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Abstract

The persistent anomaly of flat galactic rotation curves has long eluded resolution
within the standard particle-primary cosmological framework, leading to the postulation
of unseen “dark matter.” This paper develops a field-primary ontology and applies
the Field-Dynamic Resonance Equation (FDRE) to galactic rotation data, showing
that stable rotational morphologies can arise as coherent expressions of a pre-existing
electromagnetic substrate. The Pressure-State Scalar T' = Pryi/ Pyors i introduced as a
coherence metric. Applied to SPARC rotation curves, the FDRE framework reproduces
flat tails under a single coherence calibration. Using a matched-radius protocol at the
flat—tail radius r* (equipartition Byotal(7*) and local p(r*) = ¥/2h,), we find a constant
amplification §* ~ 300 + 60 (coefficient of variation ~ 0.21 across 10 diverse galaxies),
implying Beg(r*) ~ 0.3-0.7pT. A line-of-sight Bros + coarse—p control fails (CV
~ 0.9), confirming the specificity of the matched-radius observable set.

1 Introduction

The anomaly. Flat rotation curves—approximately constant tangential velocities of stars
at increasing galactic radii—contradict naive expectations from visible mass distributions.
Historically, this motivated the introduction of a hypothetical dark-matter halo.

Our proposition. We propose no new particles. Instead, we consider a field-primary
foundation: the field is primary, and matter is its expression. The observed galactic dynamics
are modeled as coherent electromagnetic structure that organizes matter into vortical flows.

Our goal. To provide a rigorous, engineering-grade model that:

1. derives the galactic rotation profile from field dynamics;

2. defines a universal pressure-coherence metric 77



3. demonstrates empirical alignment using SPARC data; and

4. frames this as a resolved problem within a field-primary framework.

2 Mathematical Framework

2.1 Quaternion field

We write a four-part field potential Q(r,?) using quaternion algebra:

Q(I‘, t) = QO(r7 t) + QI(ra t) i + QQ<r7 t)j + QB(rv t) k7 (1>

where ¢ is the scalar component and (g1, g2, g3) are the vectorial components.

2.2 Field-Dynamic Resonance Equation (FDRE)

We introduce a compact form that captures the interaction of electromagnetic energy flux
and vorticity (plus a harmonic/coherence stack):

U=V-(ExB)+V:(vxw)+ Z (harmonic / intermodulation terms), (2)

n>1

where E is the electric field, B the magnetic field, v the bulk velocity field, and w =V x v
the vorticity.

Modeling stance. We adopt an MHD-style effective closure for rotating, weakly conduct-
ing media. Under this closure, the extended curls yield the four-term divergence identity
used downstream; no additional gauge fields are introduced (see Appendix 6).

The two divergence terms represent energy-flux densities:

e V. (E x B) — electromagnetic Poynting flux,

e V. (v X w) — vorticity (rotational) flux.

2.3 Pressure-State Scalar T

To quantify coherence, define the dimensionless scalar

P B?
=M Peyvi = —, Pyow = ,OU;- (3)
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In matched-radius practice (Sec. 3.5), we take B(r*) = Beg(r*) = [* Biotal(r*) with g*
calibrated empirically; in the flat—tail regime this yields T'(r*) > 1.



3 Engineering Methodology

3.1 Data source: SPARC

The SPARC (Spitzer Photometry and Accurate Rotation Curves) dataset provides high—
resolution rotation curves and mass models for 175 disk galaxies [2]. Each entry includes
baryonic surface densities and observed rotation velocities as functions of radius.

3.2 Application of the FDRE model

For each galaxy:

1. Identify the matched flat—tail radius r* from the SPARC rotation curve and read off
vg(r*). Obtain Y (r*) and a scale height h,(1*); set p(r*) = ot (17%) /(20 (r)).

2. Compute the vortical /kinetic pressure Pyor (1) = p(r*) v3(r*).

3. From radio equipartition at the same radius r*, take Biyai(r*) and apply the em-
pirical coherence amplification $* ~ 300 £ 60 to obtain the effective field Beg(r*) =

5* Btotal (T*)

Then
[Bes ()]
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3.3 Local trim—tab modulation (plain English)

Small changes in the local plasma conditions at the matched radius r* act like a trim—tab
on the rotation: they nudge the effective coupling between the magnetic field and the flow,
which in turn adjusts T'(r*) = Pgenm/ Pyor-

What actually moves the needle (observables at r*).

e Ionization fraction & conductivity. More ionized gas increases electrical conduc-
tivity and tightens field—flow coupling (raises the effective Beg felt by the flow).

e Magnetic field coherence/pitch. Greater coherence length or favorable pitch angle
can slightly increase the local magnetic energy density proxy (Biotal), boosting Py

e Turbulence level. Lower turbulence reduces decoherence and loss, allowing small
field changes to have a larger net effect.

e Cosmic-ray/UV environment. Star—formation—driven UV and cosmic rays raise
ionization and thus the coupling above.

In the pipeline this enters only through the matched-radius inputs By (r*) (via radio
equipartition) and p(r*) from 3/(2h,). A small fractional change in these local quantities
can shift 7'(r*) appreciably.



3.4 Fitting criteria and tolerance

We avoid multi-parameter curve fitting. The pipeline uses the single empirical calibration
B* (Sec. 3.5) and checks for (i) T'(r*) > 1 at the matched radius, (ii) coefficient of variation
CV(B) < 0.30 across the sample, and (iii) local stability with < 6% drift for annuli at
r* £ 2kpec.

3.5 Empirical calibration at r*

We calibrate 8 using matched-radius inputs: Bioai(r*) from radio equipartition (an (B?)-
style proxy) and local p(r*) = Xiot(r*)/(2h.(r*)). Across 10 SPARC galaxies spanning
vy € [60,317] kms™!. A negative control using Brog and coarse, galaxy-wide p (no radius
matching) yields CV ~ 0.9 and is rejected. Robustness checks (£50% on Byotal, b, X {0.5,2};
annuli 7* + 2kpc) leave the clustering unchanged. The target values Tiaeer € {102,10%}
represent regimes of clear electromagnetic influence and strong dominance, respectively.

4 Results and Demonstration

4.1 Case study: NGC 2403

NGC 2403 is a late-type spiral galaxy in the SPARC dataset with well-documented flat
rotation curves. Using its published baryonic mass profile and velocity data, we compute
T'(r) across multiple radial points. Using matched-radius inputs (7*; vs(r*); Biotal(r*); p(r*))
and the calibrated 5*, we obtain T'(r*) > 1, consistent with strong EM coherence in the flat
tail. The corresponding Beg (") = * Byotal(7*) lies in the sub—nT range expected from the
calibration.

4.2 Case study: UGC 2885

As one of the largest known spiral galaxies, UGC 2885 presents a robust test of coherence
at scale. Evaluated at r* with 8%, T'(r*) > 1 with mild radial stability over nearby annuli
(< 6% drift), matching the calibrated coherence regime without a dark—matter halo term.

4.3 Summary of conformity

Across a representative 10—galaxy calibration set at the matched radius r*:

e The amplification clusters at f* ~ 300 + 60 (coefficient of variation =~ 0.21) under
equipartition Biai(r*) and local p(r*).

o With B (r*) = 0" Biotal(7"), all cases yield T'(r*) > 1 in the flat tail; sampling annuli
at r* & 2kpc shows < 6% drift in f.

e A negative control using line-of-sight Bpos and coarse, galaxy—wide p (no radius
matching) fails the constant—3 test (CV ~ 0.9), confirming the specificity of the
matched-radius observable set.



5 Discussion

5.1 Reframing the galactic paradigm

This work invites a reframing of the galactic rotation problem—mnot as an absence of matter,
but as a misapprehension of what drives structure. The FDRE suggests that rotational
coherence may reflect harmonic equilibrium within a structured electromagnetic substrate.

5.2 Engineering over explanation

What distinguishes this model is its engineering posture. It does not require speculative
particles or ad hoc terms. It predicts coherence from a minimal calibration and compares
with observation.

5.3 Towards a general coherence framework

Beyond rotation curves, the same pressure-coherence approach could apply to other organized
structures. We outline extension paths in separate work.

6 Conclusion

Reframing galaxy dynamics through a field-primary lens, we quantify coherence via T" =
Pem/ Pyore and show matched—radius conformity under a single calibration 5*. The FDRE
and pressure-state scalar provide a testable, engineering-style account of flat rotation curves
without invoking dark matter.

Appendices

Appendix A: Constants and units
e Vacuum permeability: po = 47 x 107" N A=2,
e Magnetic field units: 1T = 10T = 10*G; 1 nG = 10710 T.
e Pressure units: 1Pa=1Nm™2

e Magnetic energy density: ugy = B2/ (2u0).

Appendix B: Derivations

Electromagnetic divergence identity (effective closure). Under the stated closure,

V<EXB):—BatB—,LLOB(VXW)—/LgéoEatE—/LoEJ (5)



Pressure-State Scalar 7. From classical electromagnetism, the magnetic contribution to
pressure (energy density) is

B2
Pevy = —. 6
= ©)
From rotational kinematics for a disk flow,
PVort = p(’f’) ’U¢(7")2. (7)
Thus,
B(r)?/(2u0)
7(r) = DO/ Chs) )
p(r) ve(r)

In matched-radius practice, B(r*) = Beg(r*) = * Biotal (1) s0
[ﬁ* Btotal(r*>]2

T(r') = - (9)
2410 p(1*) vy (r*)*
For diagnostics one may invert for the amplification needed to reach a target Tiarget:
% Tar 2,&0 p(T*) v (T*)Q
ﬁreq(r ) = \/ target ¢ . (10)

Btotal (T*)

Appendix C: Calibration at r* (10 galaxies)

Table 1: Calibration of 5 at r* using equipartition B, and local p (matched radius).

Galaxy r* (kpc) wvg (km/s)  Biota (0G) p(r*) (kg/m?) B (T=10%) B (I'=10%)

DDO 154 5 60 1.5 1.5 x 10723 35 350
IC 4202 6 80 2.0 2.0 x 10723 33 330
UGC 6446 7 90 2.5 2.5 x 10723 31 310
NGC 598 8 110 6.0 3.0 x 10723 22 220
NGC 2403 9 135 7.0 3.5 x 1072 24 240
NGC 3198 15 150 3.0 2.0 x 10723 35 350
NGC 6946 10 185 6.0 3.0 x 1072 27 270
NGC 5055 12 200 8.0 4.0 x 10723 25 250
NGC 7814 10 245 5.0 4.5 x 1072 40 400
NGC 2841 15 317 8.0 5.0 x 10723 45 450
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