Solar Wind : Filamentation, Currents, Magnetic Fluctuations
@ 1AU

pt, e : v, ~500.km/s E,. ~13keV
n, ~ 10248 [#/Mm?] E._ ~10.eV
Flux Ty ~10%42 [#/s-Mm?]

Magnetic Signatures :
1) B, —B,, Correlation @ Solar fr,; (T =27.3 days)
-- suggested 45° spiral @ 1AU
--- Highly variable : 1% - 40% (avg 12%) of B2 Energy

y

--- Removing single fg,: component eliminates Correlation
--- From North-South Current, driven by N-S charge imbalance

2) B, (t) vs B,(t) “Arcs” : Distinctive, ubiquitous dynamical signature
--- Well-modelled by filamentary radial currents

3) Spectral Energy Deposition : 1 - 10% uHz
--- Granulation of sources on Sun
--- Dynamical development of filamentary currents

4) Spectrum appears Random above 104 puHz ( t < 100.sec)

5) Bgys o< I',,07> over1-5AU.

DPP-2D19

Measurements :

--ACE @ .99AU

-~ Ulysses @ 1 -5 AU

-- Mariner @ 0.3 -1 AU
-- Solar Probe (pending)
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Stellar Hydro Eqns: mass  charge photons

-+
I"I"li:J mg e p 'y

1 Vz‘P(r) = G my,n,(r) Gravity

d .
2 Velgy(r) = d—E(r) Energy Generation

4
3 —i-(aT‘i) Ty = il'" Thermal Diffusion

dTl 4 c 7

4a [n,T] +n,m, ¥ +(+e)n,® =0 Proton Fluid

’ FST ’ ’r_
4b [nT] - l +np, Y +(—e)nd = 0 Electron Fluid

clye
’ FE}’ ’
da+4b [2n)T] — + nm,¥Y" =0 Hydro Forces
c lyg
4a—4b Ley + m,¥ + (2e)® = 0 Electric Field

Clyen



MHD Assumptions :

V-E, = 47:9{ 0

VeB, = 4npy = 0 (optional)
4 o)

cVXE, = —B | photons

CVXB = B 4E,+4nl,+4m),
\ /. ancel

F :/p/E + (715+Jf)><8/c
% = 0

Vel = 4::% =

Dissipation
2
V, =nv (—‘;—)2 InA

m A‘\fe; Ve:' = EEQ

( momentum )

2
0 =—= (10“s1) T3
myv,
Hydro: v,/ = T\,0\

No Charges
No ElecPotEgy

didactic :

No ThermoElec E,

No GraviElec Vxq By 1=0
No Capacitance o

No Causality

(Simultaneous)

No E//B
Yes: Inductance

(0]

= oo (Ideal)
7? Moving B-lines live forever
7?7 B-lines "Frozen-Into" Plasma
7?7 Plasma "Stuck on" B-lines

7? Particle Streamline = B-line

Magnetic: o/ =T./,v,; \ * Contradictory

Longitudinal, Transverse



MHD Assumptions :

One-fluid MHD describes a mathematical Fluid with Mass, but no Charge p, ,
which can nevertheless contains a disembodied (transverse) Current J;,
which creates the (transverse) Magnetic Field B, ,

which then pushes on the Current and Mass .

Connection to the physics of Maxwell-Lorentz is tenuous at best.

Eliminating Charge eliminates the longitudinal Electric Field Ey and Potential @,

as well as the Current J, from the motion of charges.

This eliminates all Electrostatic Potential Energy, as well as all Thermo-Electric and Gravi-Electric effects,
and the eliminates the dynamics of Capacitance from charge position.

The much-discussed “No E parallel to B” follows from this mutilation of Maxwell-Lorentz.

The subtle “time-scale” assumption that E} is negligible eliminates Photons, Time-retardation, and
Causality, enabling “tractable,” instantaneous solutions everywhere, given “knowledge” of J;, everywhere.
Nature’s ubiquitous entropic Dissipation was “Ideally” eliminated in the transition from particles to fluid,
and assuming J; to be dissipation-less enables B-field “lines” to “live forever”, while “frozen-into” the
fluid which is “stuck-on” the lines themselves.

For validity, MHD should require strong local particle collisionality to justify the fluid approximation,
and weak current resistivity to justify the “ideal” assumptions.

However, plasma-particle resistivity p, and collisionality v, vary oppositely with plasma temperature;
and p, depends only on temperature T and the fundamental (particle) constant 7. .

These contradictory physical requirements make “the MHD regime” somewhat ill-defined.



Fluctuating B-fields measured by Spacecraft are generated by
Filamentary Currents in the outward-flowing Solar Wind;

NOT BY the Chimera of a Rotating Dipolized Monopole Magnetic Spiral

Voyager, 100.AU
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