


equatorial phenomena
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more examples
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o survey of unique equatorial phenomena

o the geomagnetic field

o ionospheric electrodynamics

o dynamo theory

o prereversal enhancement, plasma shear; evening vortex
o equatorial F region, electrojet

o equatorial spread F

o topside, energetic electrons
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dipole magnetic field

m-r cosf
d)m == - r3 = — 7,2
B = Vg, = 2nosf, msnb, - 3m 7 -m
r r .
m 2\ 1/2
B = r_3(1+3008 9)
B,

hy = sin® /4, hg = 3 /8, he = rsinf

0=+v1+3cos?20




non-dipole contribution
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equatorial zone, twilight, moderate solar flux
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low-frequency equilibrium dynamics; force balance

0 =~ ¢(E+vsxB)—KpTVngs/ng — Zusnms(vs —u) + msg
n

vi—u = ps-(E+uxB)—Dy-Vns/ns+Ts-g

N E§_2B Vsp K ’Qs|
VSJ_ ~
u| Vsp > |Qs|

J = Z(%nsvs)

s

= o (E+uxB)-) ¢D, Vn,+E-g



low-frequency conductivity (anisotropic)

op OH
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conductivity profiles (twilight)

k
]
V)
o

|

140 —

120 —

100 —

I IIIHII| [ II\HH| ITIIHII| [ IIIHII| [ II\HH| I IIIHII| I IIIHII| [ II\HH| T TTTTm
1078 1077 107° 107° 107* 1073 1072 107" 10° 10’
Conductivity S/m

10/52



but what is E?: quasineutrality, polarization

J = Z(QSnsVs)

s

= o0-(E+uxB)— j{:‘QSI)s “Vns +E-g

statement of charge neutrality in a plasma:

polarization electric field:
E—-E,—Vo

Vi(e-V¢) = V-|o-(BotuxB)—) ¢D, - Vn,+E-g
S
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old plasma electrodynamics

o conductivity anisotropic
o parallel electric fields small
o magnetic field lines act like equipotentials

o electric fields from induced dipole moments arise to
preserve charge neutrality in presence of inhomogeneity

o local dynamics associated largely with these polarization
electric fields

o polarization fields, in turn, influenced by numerous drivers
(local and global)

o absent field-aligned currents, transverse (to B) currents
flow along conductivity isocontours
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dynamo theory (p,q,®) coordinate system

- ) ) 1 96

integrate along B between E-region conjugate points
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circuit analogy

uchBhpdp/RF + ucpEBhpdp/RE

av =

1/Rr +1/Rg
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S, super-rotation

(a) Jicamarca Vertical Drifts (m s™)
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shear flow

ExB/B2

ExB/B2
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easurements
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vertical drifts (daytime)

R: uppBhyd®

R, upEBh,d® S&
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ereversal enhancement
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prereversal enhancement

R. upeBhgd®

R. uprBhod®
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slab electrojet current model (daytime)
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Jicamarca magnetometer

Estacion : Jicamarca - Peru Comp. : H
Fecha : JUNIO 2002 Escala : 40 nT/Div
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numerical model: V-J =0

Altitude (km)

Altitude (km)

Altitude (km)

T
140+ 140+
\
120 o 120 o \
100 - 100 -
80 A — T 80 T
100-80 6.0 40 -20 00 20 40 60 80 100 5000 50100150
E (mV/m)
|
w4 |
|
7 \\
100 | -
80—
5.0 0.0 50 100150
3, (uA/m?)
; T
/ |
/ / 140+ \
/ |
1204 \
£ |
[ ! 100 \
80 T T U 80 41—
~100-80 -60 40 -20 00 20 40 60 80 100 -0 00 30
Dip Latitude (deg) 3, (ua/m?)

25 /52



Larsen, M. F., J. Geophys. Res., 107, 10.1029/2001JA000218, 2002.
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meteor trail winds
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with TIME-GCM winds (noon, twilight)
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electrojet plasma waves

T T T
2u10 21:18 21

20 2125
Local Time 2000,/04/24



heuristic description of FBGD instability (daytime)

Solution of V -J = 0 (equipotentials) for two-dimensional
depletion interrupting electrojet current.



heuristic description of instability (daytime)

depletion — enhancement



FBGD: linear, local, fluid dispersion relation

(9nj

ot + V- (njvj) =0

— seek plane wave solutions in small perturbations, linearizing
and using

Q% E C2
v, = L StV | Inn+4vet

Wi +Vin B iw; + vy
ExB QE  v,E|

Ve = "B T u.B Q. B
2
Ven ~9 se
QQC

2 _ - _ _
s = Vi EBTj/mj, Vin = Vin +iw, wi = w — ko, We = W — KkgVeo — Kk Va,
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FBGD: linear, local, fluid dispersion relation

ions:
. 0521, 2 Q’L 2 1
i+ ——k ok = = 0
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eory shortcomings

o Theory places peak electrojet current at 101 km altitude
whereas observations indicate 106-108 km.

o Theory underestimates wavelengths of dominant gradient
drift waves (particularly at night) and overestimates their
phase speeds (by about a factor of 2).

o Theory predicts that Farley Buneman waves should
propagate at the electron drift speed whereas experiment
shows that they propagate at about the ion acoustic speed
(marginal growth condition).

o Theory predicts horizontally propagating waves only
whereas radar detects waves propagating at all zenith
angles.

Most of the aforementioned behavior has been successfully
recoverd through numerical simulations incorporating nonlinear,
nonlocal, and anomalous effects.
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radar imagery

daytime nighttime



bistatic radar measurements

Paracas Jicamarca
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Paracas/ Jicamarca
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atter Faraday rotation

Local Time (hr)
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equatorial spread F
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radar imagery
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radar imagery
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heuristic gRT theory: 3D warm plasmas; plan view
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polarization ambipolar diffusion

Drake, J. F., and J. D. Huba, Phys. Rev. Lett., 58, 1987
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linear, local theory for collisional interchange instability

on;
atz—i-v'(nivi) =0
1 dn@ Zk¢ .
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instability driven by vertical currents

Preceding analysis considered effect of zonal currents only.
Vertical currents are also destabilizing. Plane wave solutions
propagating in vertical and zonal directions need to be
considered.

koky [ dghqop (us — vs) nclhp dd%

hph hah
ko [ dagstor + kg [ da=ytop

"}/:

In this case, dynamo inefficiency is crucial for instability!
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umerical simulation (less diamagnetic current)
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ages — high activity
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emperature and composition

o At low altitudes, composition controlled by local
photochemistry, temperture controlled by local heating and
cooling.

o At higher altitudes, material and heat transport (diffusion,
thermal diffusion) become important. Heat budget in
topside also affected by energetic electron transport.

o Main topside light-ion reactions are H™— O charge
exchange for hydrogen ions and photoionization/ radiative
recombination for helium ions.
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diffusive equilibrium (late afternoon)
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Excited " Secondary
Neutrals Photoelectrons lonization
~—_Quenching_—
Neutrals Thermal
Electrons

from Varney, Cornell Univ., 2012
Photoelectrons degraded by pitch-angle scattering, elastic, and
inelastic collisions as they propagate along B, preserve the 1st
adiabatic invariant, undergo trapping, and ultimately return to
the thermal electron population.
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uatorial aeronomy

o Dynamics arise from wind-driven ionospheric currents,
inhomogeneous, anisotropic conductivity, and the
requirement of quasineutrality. Interesting flow features
accompany regions with steep conductivity gradients.

o Most obvious features are the evening vortex in the F
region and the equatorial electrojet in the F region.

o Plasma instabilities arise when the flow around
conductivity irregularities is such as to deepen the
irregularities. The main instabilities are FBGD in the £
region and ESF in the F region.

o Topside composition not quite consistent with diffusive
equilibrium.
o Heat flows from photoelectrons to thermal electrons to ions

to neutrals. Energetic electron transport important around
dawn.
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