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Traditional Ml Coupling

B,-lines

“ What is the justification
for such a simple

: . Incident
lonospheric model?

and
Reflected

the lonospheric
“conductance” derived
from the electrostatic
assumption




ual Ml Coupling

% Lumped element models
are derived from wave
models by taking the long
wavelength limit.

s Solet’s fry...
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The usual wave dispersion relations involve inappropriate

approximations.

We need full inclusion of collisional effects to address
conductivity.

s it obviousg Nol

<
# We don’'t know the wavelengths of the propagating modes!
# We don’'t know the dissipation scale lengths!

<

We don't know the polarizations!




el i =i s Continue
Assuming Everything is

Good Derive/Solve
the Dispersion Relation

& )

# Actually, furns out we don't really need to
derive anything.

&% Modern computers allow exact computation. e

\ /




Just Find the Eigenvectors!

Two fluid equations
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Write as maftrix egn.

Fourier Transform and
Linearize

Get eigenvectors/values

S==s=esien)

The Alfven wave is the
lowest frequency: it
works down to DC, and
should take most of the
energy
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Results: Alfven Wave Penetration Depth

s Alfven wave packet
travels with group velocity

“ Multiply group velocity
by dissipation time scale

% Gives the dissipation
scale length

“ When dissipation scale

~_length is 10% of altitude




Parallel Wavelengths are short!

Ay (km) | Ay (km) | zg4is (km) .(km)
1 13.6 84.3 99
1 40.0 629.9 109
1 1648.4 78.1 119
10 13.8 84.6 99
10 29.7 5,062 109
10 80.3 2.5x10% 119
50 24.4 3.4 99
50 41.2 721.3 109
50 83.4 9.2x10% 119

Cosgrove, JGR, 2016

e
7 [ENTNON

International

N\ /a72722
SN ®




Derive input admittance to thin slab by
superposing incident and reflected waves

——Pedersen
real(full Pedersen!

h ° I l ;sr:gn ——imag(full Pederse%)
Thin E layer : T : TR

Zero conductivity below

=100 km

full Pedersen cond. (mhos/m), alt = 100 km

——Pedersen
———real(wave Pedersen)
——imag(wave Pedersen)

wave Pedersen cond. (mhos/m), alt

wavelength (m) wavelength (m)

Wave
Pedersen




AMISR

o-density contour @ 4x10!!
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Alfven wave theory in the ionosphere does not
reduce to electrostatics:

< Short wavelengths compared to E-F spacing.
< Dissipation scale length doesn’t match.
< Pedersen conductivity strongly effected.

Efficient mode coupling between Alfven and Whistler
waves is required to salvage E field mapping at long
wavelengths.

At the Arc scale (and smaller) there seems no way o
recover Electrostatics. Looks like Wrong Assumpftion!

Joint AMISR-Magnetotelluric data analysis will shed
some light.
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Comparison 1o Opiicdl Arc
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Negative divergence at
position of optical arc
= precipitating electrons!







