: a global orientation of the (m, n) flow on the shells, readable on any enclosing shell, not a local property of the torus surface.

The winding numbers are integers. The charge class is therefore discrete and does not take arbitrary values. The torus is the simplest topological example of a self-sustaining closure, but topology admits more complex configurations — trefoils and other knotted closures — each carrying its own winding class. Which configuration corresponds to the minimum stable self-sustaining mode, and therefore to elementary charge, is not determined at this level of analysis.

Whether same-sign closures repel and opposite-sign closures attract is not established here. It requires deriving the interaction law between two such organized shell readings — the task of the next chapter.



Net chirality is required

A toroidal geometry alone does not guarantee a net charge or magnetic moment. Counter-propagating windings — equal (m, n) and (−m, −n) flows on the same toroid — carry energy but cancel both the net handedness and the net axial flux. Such a closure has Q = 0 and μ = 0: it contributes to gravity (its scalar energy remains) but carries no charge and no magnetic moment. Net charge and net axial flux both require a net chiral winding — a definite excess of one handedness over the other.



The axial through-hole flux is magnetic

Separately from the shell energy picture, the toroidal closure has a distinguished aperture. The through-hole carries an oriented axial flux — a directed quantity set by the winding before any exterior measurement is made. This axial flux is the magnetic moment of the closure: oriented along the hole axis, reversing sign with handedness.

It is not charge. The shell energy density is isotropic on enclosing shells. The axial flux is not — it is directed along the hole axis. These are two independent exterior properties of the same mode: the organized shell energy (charge) and the axial through-hole structure (magnetic moment).



What remains

Three things characterize the toroidal mode from the outside:


	Charge: the organized (m, n) surface energy density on shells, E(m, n)/4πr2, signed by circulation handedness, quantized by integer winding.

	Magnetic moment: the axial through-hole flux, oriented along the hole axis, independent of the shell energy reading.

	Mass: the scalar amplitude E/c2 of total closure energy. For a single toroid this is small. For large aggregates of toroids with random orientations, the (m, n) structure averages out and what remains is the unstructured scalar energy NE/c2 spread isotropically over shells — also 1/r2, unsigned, always attractive. That is gravity.



The primary interaction between two simple toroidal closures is through their charge shells — the organized (m, n) energy densities meeting across the exterior. The next chapter derives Coulomb’s law from the signed shell potential of two such modes.





11. Newton as Flux Accounting

Newton’s second law is the integrated continuity law for momentum in a bounded region of directed energy flow.

Chapter 3 gave the continuity equation for energy density u. In the present language of directed transport, that same statement is

∂tu + ∇ ⋅ F = 0,

where F is the directed energy-flow density.

Because energy flow carries momentum, define the momentum density by

$$
\mathbf{p}=\frac{\mathbf{F}}{c^2}.
$$

To describe how momentum crosses boundaries, introduce the stress tensor T. This is the momentum-flux density of the same flow. Its component Tij is the i-component of momentum transferred across a surface whose normal points in the j direction.

The local momentum continuity law is then

∂tpi − ∂jTij = 0,

or, in tensor form,

∂tp − ∇ ⋅ T = 0.

Momentum does not appear or disappear. It changes only by flux through the boundary of a region.

Now choose a bounded region Ω containing a nearly stable localized configuration. Define its total momentum and total energy:

$$
\mathbf{P}_\Omega
=
\int_\Omega \mathbf{p}\,dV
=
\frac{1}{c^2}\int_\Omega \mathbf{F}\,dV,
$$

EΩ = ∫Ωu dV.

Integrating the local momentum continuity law gives

$$
\frac{d}{dt}\mathbf{P}_\Omega
=
\int_{\partial\Omega}\mathbf{T}\cdot\mathbf{n}\,dA.
$$

The right-hand side is what later language calls force. It is the net rate at which momentum is transferred across the boundary into the localized region.

To connect this with motion of the bounded mode as a whole, define its center of energy:

$$
\mathbf{X}_\Omega
=
\frac{1}{E_\Omega}\int_\Omega \mathbf{x}\,u\,dV.
$$

When boundary leakage is small and the mode remains coherent,

$$
E_\Omega\,\dot{\mathbf{X}}_\Omega
\approx
\int_\Omega \mathbf{F}\,dV,
$$

so

$$
\mathbf{P}_\Omega
\approx
\frac{E_\Omega}{c^2}\dot{\mathbf{X}}_\Omega.
$$

If the total energy of the bounded configuration is roughly constant, define

$$
m_\Omega := \frac{E_\Omega}{c^2}.
$$

Then

$$
m_\Omega\,\ddot{\mathbf{X}}_\Omega
\approx
\int_{\partial\Omega}\mathbf{T}\cdot\mathbf{n}\,dA.
$$

This is Newton’s second law in effective form for a stable bounded mode:

$$
\mathbf{F}_{\mathrm{ext}}=\frac{d\mathbf{P}_\Omega}{dt}.
$$

So Newton’s law is not an independent primitive. It is momentum bookkeeping for a bounded region of energy flow.

When the same transport is written in conventional electromagnetic variables, F becomes the Poynting vector and T becomes the Maxwell stress tensor. But the logic does not depend on that representation. The content is already present in the flow language itself.


The charge force

Chapter 10 recovered charge as the signed shell reading of the net chiral (m, n) organization of a toroidal closure. Write that shell density for closure i as

$$
\sigma_i(r)=\frac{Q_i}{4\pi r^2},
$$

where Qi carries both the magnitude of the net chiral winding and its sign. This is not a net flux through a closed sphere. It is the signed shell-distributed reading of the organized closure.

The corresponding shell potential is the radial accumulation of that shell density:

$$
\Phi_i(r)=\int_r^\infty \sigma_i(s)\,ds
=
\frac{Q_i}{4\pi r}.
$$

Now place two well-separated closures at distance d between their centers of energy. The interaction energy of closure 2 in the shell potential of closure 1 is

$$
U(d)=Q_2\,\Phi_1(d)=\frac{Q_1Q_2}{4\pi d}.
$$

The force is the radial derivative of that interaction energy:

$$
\mathbf{F}_{12}
=
-\nabla U
=
\frac{Q_1Q_2}{4\pi d^2}\,\hat{\mathbf{d}},
$$

where $\hat{\mathbf{d}}$ points from closure 1 to closure 2. If Q1Q2 > 0, the force points outward and the closures repel. If Q1Q2 < 0, the force points inward and they attract.

This is Coulomb’s law in the present language. The 1/r2 force is the derivative of a signed 1/r shell potential. The sign is fixed by the relative handedness of the two net chiral windings. In the momentum-flux language of this chapter, the same result is the effective boundary momentum transfer between two separated localized modes.



Two 1/r2 fields, two mechanisms

The charge force and the gravitational bending of the next chapter both carry inverse-square dependence on distance. The shape is the same. The mechanism is not.

Charge comes from a signed shell potential tied to the net chiral (m, n) organization of a single closure. Its interaction strength depends on both the source and the probe, because both carry a sign.

Gravity comes from the surviving scalar monopole of many positive closure energies. There the sign information and oriented structure cancel in the aggregate, while the positive energies add. The next chapter makes that aggregate scalar derivation explicit and shows how it leads to universal refraction.



Summary

Particles are localized regions. Forces are boundary momentum fluxes. Newton’s second law is continuity applied to a stable knot of energy flow. The Coulomb force is the derivative of a signed shell potential carried by the net chiral winding of a localized closure. Gravity, by contrast, comes from the scalar monopole of summed positive closure energies. Both produce 1/r2 fields. The mechanisms are distinct.





12. Gravity as Refraction

Gravity appears here as electromagnetic refraction: the bending of energy transport paths of one organized flow by another, caused by the exterior scalar loading of a large aggregate of bounded closures.


The massive body as aggregate

Chapter 10 established that a single toroidal closure carries three distinct exterior readings: a signed charge shell, an oriented axial magnetic moment, and a positive total energy. In a large aggregate, the signed and oriented structures can cancel. The positive energies cannot.

Consider closures with energies Ea > 0 at positions xa. Their charge shells and magnetic moments depend on handedness and orientation, so in an aggregate of mixed handedness and random orientation those directed contributions average away. The scalar energy of each closure, however, is always positive. The total aggregate energy is therefore

Mc2 = ∑aEa.

The weak-field scalar generated by the aggregate is the sum of the individual positive contributions:

$$
\eta(\mathbf{x})
=
\frac{G}{c^4}\sum_a \frac{E_a}{|\mathbf{x}-\mathbf{x}_a|}.
$$

Choose the origin at the center of energy, so

∑aEa xa = 0.

For observation distance r = |x| much larger than the size of the aggregate, expand

$$
\frac{1}{|\mathbf{x}-\mathbf{x}_a|}
=
\frac{1}{r}
+
\frac{\hat{\mathbf{r}}\cdot\mathbf{x}_a}{r^2}
+
O\!\left(\frac{a^2}{r^3}\right),
$$

where a is the aggregate size. Summing over a, the dipole term vanishes by the center-of-energy condition. What survives at leading order is the scalar monopole:

$$
\eta(r)
=
\frac{G}{c^4 r}\sum_a E_a
+
O\!\left(\frac{1}{r^3}\right)
=
\frac{GM}{rc^2}
+
O\!\left(\frac{1}{r^3}\right).
$$

This is the rigorous sense in which the oriented structures cancel while the positive scalar energies survive. The aggregate far field is the monopole of the summed positive energies.

The same monopole has an equivalent shell reading. On an enclosing shell at radius r, the aggregate energy is spread over area 4πr2, so the unsigned shell density is

$$
\frac{Mc^2}{4\pi r^2} \propto \frac{1}{r^2}.
$$

The 1/r2 shell loading and the 1/r mass-potential are the same far-field scalar read in two complementary ways: shell density on the one hand, cumulative weak-field potential on the other.

That compact scalar reduction is not the whole story for every organized aggregate. It is the correct leading description for a roughly compact, mixed, and orientation-averaged body. An extended rotating galaxy is different: its vector first moment can cancel while an anisotropic stress survives. In that case the additional inward load commonly attributed to dark matter belongs, in this framework, to the organized stress of the galactic transport itself rather than to additional unseen matter. The structural source of that extra galactic load is therefore shape and organized transport, not a second substance. It is also not a neglected higher multipole tail of the scalar mass-potential: any finite compact scalar multipole decays too quickly to sustain a flat outer curve. The galactic excess belongs instead to the surviving directional second moment of organized transport, which a monopole reduction throws away. The observed baryonic profile is still kept; what changes is its scalar-only dynamical reading.



Refraction by the mass-potential

A dielectric analogy is useful only if read carefully. The probe and the massive aggregate are not two substances, one moving through the other. They are two organized motions of the same electromagnetic substrate. Their superposition is already the interaction. No second medium is inserted, and no extra field has to be imagined over and above the total field. What refracts a passing flow is always another electromagnetic flow.

The propagation speed of electromagnetic energy in vacuum is:

$$
c = \frac{1}{\sqrt{\varepsilon_0 \mu_0}}.
$$

A passing field and the mass aggregate reorganize one another as one common field. This is the same self-refraction principle derived in chapter 7b and then used in chapter 8 to explain how a flow can bend strongly enough to close on itself. Here only the weak exterior effect of a large aggregate is kept. In the present chapter that weak exterior effect is written phenomenologically, at leading order, as a small constitutive loading of the local transport law.

When the transport is written in conventional electromagnetic variables, E and B are complementary aspects of one organized flow. So the weak constitutive summary used here loads the two sectors together:

εeff(r) = ε0(1 + 2η(r)),   μeff(r) = μ0(1 + 2η(r)).

The same factor multiplies both ε0 and μ0, so the local vacuum impedance stays unchanged:

$$
Z_\text{eff}=\sqrt{\frac{\mu_\text{eff}}{\varepsilon_\text{eff}}}=Z_0,
$$

but the local propagation speed is lowered:

$$
c_\text{local}(r)=\frac{1}{\sqrt{\varepsilon_\text{eff}(r)\mu_\text{eff}(r)}}
=\frac{c}{1+2\eta(r)}.
$$

So the refractive index is

$$
n(r)=\frac{c}{c_\text{local}(r)}
=1+\frac{2GM}{rc^2}.
$$

This equal loading is the weak-field macroscopic writing of self-refraction. Chapters 12a and 12b recover it directly from the flow: a null Maxwell probe carries two equal stress sectors, and a static toroidal closure samples both axial channels symmetrically.



Light bending

In optics, when the transport speed varies across a wavefront, the path bends toward the slower region. This is refraction.

Gravity, in this framework, is that refraction applied to all energy transport. The trajectory of any moving configuration curves toward the aggregate mass because the exterior mass-potential lowers the local propagation speed as one approaches the center.

For a ray passing at perpendicular distance b from the center, write

r2 = b2 + z2

along the unperturbed path. Then

$$
\nabla n
=
-\frac{2GM}{c^2r^2}\,\hat{\mathbf{r}}
=
-\frac{2GM}{c^2}\,
\frac{b\,\hat{\mathbf{b}}+z\,\hat{\mathbf{z}}}{(b^2+z^2)^{3/2}}.
$$

Only the component perpendicular to the unperturbed ray contributes to the bending. In the weak-field limit n ≈ 1, the ray equation gives

$$
\frac{d\alpha}{dz}
\approx
(\nabla n)_\perp
=
-\frac{2GM\,b}{c^2(b^2+z^2)^{3/2}}.
$$

Integrating,

$$
\Delta\alpha
=
\int_{-\infty}^{\infty}(\nabla n)_\perp\,dz
=
-\frac{2GM\,b}{c^2}
\int_{-\infty}^{\infty}\frac{dz}{(b^2+z^2)^{3/2}}.
$$

With the substitution z = btan φ,

$$
\int_{-\infty}^{\infty}\frac{dz}{(b^2+z^2)^{3/2}}
=
\frac{1}{b^2}\int_{-\pi/2}^{\pi/2}\cos\varphi\,d\varphi
=
\frac{2}{b^2}.
$$

Therefore the weak-field bending is

$$
\Delta\alpha
=
-\frac{4GM}{bc^2}\,\hat{\mathbf{b}},
$$

directed toward the mass.

At the solar limb this gives 1.75 arcseconds, confirmed by eclipse observation since 1919.

The same weak-field summary yields the standard static family of observables: gravitational redshift, Shapiro delay, perihelion precession, and light bending. The present chapter isolates the transport logic behind these results rather than cataloging each in turn.

Spacetime curvature, in this reading, is a geometric restatement of the same refraction. The geometry follows from the transport, not the other way around.





12a. Two-Aspect Origin of the Weak-Field Factor of Two

Chapter 12 summarized the weak-field interaction by the symmetric constitutive writing

εeff = ε0(1 + 2η),   μeff = μ0(1 + 2η).

That summary is useful, but it is not the deepest explanation of the factor of two. The deeper point is that the probe is a null Maxwell mode. It carries two equal aspects, electric and magnetic, and a static toroidal closure must sample both when it loads the probe along its axial transport line.

This chapter isolates exactly what is already forced by that fact and prepares the direct axial derivation completed in chapter 12b.


12a.1 Null Maxwell Modes Carry Two Equal Stress Sectors

Take a narrow electromagnetic probe in a region that is approximately uniform over one wavelength. Write its fields locally as

E,   B,

with propagation direction n and local transport speed k.

For a null electromagnetic mode,

$$
\mathbf{n}\cdot\mathbf{E}=0,
\qquad
\mathbf{n}\cdot\mathbf{B}=0,
\qquad
\mathbf{B}=\frac{1}{k}\,\mathbf{n}\times\mathbf{E}.
$$

This means the probe has no trapped rest component. Its transport is fully carried along n, so locally

|S| = ku.

Its energy density splits into electric and magnetic pieces:

u = uE + uB,

$$
u_E=\frac{1}{2}\varepsilon E^2,
\qquad
u_B=\frac{1}{2\mu}B^2.
$$

If the local impedance is

$$
Z=\sqrt{\frac{\mu}{\varepsilon}},
$$

then

$$
|\mathbf{H}|=\frac{|\mathbf{E}|}{Z},
\qquad
\mathbf{B}=\mu\mathbf{H},
$$

and therefore

$$
u_B
=
\frac{1}{2}\mu H^2
=
\frac{1}{2}\mu\frac{E^2}{Z^2}
=
\frac{1}{2}\mu E^2\frac{\varepsilon}{\mu}
=
\frac{1}{2}\varepsilon E^2
=
u_E.
$$

So for any null Maxwell mode,

$$
\boxed{
u_E=u_B=\frac{u}{2}
}.
$$

Now split the Maxwell stress tensor into electric and magnetic pieces:

Tij = Tij(E) + Tij(B),

with

$$
T^{(E)}_{ij}
=
\varepsilon\left(E_iE_j-\frac{1}{2}\delta_{ij}E^2\right),
$$

$$
T^{(B)}_{ij}
=
\frac{1}{\mu}\left(B_iB_j-\frac{1}{2}\delta_{ij}B^2\right).
$$

Choose local coordinates so the probe moves in the +z direction. Then one may take

$$
\mathbf{E}=(E,0,0),
\qquad
\mathbf{B}=\left(0,\frac{E}{k},0\right).
$$

The longitudinal momentum-flux component is −Tzz. For the electric part,

$$
-T^{(E)}_{zz}
=
\frac{1}{2}\varepsilon E^2
=
u_E.
$$

For the magnetic part,

$$
-T^{(B)}_{zz}
=
\frac{1}{2\mu}B^2
=
u_B.
$$

Hence

$$
\boxed{
-T_{zz}=u_E+u_B=u
},
$$

and the electric and magnetic sectors contribute equally to the longitudinal transport stress of the probe.

That equality is exact. It does not depend on weak gravity. It is a structural fact about null Maxwell transport.



12a.2 Consequence for the Leading Weak-Field Bending Term

Now consider a weak static bounded mass mode. The result above means that any correct interaction cannot treat the probe as one channel only.

The remaining question is not whether there are two equal sectors. That is already forced. The remaining question is how a static bounded closure samples them.

The next chapter answers that directly. A static toroidal closure interacts through its axial line, and because it is static it samples the two opposite axial directions symmetrically. When that symmetric axial load is written in terms of the probe transport data, it becomes

u + Πn.

For a null Maxwell probe, Πn = u, so the static closure sees

u + Πn = 2u.

That is the structural origin of the factor of two.



12a.3 Why Raw Vacuum Superposition Is Not Yet the Full Derivation

Write the total fields as linear superposition of background and probe:

E = E1 + E2,   B = B1 + B2.

Then the cross part of the Maxwell stress tensor is

$$
(T_\times)_{ij}
=
\varepsilon_0\left(E_{1i}E_{2j}+E_{2i}E_{1j}
-\delta_{ij}\mathbf{E}_1\cdot\mathbf{E}_2\right)
+
\frac{1}{\mu_0}\left(B_{1i}B_{2j}+B_{2i}B_{1j}
-\delta_{ij}\mathbf{B}_1\cdot\mathbf{B}_2\right).
$$

This identity is exact, but by itself it does not complete the weak-field gravity derivation.

There are two reasons.

First, if the background is modeled as purely static and electric at leading order, then

B1 ≈ 0,

so the explicit magnetic part of the raw cross stress vanishes at that order. The second half of the factor of two is therefore not sitting in the formula as an extra B1B2 term waiting to be read off.

Second, linear Maxwell superposition in vacuum does not make one source-free solution bend another. The missing object is the actual interaction law by which the bounded mass closure and the passing null probe reorganize one common field.

So the exact role of the argument above is not to claim that raw vacuum superposition already gives the full interaction law. Its role is sharper:


	it shows why a one-channel account gives only the Newtonian half-value,

	it shows why a null Maxwell probe carries the second equal sector,

	it prepares the axial-load derivation of the next chapter.





12a.4 Relation to the Weak-Field Summary

Chapter 12 summarized the weak interaction by the symmetric constitutive modification

εeff = ε0(1 + 2η),   μeff = μ0(1 + 2η).

That summary should now be read more carefully.

It is not the deepest explanation of the factor of two. Rather, it is the macroscopic summary of an interaction law that must, if it is correct, act equally on the two stress sectors of a null Maxwell probe.

So the logical order is:


	a null electromagnetic probe carries two equal stress sectors,

	a one-channel theory gives only half the effect,

	a static toroidal closure must sample both axial channels symmetrically,

	the symmetric constitutive summary used in chapter 12 is the macroscopic encoding of that doubled axial interaction.





12a.5 What This Fixes

The point established here is exact and sufficient for the weak-field factor of two: a null Maxwell probe carries two equal stress sectors, so any admissible interaction with a static closure must count both. The next chapter completes that same conclusion by deriving the axial sampling step directly.



12a.6 Summary

For a null Maxwell probe:

$$
u_E=u_B=\frac{u}{2},
$$

and the electric and magnetic sectors contribute equally to the longitudinal transport stress.

Therefore any admissible leading weak-field interaction term that treats the two Maxwell aspects symmetrically must produce

full null interaction = 2 × one-channel effect.

So the weak-field factor of two should not be explained by arbitrary constitutive symmetry. It belongs more deeply to the two-aspect stress structure of the probe itself and to the sign-symmetric axial loading by a static toroidal closure.

The next chapter completes that weak exterior derivation directly from axial transport.





12b. Axial Interaction of a Static Mass Closure with a Null Probe

Chapter 12a established that a null Maxwell probe carries two equal stress sectors. That alone explains why a one-channel account gives only half the full bending. This chapter derives directly how a static bounded mass closure samples those two sectors.

This chapter derives that missing step directly from axial transport.

The key geometric point is simple. A compact toroidal closure interacts through its axial line. For a static closure there is no preferred sign along that line, so the leading weak exterior interaction must sample the probe through both axial directions equally. When that symmetric axial load is written in terms of the probe’s energy-momentum tensor, it is exactly

u + Πn,

where u is the probe energy density and Πn is its longitudinal momentum flux. For a slow bounded mode this reduces to u. For a null Maxwell probe it becomes 2u. The weak-field factor of two therefore follows from axial transport itself, not from a later adjustment.


12b.1 Probe Transport Data

Work in the rest frame of the static bounded mass closure.

For a narrow probe packet, write its local energy density, momentum density, and spatial stress as

u,   g,   Tij,

with

$$
\mathbf g=\frac{\mathbf S}{c^2}.
$$

Introduce the corresponding energy-momentum tensor

Θ00 = u,   Θ0i = c gi,   Θij = −Tij.

Let

n

be the local transport direction of the narrow probe, with

|n| = 1.

Define the longitudinal momentum-flux density by

Πn := −ninjTij.

For a null Maxwell probe, chapter 12a gives

Πn = u.

Equivalently,

|S| = cu,

so the probe carries no trapped rest component. It is transport all the way through.



12b.2 The Two Axial Channels of a Static Closure

At a point outside a static toroidal closure, the leading interaction is carried along the local axial line. Because the closure is static, that line has no preferred sign. It therefore presents two opposite transport channels, forward and backward along n.

Introduce the two null axial directions

k+μ := (1, n),   k−μ := (1, −n).

Their loads against the probe energy-momentum tensor are

Θμνk+μk+ν,   Θμνk−μk−ν.

The sign-symmetric axial load seen by the static closure is therefore

$$
\Lambda_n
:=
\frac{1}{2}\Theta_{\mu\nu}k_+^\mu k_+^\nu
+
\frac{1}{2}\Theta_{\mu\nu}k_-^\mu k_-^\nu.
$$

Expanding in the closure rest frame gives

Θμνk+μk+ν = u + 2c g ⋅ n + Πn,

Θμνk−μk−ν = u − 2c g ⋅ n + Πn.

Adding and dividing by two, the mixed momentum terms cancel exactly:

$$
\boxed{
\Lambda_n=u+\Pi_n
}.
$$

This identity is exact. No weak-field approximation has been used yet.

It says that a static closure samples two things at once:


	occupancy of the axial line by energy density,

	directed loading of that line by longitudinal momentum flux.



That is the flow-theoretic origin of the doubling.



12b.3 Slow Modes and Null Modes

For a slowly moving bounded probe, the longitudinal momentum flux is smaller by order v2/c2, so in the strict slow-mode limit

Πn = o(u),

and therefore

Λn = u + o(u).

So a slow bounded mode loads the static closure essentially by its stored energy density alone.

For a null Maxwell probe, chapter 12a gives

Πn = u,

hence

$$
\boxed{
\Lambda_n=2u
}.
$$

So the same static closure sees twice the axial load from a null probe that it would see from a one-channel or slow-mode treatment of the same energy.

This is the exact weak-field factor-of-two point.



12b.4 Axial Interaction Potential of a Static Mass Closure

Let the static mass closure generate the exterior strength

$$
\eta(\mathbf r):=\frac{GM}{rc^2},
\qquad
r=|\mathbf r|.
$$

In the weak exterior regime, the leading local interaction must be:


	local on the scale of the packet,

	linear in the probe transport data,

	sign-symmetric under n ↦ −n because the closure is static,

	normalized so that the strict slow-mode limit reproduces Newtonian attraction.



Under these conditions, the unique axial scalar carried by the probe is

Λn = u + Πn.

Therefore the leading local interaction energy density is

$$
\boxed{
w_{\mathrm{int}}=-\eta\,\Lambda_n
=
-\eta\,(u+\Pi_n)
}.
$$

This is not an arbitrary fit. The overall unit is already fixed by the definition of η through the Newtonian slow-mode limit. The only question was what scalar of the probe a static axial closure must sample. The answer is the symmetric two-channel load Λn.

For a narrow packet centered at X(t), with support small compared to the background scale, we may treat η as constant across the packet to leading order:

Uint(t) = ∫wint dV = −η(X(t))∫Λn dV.

Define the total axial load of the packet by

Ln := ∫Λn dV.

Then

Uint(t) = −η(X(t)) Ln.



12b.5 Exact Weak-Field Bending of a Null Probe

For a null Maxwell probe,

Λn = 2u,

so

Ln = 2U,   U := ∫u dV.

Hence

Uint(t) = −2U η(X(t)).

The transverse force on the packet is the negative gradient of the interaction energy:

F⊥ := −∇⊥Uint = 2U ∇⊥η.

Because

$$
\eta(r)=\frac{GM}{rc^2},
$$

the vector ∇η points inward, so the force is attractive.

The momentum magnitude of the null packet is

$$
P=\frac{U}{c}.
$$

Therefore the infinitesimal change of direction is

$$
d\theta
=
\frac{|\mathbf F_\perp|}{P}\,dt
=
2c\,|\nabla_\perp\eta|\,dt.
$$

Along the unperturbed straight path,

$$
dt=\frac{dz}{c},
$$

so

dθ = 2|∇⊥η| dz.

Take the ray to pass the mass with impact parameter b. Then

$$
r(z)=\sqrt{b^2+z^2},
$$

and

$$
|\nabla_\perp\eta|
=
\frac{GM\,b}{c^2(b^2+z^2)^{3/2}}.
$$

Hence

$$
\theta
=
2\int_{-\infty}^{\infty}
\frac{GM\,b}{c^2(b^2+z^2)^{3/2}}\,dz
=
\frac{2GM\,b}{c^2}
\int_{-\infty}^{\infty}\frac{2\,dz}{(b^2+z^2)^{3/2}}.
$$

Using

$$
\int_{-\infty}^{\infty}\frac{dz}{(b^2+z^2)^{3/2}}
=
\frac{2}{b^2},
$$

we obtain

$$
\boxed{
\theta=\frac{4GM}{bc^2}
}.
$$

So the full weak-field light-bending value is recovered here directly from the axial two-channel loading of a null Maxwell probe.



12b.6 Relation to the Newtonian Half-Value

If one keeps only the slow-mode channel, one uses

Λn ≈ u

instead of

Λn = u + Πn.

Then the interaction energy would be

Uintone channel = −U η,

and the same calculation would give

$$
\theta_{\mathrm{one\ channel}}
=
\frac{2GM}{bc^2}.
$$

So the Newtonian half-value is not mysterious. It is simply the result of counting only one axial loading channel of the probe.

The full null value appears when the static closure is allowed to sample the probe through both axial directions, as a toroidal same-substrate interaction must.



12b.7 What Is and Is Not Completed Here

The factor of two is no longer an arbitrary constitutive choice, and it is no longer hidden in an undetermined coefficient. It has been derived from:


	the two-channel axial interaction of a static closure,

	the exact identity Λn = u + Πn,

	the null Maxwell property Πn = u.



This closes the factor of two at the level needed here. The weak exterior null-bending value is no longer an undetermined coefficient or an arbitrary constitutive choice. It follows from the flow itself once the static closure is recognized as sampling both axial transport channels of the passing probe.



12b.8 Summary

For a narrow probe with transport direction n, the sign-symmetric axial load seen by a static closure is

$$
\Lambda_n
=
\frac{1}{2}\Theta_{\mu\nu}k_+^\mu k_+^\nu
+
\frac{1}{2}\Theta_{\mu\nu}k_-^\mu k_-^\nu
=
u+\Pi_n.
$$

For a slow bounded mode, this reduces to

Λn ≈ u.

For a null Maxwell probe,

Λn = 2u.

Therefore the weak exterior interaction energy is

Uint = −ηLn,

and the resulting null deflection is exactly

$$
\theta=\frac{4GM}{bc^2}.
$$

So the weak-field factor of two is recovered here from first principles of flow: a static toroidal closure samples both axial transport channels of the passing null probe.





13. Two Observers, One Transport

Chapter 7 established that source-free energy flow satisfies the wave equation

∂t2F − c2∇2F = 0,   ∇ ⋅ F = 0.

The same transport process can be described by different observers in relative motion. This chapter asks: what change-of-description is consistent with that same wave transport? The answer is forced by one simple invariant: if two observers describe the same propagated pattern between the same shared events, they must agree on how many wavelengths have passed.


Isolated observers

Define an isolated observer as one describing a region in which the net flux of F/c2 through any large closed surface vanishes. This is the flow-language statement that no external transport organizes the region.

Two isolated observers in relative uniform motion, both describing the same transport process, must be able to write the same source-free wave equation with the same constant c. This is not a separate geometric postulate. It is the statement that they describe one transport law rather than two different unit rescalings. When the relative rate is v = 0, the change of description must reduce to the identity, so the transport constant must also agree: c1 = c2 =  : c.



Shared phase count

In one spatial dimension, a right-moving monochromatic component has the form

$$
f(x,t)=A\cos(kx-\omega t),
\qquad
\omega = ck,
\qquad
\lambda = \frac{2\pi}{k}.
$$

Fix one crest at the shared origin event (x, t) = (0, 0). Between that event and any later event (x, t), the number of wavelengths transported is

$$
N_+ = \frac{kx-\omega t}{2\pi}
=
\frac{x-ct}{\lambda}.
$$

For the same right-moving component, the second observer writes

$$
N_+' = \frac{x'-ct'}{\lambda'}.
$$

Because it is the same transported pattern between the same shared events,

N+′ = N+.

The wavelengths λ and λ′ may differ, since different observers can assign different Doppler-shifted wavelengths. Therefore the invariant count implies not equality of the null coordinates themselves, but proportionality:

x′ − ct′ = α(v) (x − ct),

where α(v) = λ′/λ depends only on the relative rate v.

The same argument for a left-moving monochromatic component gives

x′ + ct′ = β(v) (x + ct).

So the two null directions can scale differently, but the wavelength count along each must be preserved.



The unique re-description

Add and subtract the two null-coordinate relations:

$$
x' = \frac{\alpha+\beta}{2}\,x + \frac{c(\beta-\alpha)}{2}\,t,
$$

$$
t' = \frac{\beta-\alpha}{2c}\,x + \frac{\alpha+\beta}{2}\,t.
$$

So the change of description is already linear. The primed origin x′ = 0 therefore moves in the unprimed description at rate

$$
v = \frac{x}{t}
=
c\,\frac{\alpha-\beta}{\alpha+\beta}.
$$

Now use two symmetry requirements.

First, reversing the spatial direction exchanges right-moving and left-moving transport, so

β(v) = α(−v).

Second, the inverse transformation must have the same form with v ↦ −v. Applying the transformation and its inverse in succession must return the same null coordinate, so

α(v)α(−v) = 1.

Together these give

α(v)β(v) = 1.

Let β = 1/α. Then

$$
\frac{v}{c}
=
\frac{\alpha-\alpha^{-1}}{\alpha+\alpha^{-1}}
=
\frac{\alpha^2-1}{\alpha^2+1}.
$$

So

$$
\alpha^2 = \frac{1+v/c}{1-v/c},
\qquad
\beta^2 = \frac{1-v/c}{1+v/c}.
$$

Choose the orientation-preserving branch,

$$
\alpha = \sqrt{\frac{1+v/c}{1-v/c}},
\qquad
\beta = \sqrt{\frac{1-v/c}{1+v/c}}.
$$

Substituting into the linear form and writing

$$
\gamma := \frac{1}{\sqrt{1-v^2/c^2}},
$$

gives

$$
x' = \gamma(x-vt),
\qquad
t' = \gamma\!\left(t-\frac{v}{c^2}x\right),
\qquad
y' = y,
\quad
z' = z.
$$

This is the unique change-of-description consistent with preserving wavelength count for both right-moving and left-moving Maxwell transport. Because x′ ∓ ct′ are only rescaled copies of x ∓ ct, the source-free wave equation is preserved as well: the phase-count derivation and the wave-operator derivation are the same statement written in two forms.



Composed transport rate

Let a transport feature move at rate u = dx/dt in the first description. Differentiating the transformation gives

$$
u'
=
\frac{dx'}{dt'}
=
\frac{u-v}{1-\dfrac{uv}{c^2}}.
$$

This is the unique composition law consistent with the same transport process being described by both observers.

In particular, if u = c,

$$
u' = \frac{c-v}{1-v/c}=c.
$$

So every isolated observer assigns the same rate c to a propagating wavefront.



Michelson-Morley

The 1887 experiment compared round-trip travel times along two perpendicular arms of equal rest length L. The classical c ± v prediction inserts Galilean addition into the transport step. That step is not available here.

In the apparatus description, the transport law is the same in both directions, and the propagation rate is c along each arm. So both round-trip times are

$$
T = \frac{2L}{c},
\qquad
\Delta T := T_\parallel - T_\perp = 0.
$$

The null result is therefore not surprising. It is the direct consequence of requiring two observers to preserve the same transported wavelength count of the same source-free Maxwell process.





14. Impedance as Refraction Angle

The earlier chapters recovered source-free Maxwell transport from source-free continuity and then used refraction to explain gravity-like bending. This chapter extends that same logic into a more speculative direction. It asks how the standard vacuum ratio between the two electromagnetic aspects should be read if there is only one flow, and whether what is called impedance records an angular organization of transport rather than a primitive split between two substances.

If one flow is primary, its most unitary two-aspect reading is symmetric. In that reference case the two aspects cycle one into the other in a one-to-one relation. The natural orbit in the two-aspect plane is then circular. A non-unit ratio is read here not as evidence for two different substances, but as skew: the same flow is being resolved obliquely.

Let a and b be the major and minor semiaxes of that reading in the two-aspect plane, and write the aspect skew as

$$
z := \frac{a}{b} \ge 1.
$$

For a circle seen in a plane tilted by angle θ, the projected ellipse satisfies

$$
\frac{b}{a} = \cos \theta,
\qquad
z = \sec \theta.
$$

Therefore

$$
\theta = \arccos\!\left(\frac{1}{z}\right).
$$

What standard electromagnetism calls vacuum impedance can then be read, in this structural picture, as the observed skew:

$$
Z = \sqrt{\frac{\mu}{\epsilon}}.
$$

The claim is not that empty space dissipates motion as a material medium. The claim is that the non-unit ratio records how a unitary flow is refracted as it traverses a loaded energetic region. This is the same self-refraction principle used earlier in the book: a higher energetic loading resists the same flow and forces an angular change. In this reading, impedance is correctly read as resistance, not by loss, but by refraction of one flow through a denser region of the same field. The measured value is the trace of that refracting resistance written into the two-aspect split.

A symmetric one-to-one relation would give

z = 1   ⇒   θ = 0.

The observed non-unit ratio gives θ ≠ 0: the flow does not meet the two-aspect plane orthogonally. It enters at an angle and is read as an ellipse rather than a circle. The two-aspect split is therefore not primitive but projected.

This can be written in Snell form. Let the exterior unskewed region have index n1 = 1, and let the loaded region have effective index n2 = z. Standard Snell law,

n1sin θ1 = n2sin θ2,

combined with

$$
\cos \theta = \frac{1}{z},
\qquad
\theta_2 = \arcsin\!\left(\frac{1}{z}\right),
$$

gives

$$
\sin \theta_1 = z \cdot \frac{1}{z} = 1,
$$

so

$$
\theta_1 = \frac{\pi}{2}.
$$

In this rough picture the unitary flow reaches the loaded region at grazing incidence. The flow is tangent to the shell it traverses, not orthogonal to it.

The point of this chapter is not that the standard constants have been derived in final form. The point is that what appears in standard language as impedance can be read here as refraction angle and as the resistance encountered by a unitary flow passing through a loaded region. If that reading is right, the observed vacuum value need not be the only possible angular reading. Other angles may exist as other organized transport relations. What is not fixed here is whether changing that angle changes only the two-aspect ratio or also the propagation speed, since μ and ϵ enter both the ratio $\sqrt{\mu/\epsilon}$ and the speed $c=1/\sqrt{\mu\epsilon}$. The chapter therefore opens a direction: transport may be reoriented even when the full constant structure is not yet closed.


Separating common loading from aspect skew

The two recovered coefficients enter transport in two independent combinations:

$$
v = \frac{1}{\sqrt{\mu\epsilon}},
\qquad
Z = \sqrt{\frac{\mu}{\epsilon}}.
$$

The product μϵ fixes the common propagation lag. The ratio μ/ϵ fixes the skew between the two complementary aspects. So if the skew is to be constrained by a toroidal integer pair, the clean place to write that constraint is the ratio itself.

Write

$$
s := \sqrt{\mu\epsilon},
\qquad
r := \frac{\mu}{\epsilon}.
$$

Then

$$
\mu\epsilon = s^2,
\qquad
\frac{\mu}{\epsilon} = r.
$$

Multiply these two relations:

$$
\left(\mu\epsilon\right)\left(\frac{\mu}{\epsilon}\right)
=
s^2 r.
$$

The factor ϵ cancels, so

μ2 = s2r.

Taking the positive root gives

$$
\mu = s\sqrt{r}.
$$

Now divide the product relation by the ratio relation:

$$
\frac{\mu\epsilon}{\mu/\epsilon}
=
\frac{s^2}{r}.
$$

The factor μ cancels, so

$$
\epsilon^2 = \frac{s^2}{r}.
$$

Again taking the positive root gives

$$
\epsilon = \frac{s}{\sqrt{r}}.
$$

Therefore the pair can always be written as

$$
\mu = s\sqrt{r},
\qquad
\epsilon = \frac{s}{\sqrt{r}}.
$$

Now impose the literal toroidal ansatz

$$
r = \frac{m}{n},
\qquad
m,n \in \mathbb N.
$$

Then

$$
\mu = s\sqrt{\frac{m}{n}},
\qquad
\epsilon = s\sqrt{\frac{n}{m}}.
$$

The two observable transport combinations become

$$
v = \frac{1}{s},
\qquad
Z = \sqrt{\frac{m}{n}}.
$$

This separates the two roles cleanly.


	The common lag is carried by $s = \sqrt{\mu\epsilon}$.

	The aspect skew is carried by the toroidal ratio m/n.



The symmetric case is recovered when

m = n,

for which

μ = ϵ = s,   Z = 1.

So the toroidal ratio does not need to set the common propagation speed. It can change only the relative weighting of the two aspects while the common loading scale s remains fixed. Conversely, changing s at fixed m/n changes the common refractive lag while preserving the same aspect skew.



Extracting a rational core and a residual skew

The observed pair need not satisfy the toroidal ansatz exactly. In that case one may still separate a rational core from a residual skew.

Let the observed coefficients be

μobs,   ϵobs,

and write the observed skew as

$$
r_{\mathrm{obs}} := \frac{\mu_{\mathrm{obs}}}{\epsilon_{\mathrm{obs}}}.
$$

Choose a rational approximation

$$
\frac{m}{n}
$$

to that observed skew, and define the residual factor

$$
\rho
:=
\frac{r_{\mathrm{obs}}}{m/n}
=
\frac{n\,\mu_{\mathrm{obs}}}{m\,\epsilon_{\mathrm{obs}}}.
$$

Then

$$
r_{\mathrm{obs}} = \rho\,\frac{m}{n}.
$$

Let the common loading scale still be

$$
s := \sqrt{\mu_{\mathrm{obs}}\epsilon_{\mathrm{obs}}}.
$$

Substituting

$$
r = \rho\,\frac{m}{n}
$$

into the earlier decomposition gives

$$
\mu_{\mathrm{obs}}
=
s\sqrt{\rho\,\frac{m}{n}},
\qquad
\epsilon_{\mathrm{obs}}
=
s\sqrt{\frac{1}{\rho}\,\frac{n}{m}}.
$$

So the observed pair is separated into three pieces:


	the common loading scale s,

	the rational toroidal core m/n,

	the residual skew ρ.



If

ρ = 1,

then the observed ratio is exactly toroidal:

$$
\frac{\mu_{\mathrm{obs}}}{\epsilon_{\mathrm{obs}}} = \frac{m}{n}.
$$

If instead

ρ ≠ 1,

then the ratio contains an exact rational core together with a non-rational correction. In that case the toroidal integers describe only the leading skew, not the full observed value.





Summary

This book begins from one ontological claim only: interaction implies a shared substrate. That substrate is identified here as energy. Physics is therefore not built from separate primitive substances called matter, charge, force, and spacetime, but from ordered registrations of energy and the question of how one registration becomes another without primitive creation or annihilation.

The flow of energy allowing its reconfiguration is the central object of the book.

In the source-free case, a region changes only by what crosses its boundary. The resulting transport is therefore continuous and divergence-free. Once that condition is imposed, local reorganization must preserve the same flow rather than replace it by a new one. The book argues that this is exactly what curl does, and that closing the same reorganization on the same field gives double-curl transport. This double-curl closure reduces to the wave equation. In this sense, the source-free Maxwell transport is recovered as the way energy reorganizes and trasports.

Once the same flow is required to close on itself, discreteness appears. When flow closes on itself, standing waves on that closure admit only integer windings and therefore only discrete modes. The book then reads the hydrogen spectrum as evidence that matter can be understood as stationary standing organization of energy flow, with the observed spectral pattern arising from reorganizations between allowed closures (windings) rather than from an independent particle ontology.

The Schrodinger equation is recovered as a narrow-band approximation of a standing wave of energy flow. The quantum sector is therefore not introduced by new postulates but as an approximation of self-bounded energy flow, a change of regime within the same transport picture.

Self-refracting flow can close on itself. When it does, the simplest topologically self-sustaining shape is toroidal — a sphere with a through-hole sustains continuous nowhere-vanishing tangential flow in two independent directions, while a plain sphere does not. More complex closures — trefoils and other knotted configurations — are also admitted by the same dynamics, but the torus is the primitive case.

A torus carries exactly two independent non-contractible cycles. The flow winding around each cycle is an integer, so the toroidal mode is characterized by a winding pair (m, n). These integers are topologically rigid under continuous source-free evolution. The through-hole of the toroidal closure acts as a directed magnetic moment — an oriented, conserved quantity whose sign and class are fixed by the winding before any force law is written.

Charge is recovered as the (m, n) energy flow of the toroidal shell projected onto successive enclosing shells. Because the same organized flow is distributed over shells of increasing area, its surface density falls as 1/r2. This is the source-free account of the inverse-square field: no primitive source is required, only a topologically non-trivial closure whose interior organization continues outward.

The same picture gives mechanics in effective form. Energy flow carries momentum, and force is the net momentum flux across the boundary of a localized region. Newton’s law is thus not a separate primitive rule, but the integrated continuity law for momentum applied to a stable configuration. A late chapter then shows that if different observers preserve the same source-free transport law, the admissible re-description of motion takes Lorentz form. The book’s kinematics is therefore recovered as a consequence of transport invariance, not as an independent spacetime postulate.

Mass is not a property of a single toroidal mode but the aggregate scalar energy of many such modes, measured as E/c2. Two simple toroidal closures interact electromagnetically through the signed shell potential carried by their net chiral (m, n) organization. Gravity, by contrast, comes from the surviving scalar monopole of many positive closure energies: the oriented structures cancel in the aggregate, while the positive energies sum and bend passing transport by refraction. For extended rotating systems, however, the scalar monopole is not the whole collective object. A surviving anisotropic stress can remain, and the extra galactic inward load commonly attributed to dark matter is recovered here as a stress-supported shape effect rather than as additional unseen matter. This galactic excess is not a neglected scalar multipole tail of the mass-potential, but the surviving directional second moment of organized transport that a monopole reduction discards. The observed baryonic profile is therefore not rejected, but its scalar-only dynamical reading is.

The unifying claim of the book is not that mathematics is unnecessary, but that fewer primitive ontologies are necessary. One substrate, one continuity principle, one transport law, and one standing-wave logic are taken to be enough to recover the familiar structure of physics in progressively richer forms.




Back Cover

The Physics of Energy Flow derives known physics from first principles as energy transport.

Instead of assigning independent ontologies to matter, charge, force, gravity, and curved spacetime, this book starts from one substrate only and asks what must follow if energy exists and flows continuously.

The result is a reconstruction in which the Maxwell equations are identified as the complementary rotations of a single flow, with E and B as complementary aspects of that flow.

When the flow organizes in standing-wave patterns, quantization naturally follows.

Then, if matter is standing waves of energy flow, gravity follows.

This is not a denial of mathematics. It is a refusal to mistake mathematical maps for the territory they describe.
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