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lnnosphcric plasnrn irreguluri ties ossociutcd with nighllimc equatorial sprcnd-F phcnomcnn huve been lhe 
subjcet nf in tcnsive expcr1111c111ul and thcorctical invcstigntions during reeent yenrs. ! .urge sculc plnsmu 
dcplctions, rcfcrrcd ln us trnnscquutoriul bubblcs or plumcs, continue ln utl rnel consideruble ultention. 
Thc studics nfionosphcrc plusmu 1rrogularit1cs 11ssu111c grcnt 1111por11111cc, becuusc lhe 1rr·egulori11cs dcg1n• 
<le lhe rud10 wuvc signnls pussing thrnugh the rcgion 1111d, 1hcrcforc, hovc considcrnblo inllucncc 011 thc 
1011osphcric/t1 1111 s•ionosphcric rudio wnvc cn1111111111ic111inns. rl1c F-rc1111in nigh tglow cmissions nrising 
l'rom IClnosphcric rccombinution processes con bc 11scd lll rcmotcly observo lhe clynamics oftrunscquotnnnl 
1011osphcric plosmo bnbbles und smullcr sculc plusmn ii rcguluritics. ln a colluborntivc proJcct bctwcen the 
Center for Sr.11ee l'hysics. 13oston Univcrsity, USA, nnd thc N111io1111I lnslilutc for Spuce Reseurch (INl'F.), 
IJl'Ul.11, un ui -sky imnging systcm wus pul in 11pcruti1111111 Cuehoci1u 1'11ulisto (22.7°S, 45.0° IV, <lip latitude 
15.8° S), in Murch 1987. This widc nnglc imaijing 1cchniq11e pmvidcs un uniquc cupubility oi' pcrmilting 
obscrvulions ovcr rcgions covcring scvcrul 1111llio11 sq11nrc kilomctcrs frnm u singlc obscrving stotion. 
i\lso. regular 111cosurc111c11ts or sevcrul nightglow e111issions und ionosphcric sounding urc carricd out ot 
Cnchoeirn J>1111lis1a nnd Fortalc,rn (3.9° S. 38.4º IV, dip lutituclc 3.7• S), /\ VI IF clcetrnnie pnlnrimeter wus 
111 opcrution 11l Cuchociru l'uulistu. This clustcring ofobscrvotionol focilit ics in thc Brni iliun sector pmvided 
coincident nnd co111plc111cntury obscrvutions nf v11no11s 11ppcr 11l111nspheric pnrumelcrs. ln this pupcr wc 
prcscnt and discuss some lcuturcs nf the OI 6'.lO.0 11111 e1111ssio11 ull-sky in1uging obscrvntions cn1 r1cd 0 111 
during thc pcriod 1987-19!!9, The 1r1111seq1111toriul ionospheric plusmu buhblcs 1111111ifcs1 in ull-sky opticol 
imnging observ111ions us neurly north-south oligncd intcnsi ty-dcplctcd rcgions. Thc ob~crvcd scnsonul 
voriation of1he nirglmv depletinns shows u 111uxi11111111 du1ing lhe su111mc1 months anel vi1tuully no oirglow 
depletions dunng thc w1111cr 1110111hs. Thc cose studics prcscntcd show diffcrcnl fonns of gcnerntion nnd 
dcvclop1nc111 phuscs of uirglnw dcplctinns d11ring thc co11rsc nf II nighl. The 11ll-sky imuges nlso pcrmi11cd 
lhe dctcrn1i11ullú11 of thc nltitudc-latitudc cxtcnt nf lhe pl11s11111 depletcd rcgions nnd some rcsults ure 
prcscntcd. li hns becn obscrvcd 1h111 lhe ultit11des reuched by thc plusmu dcplctcd f111 x tubos ovcr thc 
11111gnctic cq1111tor in lhe l1ru1ihun sector ul\en cxcccd 2500 km 

lúy wor.t;: l011osphcric plílsma; lonosphcric bubhlc~; i\1111usphcric nirglow; Opticol i11111ging; OI 6~0.0 11111 cmi5sio11, 

onst-:RV/\(()1,;s m: IWl' J.l•:c; ()i,:s NO l'J.ASI\IA IONOS l•' l::mc:o IJSANUO IMi\Gl•:i\MENTO l)i\ 
LIJI\ IINl•:sd\NC'IA 1\Ti\lOSFJ;;JUCA l•:i\ l OI 630,0 11111 - lm•p,11/oridade.v 110 pia.mm io110.'íférico as.meladas 
C0//1 o /e11eillll'IIO 110111rno dt• e.vpal/1mm·11to-l· t•q11atorial têm sitio ri·c1·11te111c·11tu objeto tia /11/e11.ms 1·.1·/1ttlo.1· 
t•,rpt•rillll'll/ms t' teóri,·os l)c•pli!ç<ie.1· dt• plt1.1ma ,,,,, p,rm,d,• t•scala, rn11hucidm co11111 bollms tm11.rnq11lllorillls 
011 p/11111(ls, m 11ti11111111111111mir alc11ç{lo cons/d,.rávcl. Os es111dos clt•s111.1· lnvg11/11r/c/11de.1· 110 p/as/1/a /011os/drlco 
.wio de gra11dc i111portd11cla pois ulas tlcgrac/11111 os J/1111/s de rmdttf de radio (fllt' atravessa/li a /011os/era e 
afetam m midcravcl,mmte as cm1111111cof.cJes w1111.'íféricas11ra11.1·io110.'ifi!rica.1-. As ,:111is.wi1:.1· de /11111/11e.vc{l11cia 
a/1110.ifclrico 110/uma da l'<!g111o ,,. ia110.fc rica, nw11/ta11/cs de pmrns.m.1· du ruco111bim1ç,7o /0110.eférlca, parml
lclll 11111 se11sm·1<1111e11to 1t•111oto da dilll1mica d1•sttL1· hollw.1· tra11.vt•q1111tor/a/s da plasma 1: de lrrl'}(lllarldmla.v 
d,• 11eq1w11a l'sca/a. A travé.1· til' 11111 pni}clo ele co/11boraçt10 <'llll'l! o Celllm dt• Ns/c'a l:'.1,mc/11/ da U11/l'<lrsld11-
d1: tle /Jo.1·to111• o /11st//11to Nac/01111/ de l'csq11/s11s /úpacla/s (INl'l:J, 11111 sl.1·1t•111a de lt11ai(er1111<•11to celeste e.llá 
sc11tlo opt•rmlo t•111 Cadiot•im /la11/i.1·ta (22, 7" S. -/5.()" W, /atillu/to dip 15,8" S) desdt' mnrço rlt· 1987 /;'.via 
1,b,Jca riu lmaR<'llllll'IIIO com amplo ri11g11/o tle vi.mdn pc11111/c ohsarvar regiões 11r, céu cohri11dr, v<Írir,s 
111/l/1<Jl',\' dt! q11ilâ111t!llri.v qundrrulm. Aludidas de várias rmlrfls umls.w'Jus mi/11111t1s e rrídios.w11d11gu11s 
/0110.rfilr/cm· .w7o ta111/Jt!1111l!g1tl11n1111111e co11d11:.Jdas em Cachoeiro /'011/Jsta e Fortaleza (3,9" S, 38,4" W, 
/at/1111'1• dip J, 7° S) . l/111 polar/111utro em I '/ W é tm11hé111 operodo de Cac/101'/ra l'a11//.1·111. /ú le co1!f111110 de 
cq11/pa111a11/o.\' 110 setor bmsl/ell'/I p<m11iti11 a oh.mrvaçtio s/11111/lrlm:a de várir,s pnrri111etro.1· lc1110.ifc!ricr,s, 
Ne.vtc 11rt/go .wio 11prose111ndas e disc11titl11.1· af!(1tlllas rnracterl.vtica.1· rias r,hservaçtJ('S de i111ap,ea111,mto da 
umlsst7o OI 630, () 11111 co11d11zido.1· 110 pl'rlmlo 1987- /989 As bo/1111.v lr1111scq11aloriaisde plas111t1111m1ifi•.wm11-
se 11as ob.wr1•aç{les de i111agc11111c11to ótico como rop,lcJe.1· dt• cll'pleçflo cm /11tcmld11du q1111.1·c 111/11/,adas 1111 
dlroç<7o 11ort('•.w1/ 111ag11illica. As var/11ç/Jes ,1'(1::.0110/,1• destas cl<iplt!ç/Ju.1· 11pru.ru11/w11111111111i.xl1110110s mu,ws úu 
wn1o, com pmticm11a11ta 1w11/111111t1 clep/11çt7o 110.v 11wses dt! i11ver110 Os casos aprostmtadvs aq11/ 1110.1·trm11 
tlifi·1v111,•.vfon11a.v tia i11id11ç,10 u/a.rns de desc1wolvi11w11to dm d,:p/ciçl)('s 11a htll'mlclacle clm emlss/Jes d11m11-
te " 110/tu. As /11111i(C/I.\' pt!r111/te111 ai11dn a d<!lum1/1111ç11o r/11 11.rtu11sflo 1·111 a/t1111de e latit11tle rim bollws de 
plasma e 11/g1111s n•,111/tadvs sflo apn.Jse11tmlos. 'l'em .rhlo oh.1·c•11111do q11ci elm chegr1111 a ati11gir a/1/11,c/c.1· 
e.rcede11do 2.500 km sohre o cu111ador 111ag11t!tlco 110 setor brasileiro. 
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I NTRODUCTJON 

l011osphcric plasma irrcgu la ritics associatccl with 
nighttimc equatorial sprcacl-F phnomcna (Bookcr & Wclls, 
1938) havc bccn thc subjcct of intcnsivc experimental nnd 

th corc tica l invcst igations durin g rcccnt ycars. Thcsc 
irrcgularitics are of diITcrcnt scalc sizcs with wnvclcngths 

vnrying from severa! tens ofkilomctcrs to as small as a meter, 

or lcss, anel havc bccn obscrvcd using ionosondcs (c.g., 
King, 1970; Rnstogi, 1978, 1986; Abclu et ai. , 1981 , 1983a: 

Huang ct ai. , 1987), tops ide soundcrs (c.g,, Dyson & Bcnson, 

1978; Bcn ' kova ct ai. , 1988) , radar backscaller (c.g. , 
Woodm1rn anel La 1-101., l 97Ci; Tsunodn cl fll. , 1979, Tsunodn, 

1980), salellilc bcacon anel radio slar scintillations (c.g .. Basu 

& Kcl lcy, 1979, Anrons, 1977, 1982), and in sil11 rocket 

(c.g. , Kcllcy ct ai. , 1976. Morse et ai. , 1977: Szuszcewicz 

cl ai .. J 980) anel satcllite (c.g. , McClurc ct ai. , 1977; 1-locgy 

ct nl. , 1982; Oya el ai. , 1986) measurc rncnts. Thc 

irrcgularitics characterizcd by largc scalc transcquatorial 

plasma dcplctions, gcncrnlly rcfcrcd to ns plasma bubblcs 

anel p lumes , co ntinues to att rac t mu ch at tent ion . 

Considerable interest in the studics rela Icei to thc equatorial 
ionosphcric plasma irrcgulari tics stcms from thc fact that 

lhe irregularitics degrade radio wave signals passing through 
the ionosphcric rcgion anel. thcrcforc, iníluence ionospheric/ 
trnns-ionosphcric radio w:we 1.:0111m1111ications. 

Severa! invcstigators havc carricd 0 111 thcorcticn l nnd 

computcr si mulations of equatorial irregulari ties associatcd 

wit h largc scalc plasma elcplctions (c.g., Ossakow ct ai. , 

1979; Chiu & St rauss, 1 <J79; Anderson & Mendillo, l 98J; 

Mc11eli llo cl ai. . 1985; llanson cl ai. , 1986) According to 
prcscnt t hcorct ical i ntcrprctations, lnrge scn le plasma 

clcplctions or sprcad-F bubblcs are init inlly gcncratcd at thc 
r-rcgion bottomsidc, thrnugh a íluid typc graclient iustability 

mcchn 11isu1, such as lhe grnvilatio11al Raylcigh-Taylor 

instability (Dungcy, 1956; l lacrcndcl, 1973; Ossakow et ai. , 

1979) in conjunction with Ex B inslabi lity (Martyn, 1959). 
Thc ionosphcric plasma bubblcs are aligncd along the 

rnag11cti1.: licld li ncs, owi ng to the much greater conductivity 

in thc magnctic ficld dircction as compareci with thc per

pendicular eomlu1.:tivi ty. As thcse bubbles inove buoyantly 

upwnrd with rcspect to thc ambient plasma in thc equatorial 
rcgio11, thcir botto111sidc rcet migrnte away frorn lhe cquator, 

rcaching dip latitudes of ovcr .1. 15º (Rohrbaugh ct ai ., 1989), 

a11d brcak up into smallcr scalc sizc clectron dcnsity 
irrcgularitics, whi ch are associatcd with sprcad-r, 

bnckscattcr anel scinti llations. Thcy usunlly drift toward the 
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cast in lhe equatorial ionosphcrc anel are oflcn tiltcd or 

curvcd to the west of the mngnctie meridian bccause of lhe 
bubblc upwarcl motion. 

Airglow obscn1at ions providc a convenicnt techniquc 

for scnsing rcmotely thc dynamics of thc uppcr atmosphcrc. 
Duri ng recent ycars rapid advnnccs hnve bccn mndc in 

clcetro-opt ica l deviccs anel havc offcrcd consir.lernble 

improvemcnt in thc capabilily ofinstrnmcnts uscd foroptical 

studics of thc upper atmosphere. li is now possiblc to obtain 
monochromatic ai 1-sky ( l 80" fiel d of vicw) imaging 

obscrvations for studyi ng lhe 111orphology anel clynamics of 
nightglow structurcs, ovcr rcgions cxtcnding severa! million 

squarc kilomctcrs. 

The F- rcgion n1 ghtglow cmi ssions arising from 
ionosphc ric rccombination processes can bc uscd to 

rcmotcly observe thc dynamics of tran scquatorial 

iouosphcric plasma bubbles anel smaller scalc sizc plasma 

irrcgularit ics. During rcccnt ycars severa! invcstigators hnvc 

cnrricd 0111 ohservalious of thc F-region OI 777.4 um aml/ 

or 0 1 6Jtl.0 nm n1ghtglow cmissions using widc-anglc 

airglow imaging techniq11cs (e.g. ai rbornc studics: Weber 

cl ai. , 1978, 1980, l 982; Moore & Weber, 1981; ground

based studies: Mcudillo & Baumgardncr, 1982; Mcndillo 

& Tylcr, 1983; Rohrbnugh et ai. , 1989; Sahai el ai. , 1994a) 
and convention;il photomctcr rncthods (c.g. , Sobral ct ai. , 

1980, 198 1, 1985: Sahai ct ai. , 198 1, 198:l; Siplcr cl nl., 

198 1, 1:3ittencourt et nl .. 1983; Carman, 198); Malcolm ct 

nl. , 1984), to stucly equatorial anel low latitude ionosphcric 

irrcgulari tics nnd hnvc provider.l valuablc anel irnporlanl 

rcsults rclatcd to lhe cvolution. structurcs, movcmcnts anel 
vclocitics of largc scalc plasma dcplctcd rcgio11s. Rohrbaugh 

et ai. ( 1 <)89) havc uscd a lícld-aligncd obscrving gcomctry 
which has bccn discusscd in dctail by Ti 11slcy ( 1982). 

ln arder to carry 0111 rcgular obscrvations of thc F

region OI 610.0 nm nightglow cniission usi11g widc-n 11gle 

( 180" ficld ofvicw) 1mnging to rnap thc nightglow crnission 

str111.:tures aml lhcir movcmcnts, an fl ll-sky imaging systcm 

was put in operation at Cachoeira Paulista (22,7" S. 45.0" 
W), Brazi l, in March 1987, in a bilatcrnl collnborativc projcct 

bctwccn thc Centcr for Space Physics, Boston Univcrsity, 

USA. anel thc National I nstitutc for Space Rcscarch (INPE), 

Bra1.1 l. Also, two 1111ilticha1111cl zcuith photomctcr, an 
io110s011dc, a polarimctcr anel a magnctomctcr nrc in regu

lar operation at Cnchocira Paulista (CP). 

This clustcring of obscrvational facil itics a t CP 
providcs coincidcnt anel complcmcntary obscrvations or 

various ionosphcric and gcomagnctic parnmctcrs. l11 this 
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paperwe present and discuss some results from the 01630.0 
nm emission all-sky imaging obscrvntions carried outduring 
the period March 1987 to July 1989, rclnled lo lhe 
morphology nnd dynamics of transequatorial plasma 
dcpletions in the Brazilian sector. 

INSTRUMENTATION 

A low light levei all-sky ( 180° fiel d of view) airglow 
imaging systcm, vcry si milar to thnt described in detail by 
Mendillo el ai. ( 1982) and Mendillo & Bnumgflrdner ( 1982), 
was pul in routine opcrnlion at CP in March 1987 (Fig. 1). 
The magnetic dip latitude in 1987 for CP was 15.8° S. The 
imaging system rccords intensified monochromatic ima
gens on 35 mm li lms using a conventional singlc lcns rcílcx 

MINOLTA ROKK ER-X 

.----16mm F/ 2 8 
FISHEYE LENS 

~OOmm F/25 

✓ i\ERO EKTAR COLLIMATOR LENS 

INTERFERENCE FILTER 
4--- 102 mm OIAMETER 

KOWA 90 mm 
F/095 OBJECTIVE LENS 

IT T TYPE F 4727 

O .,.◄-- 25 mm 2 nd GENE RATION 
IMAGE INTENSIFIER 

NIKON 55 mm 
F/1.2 COLL IMATOR ANO 

OBJECT IVE LENSES 

..____NIKON 
35 mm SLR CAM ERA 

ALL SKY INTENSIFIED CAMERA SCHEMATIC 

Figure l - Schematic cliagram of lhe 01 630.0 nm all-sky 
imaging system. 

Figura 1 - Diagrnmn esquemnlico do sistema de 

i111agea111e11to do céu 11a /i11ha 01 630, O 11111. 
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camern flnd , in its present conligurntion, the syslem can be 
used only for one selccled nighlglow emission. A 4 in dia meter 
inlerfcrencc liher with 1.35 nm bandwidlh has bcen used for 
the OI 630.0 nm cmission obscrvalions. Most of the images 
presenteei in this papcr were obtaincd al 20 min intervals, using 
a 12 scc lime cxposurc. As poinlcd out by Mendillo & 
Baumgardner (1982), a zenith angle of 75" encampasses 
approximately ± 8" of latitude/longitude, cquivalcnL Lo a ho
rizontal dia meter of 1800 km nt aboul 300 km. Zenith anglcs 
from 75° Lo 90° cncompass an additional ± 8° latitude/longi
tude, but compression eITccts are large in Lhis region. The 
obscrving geometry with lhe all-sky imaging syslem for the 
01 630.0 nm cmission ai CP, is shown in Fig. 2. 

"'{" . . ··: .. .. ·-
TALEZA : I 

' -1 . . 

Figure 2 • Thc imaging system licld ofview at 75º anel 90° 
zcnith anglcs al 300 km. The magnetic north dircction is 
also indicated. 

Fi,:ura 2 - Campo de vi.\'ftO do .1·/.1·te111a de /111agea11u.mtv para 
â11g11/os zenitais de 75° e 9()0 n 300 km de nltitude. li rllre

ção norte magnética está la111bé111 indicada . 

The 0 1 630.0 11111 nightglow cmission intcnsilies 
presenteei in Lhis study were measurcd by a multi-channcl 
tilting filter typc zenith photometer, which has becn in 
opcration at CP sincc Janumy 1987. Thc pholometer provides 
mcasurements of thc OI 777.411111, 630.0 n111 and 557.7 11111, 

NaD 589.J 11111 , 01-1(9-4) and 0
2 

- a /111,(0- l) nightglow 
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emissio11s nt intervals of 1111/11, The photometcr opcralion 
and 1hc data acquisilion syslem were control led by n Z80A 
microprocessor and lhe data wcre recorded on a digital 
casselle syslem. The photomultiplcr uscd is a coolcd 
1 lamamatsu R943-02 (GnAs pholocathode). The photometer 
has a lield ofview of 2" full angle and lhe effeclive dinmcter 
of the interf'erencc filters used is 2 ln , The effective 
bandwidths of the interforence filters for lhe 0 1 ú30.0 11111 

and 777.4 n111 ernissions are 1.46 nnd 1.05 11111, respectively. 
A calibrated stnndnrd lighl source (Epplcy ES-8115) was 

used for cletermination of absolule sensitivi1ies of lhe 
photometer. A substandarcl light source (Tungsten lilament 
pilot lnmp) w;1s usecl for ficld calibration. The OI 630.0 11111 
emission absolute intensi ties werc calculated usi11g li lti ng 
lilter (Yano, 1966) anel calibration (Kulkarni & Sanders, 
1964) 1ech11iques. As narrow band lilters are used, Lhe 01-1(9-

3) band contnminalion ai 630.0 11111 has been considered to 
be negligiblc. The estimated error in lhe absolute sensitivily 
for lhis emission is approximately ± 15'%. The OI 777.4 11111 

absolute intensities are ealculated using the teehnique 
described by Snhai el ai. ( 1981 ). The absoluto calibralion is 
esti mated as :;1- 20%. 

The ionospheric data presented in lhis sludy were 
obtained from ionosondes in routine opcrnlion at CP and 
Fortaleza (3 .9º ,r..,·, 38.4º IV), Brazil. Fortaleza (FTZ) is lhe 

closest ionospherie sounding station to lhe magnetic dip 
equator in this region. The magnelü,; cl ip latitude in 1987 
for rTZ was 3. 7º S. Abdu el ai. (1983a) have poi nlcd out 

that the longitude at which lhe magnelic meridionnl plane 
or CP inlersects lhe magnetic equatorial plane, is about 12º 
wcstward of f-TZ, 

A VHF ( 136.379 Mf/z) electronic polarimeter 
rnoni toring Lhe Faraday rotation nngle anel amplitude of 
geostntionary satellite (GOES 3) beacon signals was in 

operal ion at CP during lhe imaging observntions. The sub
ionospheric point corresponding to these measurements wHS 
-20. 9" latitude and -49.4" longitude. Also, some results from 
lhe VHF polnrimeter are presented in lhis sludy. 

TROPICAL ATOMIC OXYGEN AIRGLOW 
EMISSJON MECHANISMS 

The 0 1 630.0 nm nightglow cmission comes from a 
relat ively narrow layer eenlered near 300 km altituclc in Lhe 

bottomsidc region of the F-layer anel is an optical 
manifestat ion of severa! ionospheric processes (Serafimov 
et ai. , 1977). At equatorial anel low latitude regions the OI 
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630,0 11111 e mi ss ion is mninl y due to d issoc ia ti ve 

recombination of O' ions in the F-region (e.g. Peterson & 
Van Zandl, 1 %9), produced by lhe lwo-step process 

0' +02 ➔ 0 1- 02 ' ( 1) 

C\' 1- e ➔ O + O('D) (2) 

As cliscussed by Van Za ndl & Pcterson ( 1968). this emission 
is strnngly clcpendcnt on lhe hcight changes associa teci wilh 
lhe bouom-side of Lhe F-reg1on, wilh smaller dependence 

10 changes in Lhe F-rcgion electron densi ty. The spntial 
distribut ion is rnostly governed by Lhe E :x B vertical plas
ma drifls and lhcrmosphcric neutral winds. 

The OI 777.4 11111 cmission is produced mainly by lhe 
ntdiative recombinalion process, 

O' + e ➔ O* + hv (3) 

as discussed by Tinsley ct ai. ( 1973), and providcs nn indirecl 
measuremcnt of lhe F-region peak elcctron densi ly n

111
(e). 

The OI 777.4 11111 emission intensities observecl ai CP, during 
the course of lhe present study, have been, in genernl, very 

low and nearly ai Lhe lhreshold levei of deleclion. Thercfore, 
thcy have nol been included in sorne of lhe case studies 
presented here. 

OPTICAL AND RADIO DIAGNOSTICS OF 
LARGE-SCALE F~REGION PLASMA 
DEPLETIONS 

The F-region ionospherie irregularities associa teci wi lh 
largc-scalc plasmn deplclions or bubbles cause intense ran
ge-type spread-F and VHF/UHF scintillations al equatorial 
and low latitude regions (see e.g., Maruyarna, 1990; Rastogi 
cl ai. , 1990). The pionccring work or Weber et ai. ( I 978), 
using all-sky OI 630,0 11111 airglow imnging, showed that 
lhe north-south al ignccl equatorial airglow depletions (sec 
e.g. Weber el ai. , 1978, Fig. 1) are lhe aplicai signatures of 

large-scale plasma dcplctions or bubblcs associated wi th F
region ionospheric irregularities. Sahai et nl ( 198 1 ), usi ng 
n convenlional photomc1ric method (5" field of vicw), 
observed simultaneous shor1-1ime Iarge intensity drop-ouls 
or deplctions in the 0 1610.011111 nnd 777.411111 emissions at 
CP during range-typc spread-F conditions. The F-region 
airgow intensity deplctions are associated with lhe passagc 
of F-rcgion holes or bubbles drifting across lhe sky. As 
pointed out by Menclillo and Baumgardner ( 1982), in lhe 
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s1udy of equatorial plasma deplelions. radio (ionosonclc a11cl 

scint il laI ion) and opt ical meLhods are complementary. 
Whereas all-sky opt ical methods olTer broad. i 11s1a11 ta11eous 

covernge of' general feaLures, radio anel phoLometric 

diagnoslics olTer possibili ties for very detailed fine <~f'sighl 

sluclies. 
130th range/and or f'requency spreadi 11g are observed 

in ionograms ai equatorial and low latiludc rcgions. K ing 
( 1970) has pointed out thal range Lype sprcacl-F cchocs are 

cluc Lo parLial reflection from large Lillecl surf'accs of 

io11i1.ntion, possibly similar in naLurc to thc walls of plnsma 

bubblcs, and much ofthe frcqucncy spreading is simply thc 
decay product of the range sprcadi11g (scc also Rastogi, 

1980). l lowcvcr, frequency spreacli 11g hns bcen obscrvcd 
immecliately aflcr sunscl, independent of ra 11gc spreading 

(scc c.g. /\bdu et ai., 198 1: Valladnres et ai. , 1981) /\n 

analysis of VI IF elec1ro11ic polarimetcr da La obtaincd at CP 

by /\bdu eI ai. ( 1 985) shows raraday rolalion angle 
íluc1ua1io11s correlatecl wilh rangc-lypc spread-f,' evenls in 

the local ionogrnms anel amplitude scinlillalions in satcllilc 
bcacon signals, indicaling thal Lhosc variations :u·e associated 

with large scalc plasmn dcpletions in the equatorinl region 

(see also Basu el nl., 1987). 

RESULTS ANO DISCUSSION 

Duri11g lhe period March 1987 / July 1 <)89, a good 

series of simulla11co11s mcasurements of the OI 6'.l0.0 11111 

emission zenith intcnsitics and all-sky images was oblaincd 

at CP. A lso, co111plemcn1ary data f'rom io11osondes (CP and 
FTZ) nnd VI IF electronic polarimeter (CP) measurcmcnts 

were available during this pcriod. This was a periocl of 

nscending solnr cycle. The monthly averagc 10.7 cm ílux 

variccl from a minimum value of 7'.l .'.l (Mnrch 1987) to a 
mnximum valuc of 247.2 (.lune 1989). Thc avcrage 10.7 

cm ílux cluring thc period undcr study was 139.3 (o = 50.1 ). 

Scasonal occurrcncc p11ttcr11 

Severa I i 11vcsI igations have recently studiccl thc 

scasonal and longitudinnl vnriations in Lhe occurrence 

charactcristics of' equatorial sei ntillations and sprcacl-F usi11g 

radio dingnostic tcchniques (c.g. Maruynma & Matuura, 

1984 ; Tsunoda, 1985; Ben'kova cl ai. , 1988). /\bdu et nl. 
( 1983a) have stucliccl thc scasonal vnriation of the spread-F 

(bolh range and frequency-lypc) in 1he Brazilian sector from 

simultaneous ionosoncle 111easurc 111cnts ai CP and FTZ. 

J?evi.1111 /Jro.l'lleirt1 de ( il'ofi.1ico. 1 ri/. 14 ( I ). I 996 

ln Fig. 3 wc prcscnt thc obscrved scnsonal occurrence 

pauern of largc scale plnsma depletions ns evidenccd by 
quasi north-soulh aligncd vallcys of inLensity dcplctions in 

the 0 1 630.0 11111 all-sky images (hereaft.er referrcd to as 

airglow clepletions). Thc occurrence frequcncy is very low 

during lhe pcriod April to ScplClllbcr and shows a maximum 

cluring thc summcr senson. This is vcry similar to the 

scasonal pattern observed for range lype spread-F (Abdu et 

ai .. I 98'.lb) and from scintillation measurcmcnts (Tsunoda, 
1985) in this rcgion. ll appears, thereforc, thal thc ai rglow 

dcplclions or lnrge scale plasma deplc1io11s gcnerally cio not 

devclop in this region cluring winler months and havc high 
occurrcnce probabil ities during summer, wi th equinox 

111onths occupying an intcrmcdinry posilion. This is in 

accorclancc with thc rcsult obtainecl by Tsunodn ( 1985, see 
also Abdu et ai., 198'.la; Batista et ;11. , 1986), that thc scaso11al 

maximum in lhe occurrence of equatorial sci 111illa1io11 and 

spread-f,' coincides wilh thc time of year whcn thc solar 
tcrlllinntor is most nearly aligncd with lhe gcomagnetic 

meridian. 
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Fi~ur·c J - Seasonal variatio11 oi' north-s011lh al igncd OI 
6]0.0 11111 nighlglow c111i ss io11 depletion occur rences 

observed al Cachoeira Paulista. 

Fi,:um 3 - Variaçflo .mzo11al das ocorrê11cia.1· de depleções 

da e111i.1•.,·tto de l11111i11e.1·ce11cia 110/11n1a 0 1630. O 11111 al i11/Ja

das 11orte-s11I, obser vadas em Cachoeira l 'a11li.1·1n. 

An analysis of lhe airglow dcpletions observed on a 

fcw nights cluring wi11Icr months (May, Junc. July and 

August). a period when thcsc deplctions are almost nbsent. 
revcalcd that. unlike summcr rnonths, lhe few dcpletions 
that werc obscrved occurred on nighl s which were 
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magnetically disturbed. Thcsc observations have been 
discussed in dctai l by Sahai et ai. ( 1994b). 

During the month of August 1988, an intensive 
campaign of the OI 630.0 nm imagi ng obscrvations was 
ca rricd out a CP in conjuncti on with lhe Equatorial 
Dynamics campaign in the Pacific sector. White fully 
dcvclopcd equatorial spread-F signatures werc o~servcd 
in the Pacific sector on severa! nights in August 1988 
(Mendillo, priva te communication), no airglow depletions 
wcrc observcd in the Brazilian sector. Also, wcather 
conditi ons pe rmilled a good se ri es of a irg low 
obscrvations during lhe months of August, Septcmber 
and Octobcr, I 988. The frcquency of occurrcnce or 
airglow dcplctions was observcd to incrcasc frorn zero 
in August (nights of obscrvations: 11 ; nights with 
deplctions: O) to a situalion whcrc most nights showcd 
strong dcplctions in October (nights of observations: 4; 
nights wi ih dcplctions: 4), with Septembcr (nights of 
observations: 9; ni ghts with depletions : 3) showing 
deplclions on a fcw nights. It appcars thcrc is a transition 

period írom no equ atori al irregul arities to stro ng 
gcneralion as wc move from August to October in this 
rcgion. 

ln Fig. 4 wc show complcmentary ionosphcric data 
for lhe night of August 15-16, I 988, an examplc of a night 
in which no airglow deplctions werc obscrvcd. Also, 110 

sprcad-F or scinti llations wcrc obscrvcd on this night. lt 
may be noted thal lhe aft ernoonfoF2 ai FTZ is gcncrally 
higher than that at CP and therc is virtually no post-sunsct 
uplifting of Lhe F-layer, as evidcnccd by thc h 'Fvariations 
at both CP and FTZ on this night. ln arder to invcstigatc 
thc rela tive changes in thc ionosphcric paramcters, during 
thc period August to October, wc show, in Fig. 5, avcrnge 
monthly vfllues offoF2 and h/2 (virtual height at 0.834 x 
foF2, a good approximation for the F-laycr pcak height, 
hmF2) observcd at FTZ and CP during these months in 
1978. Thc reduced ionospheric data (fc/2 and h/2) for 
both the stations CP and FfZ were availablc for these lhree 
months and thc avcragc 10.7 cm íluxcs for thesc months 
in 1988 ( 144.5, = 19.1) and 1978 (160.2, a= 6.1) are 
comparablc. 

Rastogi ( 1989) has pointcd out, that spread-F at 
equatorial stations is prcccded by a marked risc of h 'F 

during lhe post-sunset hours, and lhe post-sunset rise 
of h 'F is accompanied by a simila r risc of thc F-region 
pcak he ight, h,/'2. Jt is observcd, from Fig. 5, that in 
addition to amplificati on in post-sunscl uplift ing ofthe 

l?uvi.v/(1 Brasíluim de Gcofl.vi'c·"· Vol. 14( /), 1996 

F-Iayer at FTZ, therc is a eonsiderablc incrcase in 
aftcrnoon /

0
F2 fl l CP compared with FTZ, indicnting 

intensification of the equatorial ionosphcric anomaly 
as wc move from August to Octobcr. Rcccn t 
invcstigalions by Raghavarao et ai. ( 1988), Alex et ai. 
( 1989) and Raslogi ( 1989) also show thc significa nl role 
of thc intcnsi fi cation of thc equatoria l ionosphcric 
anomaly in thc initiation of spread-F. The prcsent 
transition-perlod obscrvations of airglow deplclions are 
in agrecmenl with the rcsults of sprcad-F reported by 
these investigators. 
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F igure 4 - An example of lhe comp lcmenta ry 
observalions on a night whcn no nightglow dcpletions 
wcre secn on the OI 630.0 nm ai 1-sky imagcs, on 15- J 6 
August, 1988, at Cachoeira Paulista. The ionospheric 
F-region data (h 'f andfor-2) plottcd are shown by closed 
ci reles (Cachoeira Paulista) and crosses (Fortaleza). 
Also shown are the VHF polarimeter obscrvations at 
Cachoeira Paul ista. 

Figura 4 - Um exemplo de ohservaçiJes complementares 
numa noite quando nlJo ocorreram depleçí'Jes na emis

são 01 630, O nm observadas pe lo sistema de 

fmageamento, durante J 5- 16 de agosto de 1988, em Ca

choeira Paulista. Os dados da regiilo-F ionosférlca (h 'F 

e f J2) estão apresentados por clrculo.1· cheios (Cacho

eira Paulista) e por cruzes (Fortaleza). Estl1o também 

apresentadas as observaçlJes com polar/melro Vf!F em 

Cachoeira Paulista. 
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Fi~urc S - Mcan 1:-region pcak hcights (lt/2) and peak 

electron elensitics (J/2) ,·ariations obscrvcd ai Cachocirn 

Paulista (closed circlcs) a11d Fortnle1.a (crosses) ror thc 

months or Augusl, Septe111ber anel Oclobcr, 1978. 

Fi,:11r11 5 - i\ lc'>dw.,· clns a/ti/11(/l'.\' tio pico da regir1o-l" (lt/ "J) 

e dos r/e11s1rlmles do pico w11os,Prico (/;/'"J) ohservada.,· e111 

( 'acltoe,ra /'a11/isto (circ11/o.,· cln•w.,) <' e111 l"ortalezn (cru

;:('.,) pnrn os meses d<' a,l!Jl,\'/0, sete111hro <' 011/11/Jm de J 97N 

Post-sunsct on sc t and dcvclo))mcnt oi' equatoria l 

ionosphcric ))lnsma dc))lctions 

ln 1his scc1io11 we present two case studics or lhe 

pos1-sunse1 onset a11d dcvc lopmc111 of lhe equatorial 

ionosphcric dcplct ions as evidcnccd by a series ofthc 0 1 

üJO.O 11111 all-sky i111agcs. IJolh lhe nigh1s 1 <) -20 Ja1111ary. 

1988 (su111mcr) and 22-23 March, 1988 (cquinox) are 

magnctical ly quict. 

i) March 22-23, 1988 

111 Fig (,a \\C prcscnl a scqucncc of lhe OI 630.0 

11111 all -sky images obtaineel on 22-23 March. 1988. This 

11igh1 shows thc forma1ion phase oíairgl0\\ dcpletions 

or ionospheric plasnrn bubb lc structurcs anel lhe \\ eSl 

10 cast 111ovcI11cI11 of a plnsma bubble s1r11ct11re. possibly 

fo rmed wc ll bcyo 11d lhe wcs1ern hor i1011 (l'oss i l 

clcplction) . ln Fig. úb we prcsc 111 co lllpleme111 ary 

photometric anel ionosphcrn; dnla for this 11igh1 /1. 

comparison of ionospheric dalil ai CP and FTZ shows 

U1•1•1.1·tt1 IJl'll,\/ft,,m cll' (i<'ofi,11rn. l iil / •l (/J , 1996 

large post-sunset upliíting oi' thc r -region in the equa

tor i al rcg ion and a we ll deve l opcd eq uatori al 

ionospheri c a11omaly. Thc ra nge-1ype spread-F ai CP 

occurrcd laler than at FTZ anti only during two short 

intervals. whcn the airglow depletions passed overhead, 

as discussecl later. The Faraday rotation lluctuations anel 

amplitud e sc in tilla1ions obtained by thc VHF 

polnrimeter were observed over a lo11gcr pcriod 1han 

1hc ra11gc- typc spre:id-F on lhe ionogra111s at CP. 

Figure <>11 - Scqucnce oi' OI (,)O.O 11111 all -~ky imagcs 

obtained 0 11 22-23 March. 1988. 

Fi,:11rf/ fia - Seq//<1tt('tn tlc• /111(/gC!II.\' do Ce/1 e/li()/ 630, u 11111 

uht1d11.1· d11rm1/c' 22-23 de 111a r ço ele I YHR 
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Fig-urc <ih - Same as in Fig. 4., but for 22-23 March. 
1988. The OI 630,0 111n cmission in tcnsitics are nlso 
prcscntcd. 

Figura 6/J - Análogo ri Fig . ./, mns para 22-23 de mnrço de> 

I YHH . .,J vnriaçi'lo das 111/C'nsirlndr:.1· da c>111isst7o OI 630, O 11111 

está tnmh<;III (/prese11lndn. 

Thc series of 0 1 610 o 11111 nll-sky imagcs. shown in 
Fig, 6n, shows considcrably lower ernission intensitics in 
the northern rcgion, indicating an upliflcd F-rcgion, whcn 
the obscrvalions startcd at 1920 LT (loca l time rcfcrrcd to 
.J.5º IV longitude). AI 2000 I .T wc start sceing severa! small 

north-south protruding airglow clcplctions (rnultiplc plas
nrn bubblcs) from the low i11tc11sity rcgion on thc 11orthcrn 
si de. The subscq11c11t i 111ages show evolui 1011 of t he airglow 
dcplclcd regions. AI 2100 Lf ,,·e observe one of lhe airglow 
dcplctccl rcgions growi11g in thc wcst of lhe magnetic 
mcridian anel a parlofthis well-dcvclopcd strueturc passes 
ovcrhead at abo111 2200 LT. Thc OI 630,0 11111 zcnit h 
obscrvation (rig. Gb) shows a sharp intcnsity dccrcasc at 
this time, At 2300 LTwc observe a singlc airglow dcplction 

moving from wcsl to east nnd subscqucntl~ acquiring a 
wishbo11c structure (Mcndillo & Baumgardncr, 1982) by 
0040 l ,T, This is one or thc good e.xamplcs of lhe isolatcd 

formation and cvolution ofa bifurcatcd dcplction (Mcndillo 
& Tylcr. 1983). 

/?1•vi.1·10 /Jr11si/,..iro e/,.. (ii:r1/isic11, t 'ol /./(/}, /996 

ii ) January 19-20, 19HH 

ln rigs. 7a and 7b. rcspcctivcly. wc prcscnt n series of 
OI 630.0 11111 imagcs anel cornplcmcntary pholomctric and 
ionosphcric clala, from thc summer night of Janunry I 9-20. 
1988, Thc post-sunsct li ·v vnriation al FTZ and lhe ,//2 
variations nt CP and rrz are similar to thosc obscrvcd on 

the carl icr cquino.x night diseusscd hcrc, I lowc\'cr, thc h ·r, 
variation nt CP shows similar upli fting of thc laycr as 
obscrvccl éll FTZ. thus Lhe 11plifti11g of thc 1:-rcgion covcrcd 

a large lnt itudinal region. The occurrence ofsprend-F at r-rz 
anel CP and r arnday rotnt ion íluctuations anel ampl itude 
scintillations are very si milar to thc lhose on the ni ghl 
cliscusscd carlicr. 

Fi~urc 7a - Sarne as in Fig. 6a, bul for 19-20 Ja11uary. 1988. 

Figura 7a - , l11á/ogo à Fig. 6n, mas para / IJ-20 rlr:j(llleim 

de 1988. 
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Figure 7h - Snmc as rig. 6b bul for l 'J-20 January, 1988. 

Fi,:11rt1 7b - .111úlogo à Ftg. 6/J. 111nsporn / 9-20de;m1e1m 

rle / IJHH. 

lt is obsCr\ Cd. rrom Pig. 7a. that "hcn thc obscr\'at1011s 

startcd at 1952 L:r. lhe ,,estcm hori1011 ,,as still undcr twilight 

conditions. l lo,, evcr. a gcncrnlly low in1c11si1v lc\'cl all-round 

indi<.:atcs e-.;tcnded uplilling orthc F-rcgion 111 the entire lo,, 

lat1111dc rcgion. At 2020 LTwc stnrt sccing well-forn1cd n1rglo,, 

dcplc11011 regions exte11di11g fülly rrom 11011h 10 s0111 h. Similar 

results werc secn on a fcw other nights during this 111011th. 

Possihly an cxtendcd latitudinal uplining ol'the r -rcg1011 rcsults 

111 rapid fonnation of elongatecl airglo,, deplctcd regions. ·1 h1s 

i 111t iation 111ccha111s111 is differcnt from that discus~ed for thc 

c.1rltcr 111ght S1ro11g .urglowdcplelionscontinuc till ;1bo111 0020 

LT and 1he11 gradually disappcar. Ãl aboul 2100 1 ;r ;1 broad 

airglow elcpletcd reg,011 passes o\'crhcnd CP anel Fig. 7b shm1s 

a hroad 111tc11srty dcplct1011 in thc 0 1 610 O 11111 emission anel an 

1ncrcase 111 h 'F a1ou11d this time. Weber et ai. ( 1 'J78) ha\'e also 

rcporicd that rcg1011s of mrglow dcplctions are charnctcn1.ccl 

b~· a11 111creasc i 11 lhe vi ri uni height ofthe r -layer. 

l 11 th is sectio11 11e prcse11tcd 111 0 111gl\ls (011ccqui110:,; and 

011c su111111cr) of coi 11cide111 optical and radio diag11osti<.: 

obser\'atio11s or equatorial ronosphcrie irregularitics. 11 is 

obscrn:d that al though the pos1-s1111set 1011osphcn<.: 1;011d111011 

(111arkcd 11pliíli 11g ofthe F-layer and ,,cll-dc,clopcd cq11atori-

1<,,,.,.,·111 /lrrl.\/l1•1rn e/,• ( i,•,~(i.11cfl, ltJ/ I l f/ 1. 1996 

ai io11osphenc a110111aly) are some,, hat similaron thcse 11ights. 

thc i11i1iation anel de\'clopn1e111 oíairglow eleplctcd regio11s are 

very diílc rc11t. l .argc day lo day difTercnces have bce11 obscrvcd 

duri11g the coursc of this long series or airglow 111wging 

obscrvallons. Thcse results ,, 111 bc important for prcsent efT01 ts 

111 modcll111gcquatorial 1011ospherie irregularitics. 

Altih1dc-lat it11dc c:\tcnt of equatorial ionosphcric plas

ma dcplctions 

Mc11dillo & Tylcr ( l 'J81) ha,·e discussed the geornctry 

of' dcplcted pla~111a rcgio11s 111 thc equatorial 1011osphere. 

11s111g thc 0 1 6111 li 11111 all-~k~ imagcs. The OI 610.0 11111 

11nagcs c-.;hib11 nca rl~ 1101 th-south alig11cd i 111ensi1y deplcted 

rcginns. which are lhe botto111side sig11a1ures of plas111a

dcplc1eel ílu:,; tubc!.. 

Fig 8 sho11 s the geo 111ct 1~• of l he l011 -la 11 1ucle 

111ag11c11 c f ield l111cs. thc height of thc OI 6:W.O 11 111 

cmission la~ cr (~ 100 km) anel lhe fielel of vicw of the 

all -~k~ imagi 11g s~ s1c111 f'orthc 1.c111t h anglcs 7 5" a 11d 90" 

as see11 from Cachoei ra Pauli~tn. Thc la1i111di11al c'( tc11s1011 

APEX lif lOHT l tml 

Figure 8 • Dipolc gco111c1r~ orthe geo111ag11ct1c ítcl'1 ltncs 

111 lhe 111ag11etic 111cndional plancofCadiocira Paulista, The 

c-.; tc11sio11 or thc airglow deplc1io11s at abo11t 100 km rrom 

thc all-sk~ obsc11a1 io11~a1 Cachoeira Paulista (d;1shcd li11cs) 

,s also sho,, 11. 

Fi,:11r<1 H - ( ienmetr,n d1polnr das /1 11//(/,\' de cn1111w 

gc•o111"g11ét1cn.1· 110 p/0110 111c•r1<lw11al 111n,l!,t1éli< o de ( 'nc///l

t' ll'a l'r111/1.,·ta . • 1 1•rle11.1110 rias depll'r,:cJcw 1u1 l 11111111e.1·ct111c1<1 

(l//110.1/enca, c•m /11/'IIO rll' 300 km, oh.11•n1r11ln.1· 11e/o .1·1ste/lln 

1ma,l!,('ar/11r do eh,. t'/11 C '/ldlCl<'tl'/1 l 'a11/1s/o, está l /1111h1;m 

r1pr1•.,,•11truln 
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or the intcnsi ty dcplcted rcgions are niapped along t.he 
magnct ic licld lincs to equatorial crossing altitudes as 
shown in Fig. 9. For examplc. the single bubblc at 0000 
LT in Fig. 6a, which is occupying thc íull fi cld of vicw, 
has a lalitudinal cxtcnsion as íar as about 301

' S dip lati
tude, and thc corrcspo nding plasma dcpletcd ílux tubc 
crosscs the mngnctic equatorial plane at an altitude above 
2500 km. 

NORTH 

WEST 
EAST 

SOUTH 

Figure 9 - An imagc ovcrlny pattcrn as sccn írorn Ca
choc1ra Pauli sta. Thc nca r north-south a ligncd airglow 
dcplctions can bc uscd to estima te thc licld-aligncd plas
ma bubblc alt itudes abovc Lhe mag ncti c cquato r. 
considcring that thc OI (,30.0 11111 e111ission laycr is 
locatcd ncn r 300 km . A dcplctcd rcgion cxtending wcll 
up to thc southern cdgc of thc i111agc will corrcspond to 
an altitude greatcr than 2500 km abovc thc nagnctic 
cquator. 

Fi,:11ra Y - l'm;eçi1o das altitude.,· equatorinis das /1 -

nhas de campo sobre a i111age111 celeste vista de Caclto

elra !'nu lista. As depleçi'Je.,· de lu111i11escênc,a quase ali

nhadas norte-sul podem ser usadas para e.,timar as nl

titucles das bolhas de plasma ali11ltadn.1· no longo das 
linhas do campo g<'omaµ11ét1co sobre o equador, cor1s1-

deramlu que a ca111mla de em1ssi10 em OI 630, O nm está 

local,znda p1·6xi111n de 300 km. Uma regl(io de clepleçi1o 

que se este11de até a borda .mi dn tmnf!e/11111apear-se-á 

parn nllitudes mniores que 2500 km .rnhrc o equador 

mng11ético. 

Ut'vis/11 /Jr,wleira de Gcoji.1"1C11, l 'r,I / ./(li. /991í 

Severa! plasma dcplctcd rcgions, shm, n i n Fig. 7n, ,ilso 
prcscnt similar lntitude-altitudc cxlcnt. The altitude-latitu
de cxtcnt of the equatorial plasma dcplctions rcportcd hcre 
are not rcadily obscrvcd by other ionosphcric diagnostie 
1cchniq11cs. The obscrvcd apcx altitudes of thc plasma
deplcled ílux tubcs in thc prcscnl series of observations in 
the Bra1.ilian sector are much highcr compareci with thosc 
rcportcd by Mcndillo & Tylcr ( l 98J) aL Ascension island 
(8" S. 1-1'' li ). about 1200 km. and by Rohrbaugh ct ai ( 1989) 

at Hawai1 (21 " N. 157º IV). about 900 km. 

CONCLUSIONS 

ln this papcr wc havc prcscntcd some rcsults fro111 a 
long series ( 1987- 11)89, a pcriod of asecnding solar cyclc) 
of OI 610.0 11111 all-sky imng111g obscrvations carricd out at 
a low latitude stat ion in lhe Brazilian sector. Complcmcntary 
photomctric and radio propagalion mc;1s11rcmcnts wcrc uscd 
to sludy thc formation and cvolut ion of largc-scalc 
ionosphcric plasma dcplctions. Thc principal reatures are 
summan1.cd bclow. 

1) The obscrved seasonal varin tion of thc airglow 
clcplctions shows a maximum during tJ1c summcr months 
and virtually no airglow dcplctions during thc wintcr 
months 

2) A good series of obscrvations during thc pcriod August
Octobcr, 1988, indicatcd the existcncc of a trnnsition 

periocl, that is from virtually no ai rglow dcplctions in 
lhe month of August, to frequcnl occurrencc in Octobcr. 
Also, an analysis or thc mcan diurna! variation of lhe 
ionosphcric parnmetersfoF2 and /t

11
F2 ill CP and FfZ, 

during thcse months, showcd an incrcasc in thc post• 
sunset risc of thc laycr hcight (h/2) at FTZ anel strong 
inlcnsilication in thc F-rcgion pcak clcctron clcnsitics at 
CP, as wc move from Augusl Lo Oetobcr. lt appcars that 
in addi tion to markcd uplifting of the laycr, a wcll
dcvctopcd equatorial ionosphcric anomaly is importa111 
for thc occurrcnec of largc-scalc ionosphcric plasma 
irrcgularitics. 

3) Two case studics prcscntcd showcd difTcrent typcs or 
dcvclopmcnl of thc plasma dcplctions cluring thc coursc 
of a night. Thcsc stuclies, onc equinox night and one 
sun11ncr night, involvcd 630.0 11111 all-sky imagcs, zcnith 
photomctcr and ionospheric radio sounding data. A largc 
day-to-day vai inbility was obscrvcd in thc gcomctry of 
thc airglow dcplctions 0 11 about 40%1 of thc nighls 
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s111d1ed in thc prcscnt i11vcs1iga1ions. 011 which dcpletions 
occurred. both the ini lial formalion of irregularities and 
the !ater castward motion of' ni rglow dcplctions wcrc 
observed. On lhe remaining 60%1 of nights showing 
dcpletions only the la11er phase was seen. The formation 
phase was characterized by an ini tial lowering of 
intensity in 1he northern sky followed by north-south 
depletions protruding into Lhe íield of view of the 
imaging system. 

4) By mapping the ai rglow depleted regions, along 
geomagnetic field lines to 1he magne1ic equatorial pla
ne, the la li tuelc-altitude extent ofthe large-scale equato
rial plasma depletions have been s111died. Plumes with 
heights excecding 2500 km above Lhe geomagne11e 
eq11111or have been observed. The 11nus11ally very high 
apex ali iludes observcd. warrants furthcr investiga1io11s 
anel sinwlations for lhe instability conditions required 
Lo cnuse such pronounced efTects. 
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