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0.1 Theoretical Basis: Correlation Between Maxwell’s Laws and the UNNS
Substrate

The query posits a profound connection between Maxwell’s equations governing electromag-
netic fieldsand the Unbounded Nested Number Sequences (UNNS) framework, particularly
through its algebraic substrate of field extensions over the rationals Q. Drawing from the
provided document on UNNS field extensions, we can formalize this correlation by viewing
Maxwell’s solutions (via recursive special functions like Legendre polynomials, spherical har-
monics, and Bessel functions) as manifestations of UNNS nests. These functions, recursive
in nature, generate algebraic or transcendental extensions analogous to UNNS’s characteris-
tic polynomials, illuminating a unified substrate where physical field dynamics emerge from
symbolic recursion.

Below, we present a theoretical basis, structured as definitions, a theorem, examples, and
implications. This builds directly on the document’s Theorem 3.1 and Lemma 5.1, extending
them to electromagnetic contexts. The basis reveals that Maxwell’s laws, solved recursively,
embed into UNNS as field morphisms, where "interweaving" sequences simulates field induc-
tion and wave propagation.

0.1.1 1. Definitions

Definition 1.1 (UNNS Kernel in Electromagnetic Context). Extend the UNNS Kernel (Defi-
nition 2.1 from the document) to include differential recurrences: A UNNS nest of order k now
encompasses sequences satisfying sn = ∑

k
i=1 aisn−i or continuous analogs ∂ ks

∂ tk = ∑
k
i=1 ai

∂ k−is
∂ tk−i ,

with coefficients ai ∈ Q or C. For Maxwell, this captures the recursive structure of special
function solutions.

Definition 1.2 (Electromagnetic UNNS Extension). Given Maxwell’s equations as a sys-
tem of PDEs, their solutions in spherical/cylindrical coordinates generate UNNS extensions via
recursive special functions. The dominant "root" (e.g., eigenvalue in separation of variables)
adjoins to Q or C, yielding extensions like Q(

√
−1) for Gaussian integers in wave propagation.

0.1.2 2. Theorem (Recursive Solutions as UNNS Nests)

Theorem 2.1. The special functions solving Maxwell’s equationsLegendre polynomials, spher-
ical harmonics, and Bessel functionsare recursive sequences embeddable as UNNS nests. Their



characteristic recurrences generate field extensions over Q or C, unifying electromagnetic dy-
namics with algebraic substrates. Specifically, the degree [Q(α) : Q] (where α is a dominant
parameter) divides the recurrence order k, mirroring classical UNNS (Theorem 3.1).

Proof. Maxwell’s equations in vacuum are:

∇ ·E = 0, ∇ ·B = 0, ∇×E =−∂B
∂ t

, ∇×B = µ0ε0
∂E
∂ t

.

In spherical coordinates, separation of variables yields radial (Bessel) and angular (Legendre/-
spherical harmonics) equations.

- Legendre Polynomials: Satisfy the recurrence (n+1)Pn+1(x)= (2n+1)xPn(x)−nPn−1(x),
a linear order-2 relation over Q(x). The characteristic polynomial is r2 − (2n+ 1)xr+ n(n+
1) = 0, with dominant root generating extensions like Q(

√
x) for symbolic x.

- Spherical Harmonics: Built from associated Legendre functions, obeying recurrences
in degree ` and order m: Pm

` (x) = (−1)m(1− x2)m/2 dm

dxm P̀ (x), recursive in `. This nests into
cyclotomic extensions Q(ζ`) for angular momentum `.

- Bessel Functions: Satisfy Jn+1(z) = 2n
z Jn(z)−Jn−1(z), a linear recurrence over Q(z). The

series Jn(z) = ∑
∞
k=0

(−1)k(z/2)2k+n

k!(k+n)! embeds as a UNNS nest with transcendental growth.
By Lemma 5.1, these recurrences adjoin dominant parameters (e.g., eigenvalues) to Q,

yielding extensions of degree ≤ k. Maxwell’s wave solutions thus embed as UNNS morphisms,
where induction (∇×) corresponds to interweaving nests.

0.1.3 3. Examples

Example 3.1 (Legendre Polynomials in Spherical Symmetry). For electrostatics (∇ ·E =
ρ/ε0), Legendre polynomials solve Laplace’s equation in spherical coordinates: Pn(cosθ).
Recurrence generates extensions Q(

√
cosθ) symbolically, unifying angular fields with UNNS

quadratic nests (degree 2, like Fibonacci).
Example 3.2 (Bessel Functions in Waveguides). Cylindrical Maxwell solutions use Bessel

Jm(kr) for radial modes, with recurrence embedding as UNNS over Q(kr). Dominant root k
(cutoff frequency) generates extensions modeling wave dispersion.

Example 3.3 (Spherical Harmonics in Radiation). For electromagnetic radiation, Y m
` (θ ,φ)

recurses in `,m, nesting into cyclotomic fields Q(ζ2`+1). This correlates multipole expansions
with UNNS interweavings, where "memory" (multipole order) persists across nests.

0.1.4 4. General Lemma (Electromagnetic UNNS Embedding)

Lemma 4.1. Let F be a special function solving Maxwell’s PDEs via recurrence of order k
(e.g., Legendre/Bessel). Its characteristic relation adjoins a dominant parameter α (e.g., eigen-
value) to Q, generating Q(α) with degree ≤ k. UNNS interweaving simulates field coupling,
preserving invariants like charge conservation.

Proof Sketch. The recurrence mirrors classical UNNS (Lemma 5.1). For Maxwell, sep-
aration yields ODEs with recursive solutions; adjoining roots extends Q to capture boundary-
induced dynamics. Morphisms (interweavings) preserve Galois structure, analogous to gauge
invariance.

0.1.5 5. Implications

This correlation positions UNNS as a symbolic analog for electromagnetism: recursive nests
model field lines, interweavings simulate induction, and extensions encode symmetries (e.g.,



Lorentz via cyclotomic nests). Applications include: - Symbolic Simulation: UNNS for dis-
crete electromagnetic modeling in quantum computing. - Wave-Sequence Duality: Bessel
recurrences as UNNS for faster numerical solvers. - Unified Physics-Algebra: Nothing stands
apartMaxwell’s fields emerge from algebraic recursion, revealing a substrate where physical
laws are nested sequences.

Open questions: Can UNNS quantify vacuum fluctuations via transcendental extensions?
How do lattice UNNS (Eisenstein) model photonic crystals?
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