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Abstract

Helical structures in space—from the Galactic Center’s Double Helix to protostellar and AGN
jets and even spinning cosmic filaments—invite a unified, dimensionally exact account of twist,
link, and writhe. We develop such an account strictly in Quantum Measurement Units (QMU)
within the Aether Physics Model (APM). The central result is that magnetic helicity H,, carries
the unit mflx?, which equals the QMU unit eddy: eddy = mflx?. Using the APM substrate ledger
A, -curl = qu/\c2 and the thermal identity temp = )\c~2F,12 (Thomson, 2024), we derive the
complementarity eddy = A, /curl, temp = A, curl, and temp - eddy = A,2%. These relations yield
dimensionless invariants linking observations to topology: (i) a helicity—temperature count T =
(H,, temp)/A,? = 2 Lk (turn count); (i) a helicity impedance Z = (H,,/H}) (swep?/mflx?) =
(H,./H}) expr? (magnetic vs. kinetic partition); (iii) a kinetic benchmark K = Hj,/(temp Ac?)
(mode content); and (iv) a magneto-kinetic efficiency X = H?/(temp - eddy - A\c?) (coupling).
Applications span the Double Helix Nebula, jet polarization and rotation-measure gradients,
and stacked filament spins. Laboratory protocols using rmfd systems, conical Tesla resonators,
and slit-tube relaxation are provided, offering falsifiable QMU predictions without translation to
SI/MKS in the main text. A general SI-QMU transfer function and end-to-end data workflows
are supplied in Appendix D.
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Introduction and observational context

Helical morphologies and polarization signatures indicate that helicity—a measure of handedness
distinguishing twisted from untwisted, linked from unlinked configurations—plays a central dynamical
role in magnetized media across scales. Empirically salient exemplars include:

the infrared Double Heliz Nebula (DHN) near the Galactic Center, interpreted as a magnetic
torsional wave (Morris et al., 2006, 2005);

protostellar jets with full jet-+counterjet RM tomography, revealing helical fields (Rodriguez-
Kamenetzky et al., 2025);

AGN jets exhibiting transverse RM gradients and helical-field edge parity (Gabuzda, 2018;
Gabuzda et al., 2018; NRAO, 2021; Peng et al., 2024);

large-scale cosmic filaments with stacked spin signatures (Wang et al., 2021; Tang et al., 2025).

Why APM/QMU over standard MHD. Standard MHD often mixes units and phenomenolo-
gies across regimes. APM/QMU instead enforces a single ledger—substrate through topology—so
that helicity budgets, thermodynamics, and relaxation share common units and invariants. This
makes cross-scale comparison (lab <+ jets) algebraic rather than conventional.



2 APM/QMU preliminaries and substrate ledger

We adopt the QMU base symbols of electron mass (me), Compton wavelength (A¢), quantum
frequency (F,), electrostatic charge (e?), magnetic charge (€emax>) and the Aether unit constant
(Ay). The core ledger identity is

Ay - curl = F2\ 2, (1)

with ¢ = A¢F, and curl = Comax> /(me Ac). The canonical composite units are volume, resonance,
magnetic flux, temperature, and sweep

Me )\Cqu

volm = \o?, rson = qu, mflx = 5
€emax

)

temp = A\c?F,? (Thomson, 2024), swep = A\c>F),.

We also use the substrate units exposure (expr = €emax>/Me) and electric charge gradient (elcg =
emax>/Ac), and the derived electromagnetic interaction density (emid = expr - chrg) with charge
(chrg = €emax?). The APM eddy current ledgers (see §4) give

A ind t
eddy = mflx> = —“ = angm - resn = potn - indc = B mAg - 2
curl capc chrg

2.1 First-principles derivation of A, - curl = Fq2)\02

The eddy is defined by eddy = mflx?. Independently, circuit /relaxation arguments give eddy =
A, /curl (substrate over curl). Equating,

mQQ/\c‘qu2

€emax

A, (me A\2E, @

curl

2
) — A, =-curl

€emax

Substituting curl = eemax2/(me Ac) gives

2 2 4712 3 2
e me“ Ao~ F, me Ao F,
Au _ Cemax  TMe C Iq _ e C L'q N Au . curl =

3 2 2
Me AC Fq €emax”
Me A\C 6emax4 eemaXZ eemaXZ Me A\C

AAFS2 |

Thus eq(1) follows from eddy = mflx?> = A, /curl and the flux/curl definitions.

2.2 Thermal identity temp = )\CQF,f from mode counting

Consider a photon in a QMU cavity of volume volm = Ac®. Mode density per band scales as
()\071)3; per-mode energy scales with the characteristic rate Iy and spatial scale Ac, so the only
quadratic scalar available against the substrate is )\CQF,]Z. Demanding (i) a single thermal ledger
consistent with eq(1) and (ii) that the Stefan—Boltzmann prefactor be a pure number in QMU (no
residual charge powers) fixes

temp = \c2F,* | (3)

Together with eq(1) this yields the complementarity temp = A, curl and temp - eddy = A,? (see

§4). A detailed Faraday-rotation example of the same cancellation of odd charge powers appears in
§7 and §E.



3 Helicity units in QMU
3.1 Magnetic helicity
Magnetic helicity is Hy, = [, A -BdV. Because B =V x A, we have [A] = [B] A\¢. In QMU,

mflx mflx
B=— = [Al=—"—"F, dV] = \c?,
[B] Y [A] o [aV] = Ac

hence

[H,,] = mflx? = eddy. (4)
For thin, isolated flux tubes with total flux ® and linking number Lk,

H,, ~2Lk®? =2 Lkeddy. (5)
3.2 Kinetic and cross helicities
Kinetic helicity Hy, = [v - (V x v)dV has
V] =AcF,, [VxvV]=F, [dV]=A" = [Hy]=swep”.
Cross helicity H. = [v-BdV yields
fl
[He] = (AcFy) - % “Ac® = A\ F,; mflx = swep - mflx.
C
4 Eddy ledgers and complementarity
A central APM result is that the QMU unit eddy equals magnetic-flux squared,
eddy = mflx?, (6)
and participates in a network of equalities:

A indc momt
eddy = —% = angm - resn = potn - indc = ! — mfd - _
curl capc chrg

(7)

With units resistance (resn = mflx/chrg), time (time = 1/Fj), and kinetic friction (kfen = resn - Fy)
we get resn = time - kfcn, and the relaxation identity reads

eddy = angm - (time - kfcn).

Combining eq(1) with temp = )\CQFqQ gives the complementarity:

Ay
eddy = ol temp = A, curl, temp - eddy = 4,2 |. (8)
ur

Emid ledger and geometry bridge. Over the QMU area area = A2,

2 2
€emax 2 €emax  _ €emax

emid = curl - area - elcg | = c
Me AC Ao Me

= expr - chrg, (9)

so emid quantifies a curl-area—gradient throughput and also equals the product of exposure and
magnetic charge.



Sidebar: Geometric meaning of emid = curl - area - elcg

elcg
K-v—v>

area = \¢
emid = curl - area - elcg = expr - chrg}

Interpretation. A normalized curl strength (curl) acting over a quantum area (area) with an
electric charge gradient (elcg) produces an emission/throughput measure emid, which also equals
expr - chrg. This bridges geometry, substrate strength, and charge content in one ledger.

Figure 1: Geometric ledger for emid.

5 Temperature—eddy invariants

Using temp = A\¢>F,% and (8), all of the following are dimensionless in QMU:

(A) Helicity—temperature count. For thin tubes,

H,, 2L
T = te2mp B k:edd;zftemp _ oIk (10)
Ay Ay
(B) Helicity impedance (magnetic vs. kinetic). Using swep?/mflx? = Ac?curl® and expr =
curl A¢,
H,, swep? Hy o o9 H,, 9 H,, (emid\?
Hy, mix®  H, ¢ " P T w, (chrg> (11)
(C) Kinetic benchmark.
H
K= —" (12)
temp Ao

(D) Magneto-kinetic coupling efficiency. With H. = swep - mflx,

Y= H.? B swep? mflx? _ H.? (13)
" temp-eddy - Ac?  temp-eddy-Ac? AN
6 What we actually measure for elcg, area, and emid
QMU gives
elcg = Cemax , area = o2, curl = femax ,
Ao Me AC
S
. €emax 9  €emax €emax
emid = curlareaelcg = ——— - . = = expr - chrg. (14)
Me AC Ao Me



Physically, emid measures the throughput of twist: how efficiently the substrate’s curl and a local
charge gradient, acting over a coherent cross-sectional patch, produce helical structure and magnetic
helicity.

7 QMU rendering of Faraday rotation (with pure-number factor)

In QMU, angles are measured in %ﬂ and A2 is an area ([\?] = area). The rotation law therefore

reads
curl curl

X(A) = RMqmu A%, x| = = [RMqmu] =

Replacing g by 47/ A, and €2 by 87a €emax?, and expressing B) = mflx/area, the Appleton-Hartree
prefactor collapses to a pure number

. 15
2 area ( )

_ (8ra)?
C'Aether = 3973
so the QMU Faraday law becomes
curl
X()‘) = C’Aether [m /ne B” dS] )\2 . (16)

8 Worked examples with end-to-end workflows

We now break circularity by prescribing independent computations from observables to invariants,
using the general transfer in Appendix D.

8.1 (E1) Double Helix Nebula: T from data

Inputs: polarization map — pitch/handedness; RM sign map — B parity; flux proxy; turn count
per segment.
Workflow:

1. Build a thin-tube mask per strand; integrate H,, from A - B using B| and pitch (QMU units via
App. D).

2. Independently, count Lk per segment from geometry.

3. Compute Y = (H,, temp)/A,* with temp from (3).
Test: verify Y /2 equals the independently counted Lk (allowing finite-radius/open-boundary
corrections).

8.2 (E2) AGN or protostellar jet: = from transverse RM tomography

Inputs: transverse RM profiles across the jet, polarization edge parity, flow proxy for Hy.
Workflow:

1. Convert RM gradients to expr = curl\¢ profiles (App. D, Faraday block).

2. Estimate H,, from the thin-tube formula with pitch/flux proxies; estimate Hj from v shear
(App. D).

3. Form = = (H,,/Hy) expr? and map its variation along the jet; compare with collimation and
edge parity.



8.3 (E3) Cosmic-web filaments: S—L—-= scalings

Inputs: stacked red/blue transverse velocities, RM stacking, polarization stacking.
Workflow:

1. Build S = (vy)/(AcF,) and Hy,, Hy, stacks via App. D.

2. Test the scalings S oc £1/2 and S o Z'/4 (justification below). Deviations diagnose multi-mode
content.

Justification of the filament scalings

Assume a single dominant torsional mode within a coherent patch: Hj ~ swep? S? with 8 = O(1).
Using H,, ~ 2 Lk ®? and = = (H,,/Hy}) expr?,

S o« L2 S x =4,

with departures indicating multi-mode mixtures or varying geometry factors.

9 Laboratory protocols (QMU only; with instrument transfer in
App. D)
9.1 rmfd twist-step calibration

At fixed geometry (curl constant), drive a rotating magnetic field (rmfd) near a resonance in
rson = F,% and step the linking by ALk = +1. By eq(5),

AH,,
AHp =2MLkeddy, = eddy= ="

Record radiative/ohmic readouts and convert to temp and eddy via the instrument formulas in
App. D. Check AT =2ALk.

9.2 Conical Tesla resonator (“trumpet coil”): curl sweep at fixed substrate

Vary cone angle to sweep curl while keeping active A, approximately fixed. Prediction from eq(8):
— Ay — — 2
eddy = p— J ascurl 1, temp = A, curl T, temp - eddy = A,°.
cur
Monitor = and X’; magnetic dominance rises with curl.

9.3 Slit-tube relaxation (eddy = angm - resn)

Measure resn(t); infer eddy = angm - resn. Use App. D to convert time series to QMU units and
extract the material dependence of kfcn.



A Ledger algebra and unit checks

€emax

F,
Substrate identities. Using mflx = 72(1 and curl = , we have
€emax Me AC
FAN? FPAPme) AP F,2
Ay - curl = F2A2, — A, =120 _TaC MedC TMedC Za — (17)
curl 6emax2 eemax2
From these,
mA\2F )\, A
eddy—mﬂx2—< ° 02q> =2 (18)
Cemax curl
temp = \c?F,? = A, curl (Thomson, 2024), (19)
swep = )\C2Fq, (20)
2
€emax €emax
- leg — , 21
expr = S olog = e (21)
emid = curl area elcg = Comax_ _ expr - chrg, area = \c>. (22)
€
Moreover,
swep?  temp A2 9 9 2
= = A\¢“ curl”® = expr”, (23)

mflx?  eddy

which justifies the form of E in (11).
Since H. = swep - mflx, we also find

H.? swep? mflx? B A2

- = =" =1 (benchmark single-mode guide). (24
tempeddy )‘CQ temp'eddy')\CQ Au2 ( encnhmark single-mode gul e) ( )

B From RM and polarization to Lk and H,,

For a helical field in a cylindrical guide, transverse RM gradients fix the sign of B) across the jet;
polarization edge parity fixes handedness. The toroidal-to-poloidal ratio 7 = By/B, yields

recoverable from combined RM and polarization mapping. Segment-wise Y = (H,, temp)/A,? then
gives direct turn counts.

C Experimental notes on resn = time - kfcn

In slit-tube relaxation, record resn(t) via QMU-calibrated instrumentation. The action-relaxation
identity eddy = angm - resn allows material-dependent extraction of kfcn. Ringdown in rmfd and
conical geometries provides complementary datasets for the same ledger.



D General SI-QMU transfer function and data workflows

Purpose. Observational and laboratory devices report in conventional units. This appendix
supplies a reproducible mapping to QMU, enabling independent calculation of T, =, IC, X from raw
inputs.

D.1 Base-map of dimensions

Define dimensionless QMU scalars by normalizing to the base scales:

L 174 v
L*:i’ T*:TF’ V*:i’ 'U*: )
Ac I )\03 AcFy
Electromagnetism:
o B Al curl
o = — B* = A* = M — th int 1)
mflx’ mflx ’ mflx’ RMoavu 2 area (pa 1n egra)
Charge relations:
X A 2F A 3F 2
62 = 8na 6emax2, curl = Cema R mflx = LCQ(]? A, = M.
Me AC €emax €emax

D.2 Faraday block (from maps to expr and H,,)

Given a rotation map () and a band of \?:

1. Fit slope 9x/0()\?) per pixel to obtain RM.

2. Convert to QMU via (16) to get RMqumu = (0x/0A?)/Cacther and thus o< curl/(2area).

3. Reconstruct expr = curl \c and Bj| = mflx/area (with ® from B and area mask); compute H,,
via H,, = [ A -BdV or the thin-tube formula.

D.3 Kinematic block (from flows to H; and H.)

With transverse velocity field v (spectroscopic maps),
N v s, VXV

vi=—— (VXxvVv) =
AcFy ( ) F,

Cross helicity: H, = swep - mflx [ v* - B*dV*.

, Hk:/V-(VXV)dV:SW6p2/V*'(VXV)*dV*.

D.4 Laboratory block (from (V,I, R) to temp and eddy)

Let P(t) be measured power and £(t) the stored/returned energy proxy in a resonant cell.

1. Normalize time by 7™ =t F; and energy by the substrate scale A,; define a QMU temperature
trace via

temp(t) = A, curl(t), curl(t) from geometry sweep or RM proxy.
2. Extract eddy from action—relaxation:
eddy = angm - resn, resn = /fR(t) dt,

with fr built from (V, I, R) but reported as a dimensionless integral once time is scaled by Fj,
and energies by A,.



D.5 End-to-end invariant recipes

uild H,, from the Faraday block, temp from the thermal identity or the lab

u
ledger, then divide by A,2.
H
= Fm expr®: H,, from Faraday block, Hj, from kinematic block, expr from RM gradient.
k

_ b
 temp A2
"~ temp - eddy - A\¢

°
(11

o« K : Hy, from kinematic block, temp from the thermal ledger.

5: combine cross helicity with the eddy/thermal products.

E SI—-QMU Faraday-rotation derivation (worked example)

We start from the standard small- wy,, wp Appleton-Hartree form,
el B 9
QMU replacement rules:

4m 9 9 mflx 1

-3
€0=—, € =8MA€emax, Cc=AckFy;, B)= , ds=MAg, ne= =)Ao
A, area, volm

After cancellations (removing odd charge powers), the prefactor becomes the pure number Cpether =

(8ma)3/2/(3273), and we recover the QMU law (16) with [RM]quu = curl/(2area) and [y] = 3.

QMU Glossary of Units Used

o rmfd (rotating magnetic flux detector): rmfd = A,,.

me A\ F,
o mflx (magnetic fluz): mflx = — ¢ q
€emax
A indc
 eddy (magnetic flux squared): eddy = mflx?> = —% = angm - resn = potn - indc = .
curl capc
€emax
e curl: curl = .
Me A

o temp (temperature unit): temp = )\CQFqQ = A, curl.
o swep (sweep): swep = )\CQFq; hence H,. = swep - mflx and [H},] = swep?.

€emax

o expr (exposure): expr =
Me

emax

o elcg (electric charge gradient): elcg = ¢ 3
C

o area (quantum area): area = Ac>.

10



€emax

e emid: emid = curl - area - elcg = = expr - chrg.

(8mar)3/?

o Chacther (Faraday pure-number factor): Cpaether = 39,3
s

o resn (resistance): resn = time - kfcn.
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