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Dynamical evolution toward electrostatic
equilibrium (or not) happens through waves.
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Electrical Engineering Basics, Transmission Line
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Gedankenexperiment: Slab lonosphere
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Electromagnetic 5-Moment Fluid Equations, Matrix Form:

Hg =i
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arbit

Nonlinear terms we will drop,
like electrostatic theory.

* momentum equations
* continuity equations

* energy equations
 Maxwell equations

* electrons and ions

rary coefficients )
eigenvectors
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Exact Initial-Value Solution.
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Polarization Vectors

Whistler

Ver Vey Vez Vie Viy Vie Ex Ey E. ¢dByc6Byc6B, 6N, ON; 6P, 0P;

Alfven I I

Vez Vey Ver Vie Viy Vi: Ey E, E. ¢6B,c0BycdB; 6N, 6N; 6P. P,

lon

Vee Vey Ver Vie Viy Vie Er Ey E. ¢0B,c6BycdB, 6N, 6N; 6P, OF;

Thermal '

Q—.—.—.—.—.—.—.—.—.—.—.—I—I—

| !

‘/ez ‘/ey Ves ‘/lz ‘/iy Viz Ez Ey Ez C&BIC(SByClsBZ (5Ne (le 5Pe 5Pz

CEDAR 2023

Stack Slabs and Use Two Wave Modes

16 equations
gives 8 potential
waves.

The X-mode, O-
mode and Z-mode
waves are too
high in frequency.
There is also a
non-propagating
pair.

That leaves 4
waves.

Only the Whistler
and Alfven can
travel more than
10 km.

Whistler is cutoff
in F region.

Cosgrove SRI

r Yin (W, k1)

altitude

Transmission Line
Network Model

Match across

the boundaries.
Bootstrap from
the last section.

Approximations:

Keep only the Alfven
and Whistler terms.
Usual interpretation of
a propagating wave
packet.

Model ionosphere as
stack of thin
homogeneous slabs.
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Validation and Three Types of Wavelike Effects

Exact reproduction of
electrostatic theory

J/Div Input Admittance versus Look Altitude
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lonospheric conductance versus
altitude compared to electrostatic.

Mapping of E-field (blue) and

B-field (green).

E-field contributions from Alfven (blue)
and Whistler (green) modes.

Alignment of Alfven and Whistler
modes. There is a near degeneracy!
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With the Real Waves get Unexpected,

J/Div Input Admittance versus Look Altitude
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lonospheric conductance
versus altitude compared to
electrostatic.
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versus altitude compared to
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4.7 x 109m=3
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New Physical Predictions!

Yin for 100km Wavelength (normalized to Electrostatic)
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Yin at 400km Altitude (normalized to Electrostatic)
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(arbitray units)
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Analyzing the Field Line from Tonga to ICON
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Vyire = 40 m/s, all figures

Bx (field aligned current)

50000 A
40000 A
3
= 30000 A
3
>
S
5 20000
g
10000 4
04 —— Bx_south
—— Bx_north
100 200 300 400 500
altitude (km)
Bx (field aligned current)
20000 A
7 15000 -
5
>
S
310000 A
S
5000 A
—— Bx_south
—— Bx_north
100 200 300 400 500

altitude (km)
Cosgrove SRI

(arbitray units)

(arbitray units)

Average Downward EyBx Poynting Flux

75 A

50 A

25 1

0_

—2541

—50

—75 1

—— south
—— north

100

200 300 400 500
altitude (km)

Average Downward EyBx Poynting Flux

—10 A

—15 -

—— south
—— north

100

200 300 400 500
altitude (km)

1000km
wavelength

2000km
wavelength

Slide 8



Conclusions

ﬂhe model would predict electrostatic theory if the
waves had the “right” properties.

e But the real, collisional ionospheric waves do not
have these properties.

e The results are of a fundamental nature and affect
many things.

* e.g.: (1) aresonance is possible between the E and
F regions; (2) E field cutoff, greatly reducing 2.

* This is a very standard physics calculation. It is just
something that has been neglected. /
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