Equatorial Aeronomy from a Radar Perspective

D. L. Hysell

Earth and Atmospheric Sciences, Cornell University

May 29, 2010




Jicamarca Radio Observatory




gallery

N e

Atitude [km]

Atitude [km]

Range (km)

Mean SNR (dB)

i

3000

2000

Aitude [km]

158.5
Time [L1]

658 659 TO0 TOL 702 T03 TO4 T05 106 TOT TS 709 T0 AL Tz T
Local Time
Day? 18-Nov-2001

)

Altitude (km!

T T
2110

s @)

15 2z 2tz
Local Time 2000/04/24

T T T T T
18145 18550 18555 19:00 1905
Local Time 2003/11/19

10 E]
[N



0
L
o
i

<

75 300
|
1 |
170 / 1
165 - 1 a0
] |
—~ 160 ;

g
;

g
I

Altitude (km!

3
!

10— = T T T T 20 T T T T T T
120 woo  isis  wan isds Laits w20 ims0 @00 mm  zose ooz
Local Time 2000/04/27 Local Time 2004/03/23
Y o O ]
o e
TULIA BT Plot on October 01, 2002
a0
1 g
00| £
s
a00-| / .
2 1
g .
] * T
? &
E <
z 4.
1 4 3%
2004 4 - 2
200-| -
8-
1004 - i - -
: v T . T T
2000 2080 o1l 2130 2200 2250
Local Time 2004/02/23 et it — ;
) 2 2 2
Hours 17

10 20
s @




outline

Survey of unique phenomena
The geomagnetic field
lonospheric composition
Thermal structure
Conductivity

Dielectric properties
Electrodynamics

Equatorial electrojet
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Equatorial ionospheric plasma instabilities
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geomagnetic field (dipole part)
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ionospheric composition
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F layer, 1752 LT

ROJ Full Profile: Mon Nov 24 17:43:23 2008 Mon Nov 24 17:52:26 2008
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F layer, 1845 LT

o ROJ Full Profile: Mon Nov 24 18:31:34 2008 Mon Nov 24 18:45:23 2008
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From Pfaff, J. Atmos. Terr. Phys., 53, 709, 1991 and Prakash et
al., Indian J. Radio Space Phys., 72, 1, 1972.
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ROJ Full Profile: Wed May 7 13:37:48 2008 Wed May 7 13:46:29 2008
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diffusive equilibrium
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hoto- thermal :

y , p ,

electrons ™| eectrons >l fons neutrals
N(2D) Coulomb Induded dip., O fine structure
quenching collisions charge ex. N, vibrational

Quasi equilibrium
Local heating & cooling + photoelectron transport,
conduction

(]

Rates are energy/velocity dependent

(]

Cooling via elastic and inelastic collisions

(]

Need to specify solar flux spectrum, absorbtion and ionization
cross sections
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ROJ Full Profile: Wed May 7 06:21:47 2008 Wed May 7 06:34:50 2008
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temperature, composition, collisionality
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plasma as conductor
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profiles (twilig
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plasma as dielectric

f I _Cc> cr—co®
S 7 e
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plasma as a dynamo

E¢h¢f0’Hhﬁdﬁ I(O'PU¢+O'HUQ) Bh(bhgdﬁ-i-dl/d(f)

he fap Ldp
J¢ = E¢O‘p—|—EaO‘H = E¢0‘C
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dynamical consequences

Dawn-dusk electric field
Super-rotation

Prereversal enhancement

Fountain effect, equatorial anomaly
Stratospheric warming effects

Bottomside shear, evening vortex

e ¢ ¢ 6 ¢ ¢ ¢

Equatorial electrojet
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plasma drifts

(a) Jicamarca Vertical Drifts (m s™)
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stratospheric warming
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equatorial ionization anomaly
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evening vortex
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equatorial elect
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Jicamarca magnetometer

Estacion : Jicamarca - Peru Comp. : H
Fecha ¢ JUNIO 2002 Escala : 40 nTI/Div

Z 3
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meteor trail winds
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equatorial chemical releases
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wind effects (noon)
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electrojet plasma waves
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daytime nighttime



FBGD instability

on>0 on<0 on>0
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dispersion relation

k- (Vge — Vai)
= k- Vg
R (TS | R0 B
_ Q/)/V,' 2 2 ~2 ko
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1 m echoes; solar flare

MST-ISR SNR+1 map West beam
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150 km echo spectra
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Normalized spectrum

Normalized spectrum

(b) Perpendicular [Data & Theory]
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equatorial spread F

Wed Aug 11 10:09:04 2004
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interchange instability

on>0 3 on<0 3 on>0
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interchange instability

v vnk? (g E Vin
Y= \/4+ Lk2 <'+B_U2>R_V1nkD _7

Xr
E+XF

@ Finite L correction; fastest growing modes ~ 1 km
@ Shear flow, transient waves ~ 30 km, steady-state ~ 200 km

@ Seeding (gravity waves)
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numerical simulatio




daytime spread F
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