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Thc ionospheric responsc to magnctic storms rs studied during thc -ascending
branch of solar cyólc in thc South Atlantic Gcomagnetic Anomaly !egion
(SAGAR). It is seðn that a positivc phasc sets in aftcr about 12 hours after the
Storm sudden commoncemeñt (SSC) and pcrsists for about 72 hours thereafter.
Thc cffectivc neutral winds arc strongly cquatorwards during the main and early
recovcry phase and appear to bc due to particle prccipitation into the region.

Kcy rvords: Winds in ionospherc; South Atlantic anomaly region; Magnetic storms.

RESPOSTA DA IONOSF'ERA ÀS PERTURBAÇOES MAGNÉTICAS NA RE-
crÃO DA ANOMALIA GtrOMAGNÉTICA DO ATLÂNTICO SUL -,4 resposta
cla ionosferã para perÍurbações magnëticas na região da Anomalia
Geomagiética clo Atlântico Sul é esludada durante o período ascendente do
ciclo srllar. Umafase positiva é estabelecida l2 horas apos um Início Stibito de
'I'empestade.t l.çSO e-persisle por cerca,de 72 horas.dep.ois. Os venlos neutrais
mericJionais são fortômente direcionados ao equador dttranÍe as fases princi-
pal e de recupeiação e parecem ser uma conseqüência da precipitação das
partictrlas carregadas na região.

Palavras-ch Lvc: Venlos na ionosfera; Il.egião da Anomalia do Atlântico Sul.
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INTRODUCTION

Thc rcsponsc of ionosphcric F laycf to gcomagnctic
storms has bccn studicd for dccadcs. Thc ionosondc data at
various sitcs havc bccn uscd, Iirst to study thc rcgional
cffccts, and thcn thc combincd data havc bccn uscd to clicit
global rcsponsc. Bascd on thcsc data, thcorctical modcls
havc becn constructcd, rvhicl'r r.vcrc fcd back to study local
cffccts again. Evcn with all thcsc cfforts, thc F rcgion
responsc to gcomagnctic storms is still not fully undcrstood.
Thc prcscnt papcr is yct anothcr attcmpt to study thc F rcgion
rcsponse to gcomagnctic storms in thc gcomagnctic anomaly
rcgion using ionosondc data in vicrv of thc thcrmosphcric
modcls.

It is rvcll knolvn that an initial positivc phasc of
gcomagnctic activity lasting for about 6 hours aftcr a Storm
Sudden Commcnccmcnt (SSC), in gencral, givcs rvay to a
ncgativc phasc lvith a rcturn to undisturbcd clcctron
conccntration lcvel during a recovcry pcriod covcring 2 to
3 days. (Millcr ctal., 1979). Frank & Ackcrson (1971) havc
sholvn that gcomagnctic storms arc accompanicd by
incrcascd prccipitation ofcncrgctic particlcs into thc auroral
atmosphcrc. Lautcr & Knuth (196i) camc to similar
conclusions at middlc and low latitudcs and Abdu ct al.
(1981) for thc gcomagnctic anomaly rcgion. Thc rclation
bctwcen prolongcd gcomagnctic disturbanccs ancl cnhanccd
global hcating cffccts within thc ncutral thcrmosphcre rvcrc
studicd by Blamont & Luton ( I 972) . Thc thcorctical modcls
of Rishbeth ct al. (197tì) and Fcjcr cr al. (1979) havc
cmphasizcd thc rolc of E X B drifts, ncutral winds and
plasma flux in thc F rcgion in rcsponsc to SSCs and thc
coupling of thermosphcrc-ionosphcrc systcm, Fullcr-Rowcll
& Rees (1981) havc shown thc important conscqucnccs of
high latitudc encrgy and momcntum inputovcr global wind
and tempcraturc distribution following a modcratcly strong
gcomagnctic storm. Mayr & Volland (1972, l9'Ì3)
developed modcls of thc cvolution of thcrmosphcric mcri-
dional neutral winds, tcmpcrature and ncutral composition
due to thermospheric heating induccd by precipitation of
high energy particlcs at high latitudcs.

In the prcscnt papcr, thc rcsponsc of ionosphcric F
region to a magnctic storm is studicd during thc main and
recovery phascs in the South Atlantic Gcomagnctic
Anomaly Region (SAGAR) along with thc dynamics of the
predominant neutral atmosphcre at thc time. An attempt is
made to understand thc phenomcnon as duc to thc
precipitation of particlcs in the region.

OBSERVATIONS

In thc prcscnt papcr, thc gcomagnctic storm of July
25, 1981, during thc asccnding branch of solar cyclc is
studicd utilizing thc ionosphcric data availablc from thc
ionosondc situatcd at Blumcnau, Brazil,almost at thc centcr
of SAGAR (Thc gcographic coordinatcs arc -26.3o latitudc
and -48.9" longitudc, dipolc latitudc -16.31"). Thc h,"*values,
calculatcd using Dudcncy's formula (Dudcney,l9g3), and
foF2 valucs arc uscd in thc study. No truc hcights wcrc
calculatcd. Thc lirst suddcn commenccmcnt occurrcd at
05: 14 UT and a sccond SSC rvas rcgistcrcd at l3:22 UT on
thc samc day (though this was rcgistcrcd at only a fcrv
obscrvatorics). Thc sum of Kp indcx rcachcd 53 with an

Ap valuc of 134 on that day. Thc storm cndcd ncar 1.g00
UT on 26th, but thc storm cffccts wcrc sccn on 27th also.
Only on luly 29 thc indiccs bccamc normal, though thc Dst
did not bccomc cqual to that of normal day by that timc.
Bcforc thc start of thc SSCs, Iuly 22 and23 prcsentcd also
high gcomagnctic indiccs ( with SKp indcx 2tì' and 34-,
rcspcctivcly) as a conscqucncc ofan carlicr magnctic storm
on 23rd at 06:46 UT,

In Fig. I thc foF2 valucs arc plottcd along with thc
hourly mcdians of thc livc quict days and thc Dst valucs
(dividcd by l0). Till abour l4:00 LT on 24rh rhc foF2
accompanicd thc mcdium quict day valucs, thcrcaftcr
showing an incrcasc in thc maximum clcctron density till
about 02:00 LT on 25th. This incrcasc is probably duc to
thc carlicr storm on 23rd. On 23rd, thc SSC commenccd
at 06:45 UT and rvas obscrvcd at many placcs. Thc
intcnsity was slightly lcss comparcd to the SSC on 25th,
but thc cffccts ofthis storm also could bc sccn in thc figu-
rc, morc clcarly bcforc thc onsct of thc SSC on 25th.
Immcdiatcly aftcr thc SSC on 251h, a ncgativc phasc is
secn for about an hour. Though , as Spurling & Joncs
(1916) observcd at midJatitudcs, thc positivc and ncgativc
mcchanisms arc in compctition for thc first fcw hours after
thc storm commcnccment, a positivc phasc scts in finally
at about 20:00 LT on 25th, which lasts till about 05:00 LT
on 28th. Onc intcrcsting thing is thc occurrcnce of
oscillations in foF2 whcn thc dcnsity is maximum. Thc
oscillations arc morc intcnsc on thc first maximum aftcr
SSC, diminishing on subscqucnt maxima. The differencc
betwccn thc avcragc quict valuc and the disturbed value
reaches maximum aboú 24 hours after the SSC. Thc
positivc rcsponsc offoF2 lasts for morc than 72 hours aftcr
thc storm commenccmcnt.
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Figurc I - Disturbcd and quict timc foF2 r,alucs atBlumcnau

rvith Dst valucs (Local Timc LT : UT-3 hrs)

Figura I - I/alores de .þl/2 para pcríotkts pcrlurbaclos e

quietos e cle l)st, para a rcgião de lJlLtmcnau (Uora local

L7'- U7'-3hrs)

BLUMENAU

2',73

MERIDIONAL WINDS DURING THE STORM

Rishbcth ct al. (1978) showcd thc variation of h,*
rcsulting from changcs in thc mcridional wind to bc

approximatcly üncar for small winds undcr stcady statc

condition. In gcncral, thc dominant poleward wind in the

daytimc and equatorward wind at night havc thc cffcct of
lorvcring thc daytimc F2 laycr and raising thc nighttime

F2 laycr bcyond thc normal diurnal variation from
production, rccombination and diffusion. Miller ct al.

(l9ti6) and Forbcs ct al. (l9tl8) uscd thc h,u* values to

calculatc thc ncutral wind componcnt along the magnetic

lincs of forcc. An cffcctivc avcrage meridional wind
componcnt, calculatcd using thc method givcn by Forbes

ct al.(1988), for thc two most quiet days of July, l98l
(Fig. 3, thc ncgativc dircction givcs the equatorward winds)

sholvs thc winds prcdominantly polcward during day and

night lvith strong cquatorial winds only at carly morning

hours. Fig. 4, howcvcr, shows thc rvinds prcdominantly

cquatorward for daytimc as wcll as nighttimc during a

disturbcd pcriod. Thc strong cquatorward winds start wcll
bcforc thc first SSC on 25f,h (02:14 LT), but appcar to

corrclatc wclllvith thc high AE indcx which startcd carlicr

on 24th. Thc start of auroral activity carlicr than thc SSC

is a wcll known phcnomcnon (Mayaud,l980) and thc

cncrgy input during thc magnctic storm appcars to
accompany this activity. The strong cquatorward winds

arc sccn during thc first part of rccovcry phasc and

particularly rvhcn thc AE indcx is high.

BLU¡,,IENAU

HOUR IN LT

Figurc 3 - Avcragc effcctivc mcridional winds at Blumcnau

for two quict days, l0 and 15, July, 1981. (Local Timc LT
= UT-3 hrs.)

Fígura 3 - Média dos ventos meridionais efetivos em

Blumenau, para dois elias quielos, l0 e 15 de julho, l98l
(Hora local LT : UT-3hrs.)
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Figurc 2 - Disturbcd and quict timc h,,,o valucs at Blumcnau

rvith AE Indcx (Local Timc LT= UT- 3 hrs.)

Figurø 2 - l'ttlrtra.r clc h.^ para pcríodos perturhados c

quielos, e t¡ itttltcc.,lli, para a região de ßlutnenau (Horo

local L7' (/'l'- 3 hrs.)

Fig. 2 shows thc h,nu" valucs calculatcd by Dudcncy's

formula during thc storm timc and avcragc quict timc,

along with AE index (dividcd by l0). Thc corrcspondcncc

betwcen thc variations in AE index and h."* is cvidcnt in
thc figurc. Whcn thc AE indcx is maximum on 25th and

carly part of 26th, thc h,"*valuc is wcll above thc avcragc

quiet day valuc. Though thc h."* curve accompanics thc
AE curvc on othcr days as wcll, thc valuc is no morc

above the quict day valuc from latcr part ofJuly 26 till
22 hours LT on July 28. At this hour, a small increasc in
AE appears to havc provoked a surge in h-^, valuc.

292a26

r-40

a
Ë
ó
Oôz-

=J
z.
9-¿oo
æ.
t¡J

=
-80

BLUMENAU

foF2 disturbed

loF2 qui€t

Dst

, lil,

hñãt drstúrbêd

lìevista Brasileira de GeoJisica, VoL l3(3), l,995



214 Ionosplrcric lìcs¡rorrsc lo Magnctir: Stornts

00200

100

^-200g

o

-l 00

-1 00

o
X

FI
X
ut
o

=ut

e
E

U)
o
z

=

30

JUNE 6, 1981

JUNE 10, 1980

AUGUST 29, 1979

AUGUST 13,1979

Ê€
=
ø-Ê

z
=

BLUMENAU
JULY 19A''

Þst

27 28 29

DAY IN LT

Figurc 4 - Eflcctivc mcridional \\,inds ¿tt Blumcnau lor Julv
24 to July 29. l98l , along rvith Dst and AE Indcx. (Local
Timc LT: UT - 3 hrs.)

Fi¡¡ura 1 - It'enlos tneridionais e.fctittos cm lllunrcnau paro
21 a 29 de julho, 198 1, am conjuttkt cont l).st c ínclicc /li
(llora locol L'l' .., U'l'-3hrs.)

Fig. 5 sltows thc rvinds calculatcd during othcr
disturbcd pcriods at thc sanìc station, and Fig. 6 shorvs thc
rvinds calculatcd for thc disturbcd pcriod undcr study (July
25, l98l ), lor Cachocira Paulista (latitudc -22.700, longi-
tudc -45.20), anotlìcr Brazilian station at thc vcrgc of
SAGAR. For this station, thc hpF2 valucs obscn/cd lrom
thc ionograms r.vcrc uscd instcad of calculatcd ll,,,o, \,alucs,
as thc paramcters to utilizc in thc Dudcncy's formula rvcrc
not availablc.

DISCUSSION AND CONCLUSIONS

Thc rapid incrcasc in Dst indicatcs a rapid injcction
and cncrgization of particlcs into trappcd orbits in thc
magnctosphcrc. During magnctic stornìs a vcry largc
amount ofcncrgy containcd in thc ring currcnt duc to thcsc
trappcd particlcs is dcpositcd in thc thcrmosphcrc at middlc,
lorv and cquatorial latitudcs. Aftcr thc start of a magnctic
storm, Dst rccovcrs morc slorvly, indicating that thc ring
curront dics arvay lcss rapidly than thc polar disturbancc.
As shorvn abovc Lhc strong cquatonvard rvinds arc conlìncd
to thc main and carly rccovcry phasc. This may indicatc
that thc injcction ofcncrgctic particlcs and thc conscqucnt
pcrturbation is occurring mainly during this phasc. It is
also clcarly sccn, from Fig. 4 (and also from Fig. 5), that tlìc
strong cquatonvard winds arc also conlìncd to thc pcriod of
high AE variation, indicating that thc cncrg,y input varics
simultancously with thc Joulc hcating at highcr latitudcs, as

AE is an indcx of this high latitudc phcnomcnon. As it is

STARTI NG ON E DAY BEFORE SSC

l'igurc 5 - Elfcctivc mcridional rvinds at Blumcnau along
n ilh Dst and AE Indcx.

Fi¡¡ura 5 - l.'cttlr¡"' meridionois e.fe tivos em IJlunanau, e nt
cottjurtlo cottt l)sl e índicc lli.

assumcd that a minimum timc dclay cxists to transport hcat
from high latitudc Joulc hcating sourcc to lor.v latitudcs,
about 2.5 hours to thc cquator, thc simultancous variation
rvith thc AE indcx indicatcs a local cncrgy input. Tinslcy ct
al. (l9tìtl) madc optical mcasurcmcnts of pârticlc
prccipitation and tcmpcraturc during a magnctic storm using
3 91.4 nm cmission at Cachocira Paulisla, Brazil, and 630.4
nm Fabry-Pcrot obscrvations from pcru and camc to a si-
milar conclusion that thc prompt thcrmosphcric tcmpcraturc
cnhanccmcnt obscrvcd is consistcnt with thc conccpt of lo-
cal cncrgy dcposition and cannot bc idcntilicd as due to thc
transport of hcat from mid-latitudc ring currcnt sourcc or
thc high latitudc joulc hcating sourcc.

Sincc thc carly cxpcrimcnts by Russian satcllitcs, thc
South Atlantic Gcomagnctic Anomaly Rcgion (SAGAR)
has bccn rccognizcd as a major sink for trappcd clcctrons
of thc radiation bclts (Paulikas, 1975). Batista & Abdu
(1977) and Abdu ct al. ( I 98 I ) havc shorvn that lhc clcctron
prccipitation into D and E rcgions is a dominanf, proccss
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during the night aftcr a geomagnetic storm (Sce Pinto Jr. &
Gonzalcz ( I 989), for a review ofclcctron prccipitation into

SAGAR.) Scveral mcchanisms for thc prccipitation of
clectrons into thc lorvcr layers of thc rcgion havc bccn

proposcd including wavc-particlc intcractions
(Gonzalcz,l989, and Pinto Jr. & Gonzale4 1989, and

referenccs thcrcin). Particlcs of diffcrcnt cncrgics dcposit

most of thcir cncrgy at diffcrent lcvcls in thc ionosphcrc.

The electron energies most rclcvant for F rcgion hcights arc

in the rangc of2 keV, lvhercas thc cnergics in thc rangc of
2 to 40 kcV arc rclcvanl for thc E rcgion. Elcctrons rvith

energics grcatcr than 40 kcV losc thcir cncrgy in thc D

rcgion.

Though thc flux of electrons ofhighcr cnergics havc

been measured in many satcllitc cxperimcnts, not many

attempts havc bccn madc to mcasurc clectron fluxcs bclolv
40 keV. This is bccause thc high-cncrgy background
radiation makes it difficult to measurc the fluxcs and spcctra

of low energy particlcs with any dcgrcc of ccrtainty. Glcdhill
ct al. (1967) showcd a vcry signilicant corrclation betrvccn

the flux of elcctrons with cncrgics grcater than 40 kcV and

thc critical frequency ofthe F, laycr, fFr. Sincc clcctrons

with such high cncrgics havc littlc dircct cffcct on thc

atmospherc at F rcgion hcights, dcpositing thcir cncrgy

around the 85 km lcvcl in thc D region, thc conclation found

by thcm might imply that thc cncrgetic clcctrons wcrc

accompanicd by fluxes of lowcr energy particlcs which wcrc
rcsponsiblc for ionizing thc F- rcgion. Licu ct al. (1988),

using the electron spcctrometer on board Spacclab I in its
240-km altitude and 570 inclination circular orbit, havc

obtained a fl ux of about 2 x I 0a clcctrons cm -2 s'r Sr-r for the

| - 12.5 keV electron cnergy rangc near thc cquator and

outside the anomaly region. Licu ct. al. (1988) furthcr show

that the spectrum obeys an E-3 5 powcr law bctwcen 0.1 and

1 kcV. Gledhill & Hoffman (1981), however, using low
energy ion detector on the satellitc Atmosphcric Explorcr,
AE-C, found electrons in thc range of 0.2- to 26- keV in
the SAGAR, thc spcctrum bcing in thc form

J = 1.66 x 104 E-0.e6 cm-2 s-r sr.r kcv-r

Thus, it is seen that, though the experimental difliculties
precludes the observation of low energy eletrons at
ionospheric heights, the lower energy cnd spectrum is well
evidenced by other experiments and these low energy
electrons precipitate to F region heights during disturbed
conditions. These increased precipitatcd elcctrons, along
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Figure 6 - Effcctivc mcridional winds at Cachocira paulista

for July 24 to July 28, 1981, along rvith Dst and AE Indcx.
(Local Timc LT = UT - 3 hrs.)

Fígura 6 - Venlos merielionais efetivos ent Cachoeira
Paulisla, para 24 a 28 de julho, 1981, em conjunto com

valores de Dsl e índice AII (llora local L7'=- UT'-3hrs.)

with the incrcascd ionization induccd by othcr prccipitating
high cncrgy particlcs, in turn, will cnhancc thc ovcrall
clcctron dcnsity ofthc F rcgion to producc thc positivc effcct
sccn hcrc,

As mcntioned abovc and as can bc seen from Fig. l,
thc positivc responsc of ionosphcre (incrcascd clectron
density comparcd to avcragc quict timcvalue) starts around
22:00LT on 25th July, about l2 hours aftcr SSC, and lasts

for morc than threc days, indicating a dclaycd prccipitation
of thesc low cnergy elcctrons into higher regions.

Figs. 4 and 6 show that the cffcctivc winds calculated

arc of thc samc ordcr at Blumcnau and Cachocira Paulista.

Both stations arc within thc gcomagnctic anomaly rcgion
and may bc govcrncd by thc samc dynamical cffccts. Thc

diffcrencc which may exist (the winds at Blumenau appear

to be slightly strongcr during main and rccovery phase of
thc storm) may bc cithcr due to (i) diffcrcnt parameters

used in thc calculation or (ii) thc diffcrence in dip anglc.

The winds were obtained using the calculated values of h,o
at Blumenau and the observed values of hpF2 at Cachocira

Paulista. Batista ct al. (1991) havc shown that the F layer

peak heights calculated by thcse two methods, in general,

arc in good agreement during nighttime, though during

daytimc the hpF2 is always higher than the rcal peak height,

whereas h.* is sometimes above and sometimes below the

real height. This is becausc during nighttime, very few

undcrlying ionization is present in and below E region and
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both thc formulas for hpF2 and hmF2 rcprcscnt rvcll thc F2

laycr pcak hcight. On thc othcr hand, during thc daytimc,

whcn ionization is prcscnt in thc D and E rcgions, thc

Dudency formula (Dudcncy, 1983) takcs into account a

corrcction for thc rctardation by thc undcrlying ionization,

lowcring thc dcduccd hmF2 during day'timc and lctting thcm

unchangcd during nighttimc and thc formula for hpF2 docs

not takc this cffcct into account. Thc avcragc daily lvinds

for the pcriod undcr study, htly 24 to July 29, 198I, shorv

that (fìgurc not shown hcrc) thc rvinds at Blumcnau arc

slightly lowcr during daytimc, and slightly highcr during
night, comparcd to thosc at Cachocira Paulista. Ncglccting

thc influcncc duc to this cffcct, thc diffcrcnccs cncountcrcd,

if any, may bc duc to thc diffcrcncc in thc dip anglc of thc
[r,vo stations.

In conclusion, it can bc sccn that thc strong cquatonvard

rvind during gcomagnctic storms is a common phcnomcnon,

for at lcast rvintcr months (as thc study has bccn carricd out

only during July and August, thc r,vintcr months in thc

Southcrn Hcmisphcrc) in thc anomaly rcgion, and might bc

induccd by thc local cncrgy input in thc form of particlc
prccipitation into thc rcgion.
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K. R. Rao

RESPOSTA DA TONOSFERA ÀS pnnTURBAÇOnS
MAGNÉTICA NA REGIÃO DA ANOMALIA
GBOMAGNÉTICA DO ATLÂNTICO SUL

No presente trabalho, a resposta da região F às pertur-

bações magnéticas durante suas fases principais e de recu-
peração, na região da Anomalia Geomagnética do Atlânti-
co Sul, foi estudada juntamente com as condições dinâmi-
cas existentes na época, Em partícular, as perturbações

magnéticas de 25 de julho de 1981 foram estudadas utili-
zando os parâmetros ionosféricos disponíveis da ionossonda

de Blumenau, Brasil (latitude geogrëfrca-26,3", longitude -
48,9o e latitude dipolar¡-16,3 1"). Os valores de h,o*, calcula-
dos usando a fórmula/de Dudeney e os valores de f F,, fo-
ram utilizados. O primeiro início súbito (SSC) da perturba-

ção magnética ocorreu às 05:14 UT e um segundo às 13:22

UT do mesmo dia. As perturbações cessaram às l8:00 UT
do dia 26 de julho, mas os efeitos prosseguiram até o dia
27 . A Fig. 1. mostra os valores de {F, para períodos per-
turbados e calmos, junto com os valores Dst. Imediata-
mente após a SSC, é observada uma fase negativa por
cerca de uma hora. Ainda que os mecanismos que geram

as fases positiva e negativa continuem atuando por algu-
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mas horas após o SSC, finalmente às l7:00 UT de 25 de
julho, a fase positiva domina e se manifesta até às 02:00
UT de 28 de julho, agindo assim por mais de 70 horas

após o SSC. A Fig. 2 mostra a correspondência entre o

índice de AE e h,o*. Rishbeth et al. (1978) mostraram que a

variação d" h,u* inferida da variação do vento meridional é

linear para pequenas intensidades dos ventos em condições

estáveis, Miller et al. (1986) e Forbes et al. (1988) usaram

os valores de h.* para calcular a componente do vento neu-

tro ao longo das linhas de força magnética. O método, dado
por Forbes et al. (1988) é utilizado neste trabalho para cal-
cular os ventos meridionais durante dois dias calmos (Fig.

3) e 5 dias perturbados (Fig. a). Os ventos têm a direção

predominante para o pólo durante todo o dia e noite, e em

direção ao equador somente no início da manhã, para os

dias calmos. Nos dias perturbados, a direção predominante

é para o equador durante todo o dia e noite. O aumento

rápido no valor absoluto do lndice Dst indica a injeção rá-
pida e a energização das partículas presas nas órbitas Van
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Allen. Durante as perturbações magnéticas, uma grande

quantidade de energia, contida na corrente de anel, devido

a partículas presas, é depositada na termosfera em latitudes

médias, baixas e equatoriais. Depois do início da perturba-

ção, Dst recupera-se mais lentamente indicando que a cor-

rente de anel dirninui mais devagar do que a pefturbação

polar. O fato que os fortes ventos em direção ao equador

são confinados nas fases principal e de recuperação indica

que a injeção das partículas energéticas e a conseqüente

perturbação ocorrem principalmente durante estas fases. A
Fig. 4 indica que esses ventos fortes em direção ao equador

são confinados, também, durante períodos de altos valores

de AE, o que indica uma origem local para a energia

fornecida. A região da Anomalia Geomagnética do Atlânti-
co Sul é reconhecida como um sumidouro de partículas pre-

sas nos cinturões de radiação. Vários mecanismos foram

propostos para explicar a precipitação dos elétrons para as

camadas mais baixas da região (Pinto Jr. & Gonzalez, 1989).

A energia dos elétrons, relevante para a altitude da região

F, está na faixa de 2 keV, enquanto que a energia na faixa

de 2 a 40 keV é relevante para a região E. Elétrons com
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energia maior que 40 keV perdem sua energia na região D.

A pouca precisão na medida do fluxo de elétrons com ener-

gia abaixo de 40 keV deve-se à alta energia de fundo da

radiação. Porém, existem algumas observações esporádi-

cas de fluxo de partículas de baixa energia (Gledhill et al.,

1967; Gledhill& Hofman, 1981;Lieu et al., 1981). Estes

elétrons com baixa energia precipitam-se para a região F

durante as perturbações magnéticas. Estes elétrons, junto

com outros produzidos localmente pelas partículas de alta

energia, contribuem para aumentar a densidade da região F

e produzem um efeito positivo. O efeito positivo, que co-

meça 12 horas após a SSC e dura mais de três dias, indica

um efeito retardado da precipitação das partículas de baixa

energia nas altas regiões da ionosfera. A Fig. 6 mostra que

os ventos efetivos calculados são de mesma ordem tanto

em Blumenau quanto em Cachoeira Paulista. Ambas as es-

tações, estando localizadas na mesma região da Anomalia,

podem ser governadas pelos mesrnos mecanisrnos dinârni-

cos. As diferenças, se existem, são talvez devidas aos dife-
rentes parâmetros usados nos cálculos, ou por causa da in-

clinação magnética.
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