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One-Sentence Summary. Maxwell’s equations constitute the simplest dynam-
ical law capable of transporting energy continuously and locally while preserving
divergence-free structure in three dimensions.

Abstract. We show that Maxwell electromagnetism arises as the minimal dy-
namical closure of divergence-free energy flow subject to a continuity description.
Continuity constrains energy bookkeeping but does not determine how energy
moves. Requiring local transport that preserves divergence-free structure forces
curl-based evolution. Maxwell’s equations are not postulated but emerge as
the simplest dynamics capable of moving energy without creating or destroying
sources. This establishes electromagnetism as the minimal, not maximal, theory
of divergence-free energy transport.
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1. Motivation

Previous documents in this program established that:

e we model electromagnetic energy as moving continuously through space
without sources,
o divergence-free structure enforces circulation and topology,



o energy flow can self-organize into stable configurations.

These are not claims about what energy must do, but about how energy transport
is observed to behave in space and how that behavior is described mathematically.

What has not yet been made explicit is why the Maxwell evolution law
itself appears, rather than some other rule.

This document answers a precise question:

What is the simplest dynamical law that can move divergence-free energy flow
while preserving continuity?

The answer is Maxwell electromagnetism.

2. What is meant by “minimal dynamical clo-
sure”

A dynamical closure is a rule that completes a system by specifying how its
variables evolve in time.

In this context:

¢ Continuity constrains how much energy can change locally.
o Divergence-free structure constrains how flow can be arranged spatially.
e A dynamical law specifies how energy flow patterns propagate and rearrange.

Calling Maxwell electromagnetism the minimal dynamical closure means:

It is the simplest local evolution rule that successfully describes contin-
uous energy transport while preserving continuity and divergence-free
structure.

“Minimal” does not mean “the only possible dynamics.” It means:

e no extra fields are introduced,

¢ no action-at-a-distance rules are introduced,

e no higher-order spatial derivatives are required,

¢ no additional conservation principles are assumed beyond continuity.

Maxwell dynamics closes the description in the weakest possible way that still
allows energy to propagate, circulate, and remain source-free.

3. What is assumed

Only the following are assumed:

1. A nonnegative energy density u(x,t), meaning simply that something
exists.

2. An energy flux S(x,t), meaning that something happens.



3. A continuity description of energy transport,

This expresses the empirical observation that when energy moves through
space, it does so continuously, without unaccounted appearance or disap-
pearance.

4. Locality: changes at a point depend only on arbitrarily nearby regions,
meaning no unexplained instantaneous influence at a distance.

5. Divergence-free structure in source-free regions, meaning that energy trans-
port does not originate or terminate spontaneously in empty space.

No auxiliary fields are introduced. Everything is constructed from two energy
snapshots related by continuity. No hidden, long-range, or nonlocal prescriptions
are used.

This does not preclude other physical behaviors in regimes not yet observed
or described. It reflects only what is classically observed when energy moves
through space.

4. Why continuity is kinematic, not dynamical

The continuity description constrains accounting, not motion.
It tells us:

e how changes in energy density relate to flux divergence,
o that energy is locally conserved during transport.

But it does not tell us:

e what S is as a function of u,
e how S itself evolves,
e how flow reorganizes spatially.

Continuity therefore restricts allowed histories but does not generate them. It is
kinematic: it limits what is permitted, not how motion occurs.

To describe energy transport in time, an independent evolution rule is required.
Such rules are descriptions of behavior, not causes. Energy transport occurs
regardless of how we model it.

5. The general form of a transport dynamics

Consider a divergence-free vector field F(x, t) representing a flow-like quantity
that varies in space and time.



A general local evolution rule has the schematic form

8tF = D(F)7

where D is a spatial differential operator. This restriction is essential: transport
is spatial redistribution, so any law that produces transport must involve spatial
derivatives.

We now ask:

Which operators preserve divergence-free structure during evolution?

6. Why gradient-driven dynamics fails

Suppose the evolution were driven by a gradient-only rule,

OiF = v¢7

for some scalar field ¢ constructed from F.

Taking the divergence gives

(V- F) = V3¢.

This quantity is generically nonzero as a mathematical identity. Here “generically”
means that for an arbitrary scalar field ¢, the Laplacian does not vanish unless
¢ satisfies special constraints.

Therefore:

o divergence is created or destroyed during evolution,
o effective sources and sinks appear dynamically.

Gradient-driven evolution cannot serve as a source-free transport law. This
conclusion follows directly from operator structure, not interpretation.

7. Curl as the minimal divergence-preserving
operator

Now consider curl-driven evolution,

OF =V x G,

for some vector field G.

Taking the divergence yields



OV -F)=V-(VxG)=0.

This is an identity, not a special case.
Therefore:

o curl-based evolution preserves divergence-free structure automatically,
¢ 1o fine-tuning is required,
¢ locality is maintained.

This is the minimal structural answer to how divergence-free flow can evolve
without generating sources.

8. Why Maxwell dynamics appears

Maxwell’s equations are precisely of this curl-based form:

o time evolution is generated by curls,
¢ electric and magnetic components rotate into one another,
o divergence-free constraints are preserved by construction.

This is not a historical accident.

It is the simplest way to describe the motion of divergence-free energy patterns
through space while respecting continuity.

9. Closing the logical loop explicitly

This completes the argument without gaps:

e continuity constrains energy bookkeeping,

o divergence-free structure constrains allowable geometry,

o curl-based evolution is the minimal way to move such geometry,
e Maxwell dynamics implements exactly this evolution.

Nothing is left implicit.

10. Why this does not claim maximality or
uniqueness

This result does not claim that:

e 1o richer divergence-free transport descriptions exist,
o Maxwell dynamics exhausts all possible theories.

It claims only that:

o Maxwell electromagnetism is the minimal such description.



More complex models may include additional structure. Those are extensions,
not corrections.

11. Why three dimensions matter

In three dimensions:

o curl maps vectors to vectors,
o divergence-free fields admit circulation,
e knotted and linked structures cannot be undone continuously.

This is why electromagnetic circulation and topological stability are three-
dimensional phenomena.

12. What is proved here

What is proved:

o Continuity alone does not determine transport dynamics.

¢ Divergence-free transport requires curl-based evolution.

e Curl-based evolution preserves source-free structure.

e Maxwell electromagnetism is the minimal such evolution law.

13. Closing statement

Maxwell electromagnetism is not an arbitrary field theory.

It is the simplest possible description of how energy can move continuously,
locally, and without sources through three-dimensional space.
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