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Theoretical approach
Geophysical Inputs:

Neutral densities

Neutral wind

Neutral temperature
Solar flux

Energetic particle precipitation
Electron temperature
Ion temperature
Electric field

Magnetic field

GLOBAL IONOSPHERIC MODELING OF GEOMAGNETIC STORMS Slide 3
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T^>e MoJe,!
Geometry at Magnetic Equator Allows

Development ofthe Ravleigh-Tavlor Instability
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Seed Perturbation

Plasma (MHD) Analog to Classical Hydrodynamic Instability:
Heavy Fliiid over a light Fluid

%
Seed

Principal Characteristics:
1. Rising ^TBubble" ofDepleted Plasma,
2. Smaller-Scale Turbialeniee/Instabilities at Edges of

Bubble.

Entire Process called Eguatdrial Spread F Because of
Effects Observed by lonosondes.



The -Priveii

G-Rota/TH K^rt

Y '[hi -H^-ll>Vhk ( _)Vt L b« " ^J 1a
r t f /

Ail ®«/ Qu9k'ii^ie$

FAVoS^AM C&A^$m^4fS
^nTFaBffirrfl'WffTg'aTiwrmiTOttwaafc

S) df'iif' Sahset

S'tt^p df MiCkf

l) r©^

H) Seei w^k^-i)
\Jhf ^A\^OkAU^ C9Mtil7i9MS

Vfi t&wk wit-^



V
J

u
y

-
^

iJ
l

u
.

%
»

.-j
f

^

m
m

.

•••.>•:•

%



T
)

(D
o

Q
.

(D n (/
I

M
(D D o o D Q

.
c
n

C o
0

0

<
[

r
f

v
:

o
M

T
»

N
D

3
.

3
*

O (/
) 3

^

P
.

O
)

A
pe

x
A

lti
tu

de
[k

m
]

A
pe

x
A

lti
tu

de
[k

m
]

4
^

e
n

o
o

o
o

o
_

i
o

p
o

c
^

c
r

i
CD

o n -
Q —

h
O

a (D 3 52
.

U
i

A
pe

x
A

lti
tu

de
[k

m
]

0
0

o
o

o
o

o
o

o

3

c
#

-

B
±

i^
•*

^

A
pe

x
A

lti
tu

de
[k

m
]

0
1

C
O

o
o

o
o

o
o

o .•
O o

A
lti

tu
de

[k
m

]

h
O

>
o

o
o

o

O
)

0
0

o
o

o
o

o
o

o

.
^

i

-3
9

r

7>
?

^
^

L

O
\

l<
>

^
•

i
'

'
flc

A
\

X
-
D O C

D

|—
o

O r
f

c Q
.

(D
c
n

«
.?

•

n
i

?

A
pe

x
A

lti
tu

de
[k

m
]



Examls I

VU M
'Buoij'ihCtj P

vs Loci I CohJll-Lioiis

•hkz Aftey hei^iit -fot ati B5F PItikie?
" "f/njr "ti'ie }rii^s UH"ti/ /"t

i'is

FLL/XTUBE QUAA/TlTIES

Vo! =y\ A-ois V

Nj ~f -A Z/a^^
///wx ^

Apex Height [km'

Local EG?U4To/il/iL

h/e M FroF/L£

= -f(hJ

Cachoiera Paulista^O'
.90° ZA

Dip Latitude (°S)



COHPAt(l50Ji/S Ol^* L«Kil
"ube Mean and Equatorial Density

35001—' ' ' \ ^ ' ' Hi, M ' y"' ' I ^ ' ' ' i ' ' ^ ' I ' ' ^ ^

- \ ToPSIOEi "\\\ tube mean density for 100% H+
W -—- equotono^ensiW for 100% H+ ~1\|-J, e^uotono^ens^ for 100% 0+

H
tube mean density for 100% 0+2500 - \0*/Ly \\ —

> -

3000

2500

tube mean density for 100% H+

- —- equotona^ensiW for 100% H+

eouotono^ens^ for 100% 0+

tube mean density for 100% 0+

X'
i; 2000

1500

1000

500

0 +

LOCAL

Bqi^AToRIAL

Log (N) [cm ^
IBt^oXANcy Point Calculations U E.£esm+S.
F^lli "fot O* (AtiJttUit «i t! AT "



ExAnne: FLoYToBB-lA/TP^Am BfFecr ou S-^omn iirB

T^ft ^+iJoili4y o-f ^owoyWiC. flasMK
«»

^4Um t . Tkfc ^rowHi
*. Jailtf u ^Iwtte Vj^.'

y - S C.!'""***
^ 0"et€

I • '

^ • locj^ piAcY*tv\ covU.tu.V»vt^
' V. -('•%** - it - ii V'A"#w4 ^"j. —9r

mkU. ca.«sc 'tWi e^UA.'̂ vU I
-V® V«- •Wnly ^kUW ?

WW-V cohU- ^iv/fc K5 v»€;5«^+iwft fftiw?



FluytuicXh'iifti'ltJ Pffee"t OH 6'l-oi¥'il^ Kj'ic

Effect iltl

CohjieihC'C^ HOl^cs yfl'/'s/nj
downlyitJ "t-o loss —
hipl&Cciln- iPiiS — '
Li lit-' e.-ffe.c't'

Stil>iliie Oh.
Jown w'ti\<l e-nd

Meniiou/ y^\ J! %
Waves jilishi. Hjik/itJ

lesj . less
Ve.s'i^ 'lie Oh
u^vv/fii e-»v</.

sptAvn

He '̂vxiai^Wvc S^yyvWit-^^

* M/\>iw«L \4'<relp c^ysAs

EHtd*£

Uvi "uj^v4»^in6t

U^ IB

d

'cto>VWWftY(P? '

Cc^ft i112.J

U^ 1 t
nimiMJUiM^Lnn

«si ^

( (

^xltsifl ^ Hu.ls



0 i^eliwrr 0^ (--g^ ^KWcK
^ tw, vv\5VH\v»i« c^(t<Hrl4l Uwe^f u«y« :

^) TW <Vv\^4 w9«^vi€Vic
rUuces -l-We

'tAkt C cf^ect-)
a) TV ly.rtA- e^cb-t- d^-H* yumi*

«V>\^W f I«1«« AtHvw +V«. v»»f ^V»1^
Msaiua; ^We

itev^oj^vvte^ ^^yciJt p ««
(Nt'*!' c^^€c:V)

♦ Fo^r «. Tert,\i-6Vic iftwe^^Were. ftyv,lL
^<t ^ wverlfittowAl •

V/e v»t«it lesi 4-Uv, ^ i^oo
of plASw,^ ^lov,^ fiUl Imes

s-Vt-WiUi^e -VUe ftvcVire e^k«.4»>pl«>.\ lowOffUMxri. I!
' ,1

♦ TK. i. u«.A,- 5^Uil,y
N.»hHt«- HKwert«.l yH»lH, the
f»>n^ ywB** (tfiiwidVieaHy .'



Flu/tuBB'JjifTes-ATEQ Issiies I
Of Seei yiicH

w/iu« w'dk fkst // S

—Cipl SiAhSft Jctl^ihAx>\^ //B C^S^ttij'F Sc^jok**)
l^unclf U/i.u<s J

'—'CiH SttJ. 4*6 i^tci-fic iHttiJiiki ^
^Fot" "tute.- COM"^eH,*6^

e '̂tihe e^ui'hothl Xc>M<?5^We. is Bothot^sijt.
—WAj't dti-^tUiihts 'it»?
—Wki'h MJJfiMiKM ^

#WWe. I.S "tlje. okstmiiohil "fot
"tilt ^/cM.'th*/ ci'fft'b' oi\ ^

®Do HTM 3f/rrt £5/^?
"Pocs i.'f'ftc'h BS^ P
'Role o*f dt'iiuii^ ih

Ic?n/ hii'if^Je, F- \rt^iou\ P



i . ^i*(i|it» £5^ 5e)i«« 4*f 4 }9nji'i^th
(ci)B^F OH$9i 4h*>, t9-eHLT-^0 «j ©

(lifSM4//«i sioW ©"tW •* OfCUfS «A#^#Wl
ywief *4»<«ie4. /

*^Sio^N4 Bs^ ?
(b)£5f oniei fH%. ti^OiLT-^»o 4,

S*toM«»j C4ir«f

:. £5f Se^sefu$ " ^^#Ve«»

^ St^r&is ca«t«« ^
e

iSP C0MJl^Mi9M 7o $fACi U/^4Wi^

^SkhlJhj^Ot/€t* SknfJta^ ef

l/jp SeeJ
yr
h^T

ft

5: J



Large electric field (plasma drift) perturbations are often x
observed at the equator during disturbed conditions
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The average equatorial drifts during geomagnetically quiet
and disturbed conditions are essentially identic^ !
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FINAL THOUGHTS
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