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Akstract

Electric field observations from +two high-altitude rocket
flights in the @polar cusp have been combined with satellite
observations of jion drifts to infer details of the electric
field and convection pattern 9f the dayside aurcral
ionosphere. A region of shear flow reversal can be inferred
from the electric field observations on one flight npear 15.30
LT 20 minuteg after the Dynamica Explorer 2 satellite crossed
rrrough the same region. The drift patterns ckserved py the
w0 spacecrafts were very similsr although shifted by 0.5
Jtgrees, a shift which is expected “rom the observed change in
v ne interplanctary magnetic field (IMF) Bz component Jduring
:his time. A region of rotational flow reversal was covered by
the other flight shortly after magnetic weon, at the same time
the DE-2 satellite <ravelled along rcoughly the dawn-dusk
meridian. By jeoining pointz of equal putential, integrated
from the %wc datasets and assuming the reversal boundary to be
an equipotential, the instantaneous conve:tion pattern could
be drawn showing crescent-shaped convection contours ia the
dusk cell and more circular shaped contours in the dawn cell.
In order to reprcduce this pattern using the convection model
recently proposed by Heelis et al. (1982) it was found
necessary to introduce a locai-time dependernce cf the decay of
the electric field with distance from the reversal boundary.
Moreover this pattern is shocwn to be gualitatively in
agreement with the predictions of a ga20metrical model by
Crooker (1979) when the IMF is uriented towards dawn. The same
characteristic patterns but with the dusy and dawn cells
reversed, ag presented inr a recent radar-szatellite study for
the IMF oriented towards dusy may sexve ag additional evidence
in favour of this model.
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(2) Centre for Space 3cience., 1he 't vergity of Teras ad Dojlap, 700 Wy
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1. Introduction

The dayside auroral ioncsphere and the polar cusp have
attracted specific interest due to the fact that fundamental
processes taking place in the outer magnetosphere, its
boundary regions and the magnetocheath are reflected here and
focused to a relatively small asxea easily accessible for

observations by spacecratt and frow tha ground.

Electric fields have bheen meazured 1in this region eitherx
directly by double probes on satellites (Cautffmann and
Gurnett, 1972), rcckets (Maynazxd e% 3l., 1974; Ungstrup gt al,
1975; Primdahl ef al. 1979, 1984; Jorgensen 2t gl, 1980;
Rintner et gl., 1979; Daly and and Whaien, 1978) and balloons
(Mozer e, gl, 1974} or indivectly from the motion of Barium
clouds (Wescott e€t_gl. "97€) or tne amhient 1ion drift as
obsexved by backzcstter radars (Foster =t al, *951). Many of
these studies suifexy from zn  ingsufficient dJdata covarage +9
enable an instancaneous plrcTurse of the largyge scalie slegctyic
field 03 convechion pat-ern to bz constructad. In the vicinity
of auroral arcs, arc-agsodiated elevtraic fields associated
with Birkeland currents 2w possrisation ejectric fields may
drasgtically change and Ccomplicate “he piccoure (Marklund ei_sal,
1383, 1984). Direcvt measureneais <f the plasme motion as
observed by e&arth orbiting sateilites (Hanson and Keelis,
1975) formed the starting point for more systematic studies of
the Jlarge scale convection pattern. Not until recently wag an
attempt made to reconstruct the instantanecus convection
pattern using simultaneous satellite (DE-2; and radar
observations (Chatanika, Millstone Hill) for a number of
events with the interplanetary magnetic field pointing towards
dusk (Heelis et al, 1983). By 3joining points of equal
potential integrated from the various datasets, instantaneous
equipotential contouxrs could be constructed showing 4
crescent-shaped and narrow dawn cell and a wider and
circular-shaped dusk cell The only 1lecal time sectoxr forx
vhich the data coverage wss poor or missing was between 11,00

MLT and 16 .0C MLT 1.e. an  important part of the dayszide

auroral cval.




Page 3

In this =ztudy we have ooncentiated upon this reglion to enable
a detailed picture of the dayeide convection pattern close to
the convection reversal bouudary. Thus, a r=2g9ion of rotational
flow reversal is covered by cre rocket flight shoxtly afiex
magnetic noon while the DE-2 satellite travelied in
essentially the d&dawn 3Jusk mevidional piane. For this event
detailed equipotentisl contours could Ye drswn 1Dazel on  the

two datasets described 1a Section 4

The othexr rocket passed throwih a reqion oi sheary flow
reversal as inferred from electric field obzservatiouws cloze to
15.30 MLT. 5ince %ae same 1740306 was passsd wivhin 200 zinutas
by +the DE-2 gateliite, the *wo datasets together provide very
detailed information on the coudbvection reversal itsclf but
cannot be used to draw the instantaneous copvection pattern ax

in the other case,

Additicnal plaswadyift ohservationy sre provided by the sachs
Harbouzr radaxr from a region cicse Lo the reveraal boundazy

more towarde noon than thae roeckates.

An ippo-tant point is chat he owe eventy diacuased here werz
geomagneticaily quiet, with a relatively stable orientation of
the IMF, as will be desrribed iu mcre detajil in Section 3.
This implies rthat eny large temporal variations are not likely
to have occured during the shcort time intervals between the

different datasets.
2. Instrumentation

As part of the Project CEMTAUR twc Black Brant 10 rockets were
launched from Cape Parxy (invariant lat:tude 750), Canada in
December 1984, to study the electrodynamics of the polar cusy.
The payloada carried detectcrs t0o measure the energetic
particle composition, DC and Af eleciric and magnetic fielda,
plasma density and temperature and finally the ion drift. We
shall here concentrate on the cbhaervations made by The Royal
Institute of Technology (RIT) double probe electric field
experiments on the two rockets Ohservationg of the other
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parameters mentiound above will be described in comvanion
papers. The RIT experiment caa be operated in two wodes, the
high impedance mode previding vector electric field
measurements with a4 taime rescluticn of 3 mx and the Langmuirx
mode providing information on plasme density and temperature
every 5 s. A detailed description ¢f zhe onerational modes for
a similar experiment is qiven in Maxilund gt gl (31%81). After
subtraction of the‘zxg sentributicon  the elactric £f2eld  has
peern transformed to 2 lccal geumagnetic coordinate systew with
the north axis oriented aspuriximataly 35Y ciockwise frowm

geographic north.

At the time of the twe CENTAUR flighta the DE-Z satellite
cros=ed the high-latitude northern ‘Pemisph&ze along
approximately the dawn-dusk meridian. During +these passes,
taking about 20 minutes ketwean the 50° invariant lstitude on
the dawn and dusk side, +he jon d4drift wveliocity iz aeasuxed
every second along the satellite track. Oaly the component
perpendicular to the trzjectoxry is availaole for these two
events. Details of this experiment and tlie DE-2 satellite have
been given by Hoffmann (1981).

A numbexr of ground-based experiments delivered importaat
information on the geophysial conditions during the iwo
eventa. These will be discussed in Sectior 3. The Sachs
Harbour radar provided plasma irregularity drift observations
as deduced from the received scattered signals originating
from a satellite transaitter. Dus to the geometry of the
ixregularities and the viewing direction of the radar only the
drift component in zroughly the geomagnetic north-south
direction is available.
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3. Geophvaicis cenditions
Event 3; Decembex 1. 1381

The CENTAUR 35.0601 rocker was launched f.om Cape Parry at
C1.38 U7 ( 15.00 MLT) duriag & gaomaguetically very quaiet
pericd as demenstrated by ¢ig. t1a, showiry the magnetometrer
H-component. from tne Alaska weridian ochain for a 24 hour
pericd inciuding the fiighv.. The 3-hour Kﬂwindex wa3s O+, in
Fig. 2a the interplaanctary magneti- fielé data are plotted as
vectors in the x-y aund y-z planes tezpectively. The vectors
have bpeen averaged over the time intervals indicatved by the
atteched numbers, duxing waich the IMF-grientation was
reiatively starle. & toward sector of the IMF with a strong
sunward component (Bx>0), a somewhat weaker coiporent towaxds
dawn (By<0) and an even smallex z-component that changed from
negative t¢ positive about one and a half hour beiore launch,
characterized this event.

Evect 2; December '3, 19€7

The CENTAUR 3% .002 rocket wes launched at 22.54 T { 12.3G
MLT) on December 13, a day characterized by moderste

geomagnetic activity as can be seen in Fig. 1b.

Several hours before launch, however, +the activity dropped
away almost completely. The 3 hourx KPWAndex during thie {flignt
was 1. The IMF data are plotted in Fig. 2b as vecteors averaged
over 15 minutes intervals starting at the indicated times
before launch.

The two rockets were Jaunched from Cape Parrxy (invariant
latitude 75.0) in a direstion xroughly towards local
geomagnetic north. They reached an apogee of asbour 670 kam 7.9
minutes after launch and traversed 7% of invariant iatltude.
The spin axes of the rockeis were kapt clozely garallel rto the
directions of the liural magnetic field wi.th an  almozt

negligible coning ancle.
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A moxe compreihersive repasi on the pyejest CENTAUR and  the
geophysical conditions and initial results will ke given ia a

companhion paper.

4. QObsexvaticns

4.1 Rocket and radar ob3mrvationa

The result oI the eicciric field data danaulicrsisz  for the two
CENTAUR flighta on UDezember 1 (tafterioon; and Tecemoper 3
(noon)} are plotted in Figs. 3a and 3b respectively. A similar
trernd <an be recegnizec for the two eveants namely a yeversal
of the geomagneric rnoarthward compoacnt wiile the eastwasd
component is  positive  throughcou vhe {lichkt and shows less
variation. Datagaeps aAr=2 aean 1n Fig g  corvesnonding v

iy

pericde for whica rhe electyice filald proies wore 3&vuketaod and

-y

intense ion bLesms were onwarvad . This will not pe Liesated heos

fas)
),

PN
ey

bur 1 F separate parsr I Tizs . 43 ans 4 0 a4 aversgas oF

the data shown above are plotted g slanhrrs faield vectovrs

avery halfi ealuwice arcag the 100 KM magnevyic Foocpoint of ths
rocket trajectory. By comparing +the reversais for the two

evernits che noeteg the foiiowWwing:

1) The reversal foxr the aftrernoon event (Event 1) c¢ccured
ailmost two degrees more polaward than for the noon event
(Event 2).

2} The eastward component of the eloctrinc field tends to  zero
at the reversal boundary Ffor the afternoon ewvent thus
indicetring an equipotential boundary. Thix ias not the cage
for the noon event.

3) Poleward of the reversal bpDoundary an ahrupt variation is
aean in Fijg. 3a in tihe northward s2laectric fleld componznt.
An almcst 1:1 ccrrvespoudence 18 found betweern this and «the
magnetvic disturbarce in the perpendicular direction as
observed by the conboard magnetometerxs {(data pot  shown

here), zreflectiny ¢ passsar “hicdgn o iitavent Field aligned




current
(Primdanl gt a.i .. 1984},

4) The electric field waz very intens

especially pcleward ¢t the rave

sheeavsd., This 18 vi@dcel

e during w“ie noon event

rsal where it exceedg 100

mV/m, while it was weaker for tae aftermogn event,

Iin Fig. 5 the ExB!Bz drifts as

2 1afexred from 4the elactyio
field datu for e tw  svents  are  prEzented I aa
invariant-latitude v1 megnenic local {1me ey rAD . A
rotational raveisal with xelgtivelr strong northeard d-lit+s

can be recognized fur the pronn evert
for the &afternuun cvent rhab 19 &y
obseryvation 2 above.,

Fags. oba and 5k shuew the asrstiw

irregularity drvifts, 3z casepvei by

during “he afternoon aid nosas  ewrnts
vizTinity of the Jomvelclne Lavs

afternoon evert, ¢h: ractawsod v
expected for

the dr.ft wvas

a siear {louw reversal,

nonsiderably
rotational flow reversai. A rCiasl
seen Letwean the rorkei anc radesr obs
of closest approach botween the two

shaded area.

In Pig. 7 are shown the elactron deas
deduced from the langoiir aweens of
ncon flight. The eslectron

altitude

denaity
variation with an F-region
seen close to 400 km altitude during
T, from sbout 2000°K tc 3900°K ran
cof the flight, within the po.ar cap.
flight 1 have not yvet been evaluated.

javger.

and a shear £1low reversal

egisive lepnt Aesarioricn of

ped  compouent af the
the Sacha Horbour radar,
. rezpectively. 1n the
caal  souyndazv,  For  the
it was verr small as
while For the noon evert
Consistenn with 2
ey Goud Agieenent can be
regiar

exvations 1m ths

thet is5 ndlcated by the

iy ané temperaiuxe  as

the RIT experiuwent on the
refiects an

peak of about 5 3011 m~3,

variation

the upleg. An increase in
be =zeen ir the later part
Corresponding deta forx
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RE-2 observations

In Fig. 8a the DE-2 perpendicular ion drifts are shown from a
northern hemisphere crossing hetween 1.15 UT and 1.25 UT on
December 1 shortly before the launch of the CENTAUR 35.001
rocket at 01.38 UT. A pronounced region of sunwaré convection
on the duskside accompanied by somewhat more structured
antisunward flow in the pclar cap 13 seen. The division
between plasma circulating around the dawnside and around the
duskside marked by the location of a "zerc potential” line
occurs close to the noon midnight mexidian and the maximum and
minimum potentials of +3 kV and -15 kV observed by DE-2 occur
at 82° and 79° invariant latitude, respectively. By . comparing
with the ExB/B2 drift vectors calculated for this flight, as
shown in Fig. 5, one notes that the rocket and satellite
trajectories almost overler close +to the the dusk reversal
boundary, and that its location agrees well Detwszen the two
datasets. This 1is more ciearly seen 10 Fig. 9, showing the
DE-data together with the sunward component of the CENTAUR
driftvectoxs, which have been projected to DE trajectory along
circles of constant invariant latitude. Note that the cbserved

drift patterns are very simila

4]

although a poleward shift of
0.5 to 1 degree can be recognhized durxing the twenty minute
interval between the DE and the CENTAUR observations. Such a
shift 138 consistent with a shrinking polar cap that might be
expected for the observed change in the IMF B, -~component from
south to north, taking place roughly one hour before the
rocket launch. Relatively samall drift velocities prevailed
along the entire dawn-dusk meridian during this flight.

In Fig. 8b the perpendicular ion drifts are shown for a DE-2
crossing between 22.25UT and 22.45 UT on December 13, shortly
before launch of the CENTAUR 35.002 rocket at 22.54 UT. A
two-cell convection pattern of a more common form can be
recognized for this event with antisunward flow in almost the
entire polar cap region between invariant latitude 75° ana 76°
on the dawn and dusk side respectively. The flow velocities
were obviously larger for this event, increasing f£rom the dawn
to the dusk side.
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Due to the good data covarage by the rocket close to magnetic
noon and by the DNE-2 sstallite 1in 7roughly the dawn-dusk
meridional plane, separated in tiae by less than 30 minutes, a
detailed picture of the dayaide convection pattern can be
inferred. In Fig. 10a the high-latitude region above invariant
latitude 70O from Fig. 8b has been enlarged and supplemented
in the following way: Points of egual potential integcated
from the rocket and satellite dete along their respective
trajectories have been joined under the assumption that the
convection reversal boundary is almost an equipotential; and
with the requirement that the drift vectors are tangential to
the equipotential surfaces. The latter requirement can be used
only on the rocket data since the longitudinal component of
the DE-2 drifts is missing. Thus, there is 3still some
uncertainty about the exact orientation of the egquipotential
surfaces along the satellite path although they are sccurately
located. It can be dgeen that the dayside pattern i8
charactexized by cresceat-sinaped convection ¢ontours in the
dusk cell compressed towards noon with a reversal boundary
potential of about ~-317 kV and a potential distribution in the
dawncell indicative of an anticlockwise circularshaped flow
pattern with a reversal boundary potential of about 13 kV.
Assuming the convection reversal boundary forms a circle
passing through the dawn and dusk raversals at invariant
latitude 76.°5 and 75° respectively given by the DE-2 data and
the rotational reversal at 77.°2 close to nooa given by the
rocket data, the polar cap radius becomea about 14.6° with a
centre shift of 2°
picture of the dusk cell is shown in Fig. 10b.

towards magnetic midnight. A more detailed

5. Discussion

The high-latitude convection pattern is known to respond
sensitively to variations in the interplanetary magnetic
field. Any fruitful attempt “o picture the instantaneous large
scale convection pattern requires geophysically stakle
conditions over a pericd which exceeds both the typical

response times for changes 1iu the IMF and the data-taking
periods. Since these t.imes ale tynically 30 min. hare and
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since it was geomavnatically guiet foy 2everai hours prior to
launch (cf. Figs. 1a aad 1b' and the TMY was stable for more
than one hour (<of. Figs. 24 and 2b; for both events the above

requirement was reascnably well fulfilled.

For both events the IM? Bv«componant was negative {(cf. Figs.
2a and 2b). Wwhen the TME Bz~ccmpcnent 18 nayative Lhe above
condition is known to produce ar asymoetiy n the convection
pattern such that electyic field maxima oocur on the dusk side
0of the northern polax <ap and the dawn side of  the  3jduthe=rn
poliar cap, as shown by <. a Heppner (13760 4nd Mooey (13745
This asymmetry is clearly evidernt .n ¥fig. 8b or ¥Fig. Qa
showing an increaze .n tne drift velooisias fyon the dawn o
the dusk gide. The warinum puotential on ths dosk gide was -5
kV for the December - event and -37 &V foxr trne Decempoy 13
event and the correaponding valuea o ohs dadn s .da wwoe +3 g1V

and +13 kY. inferrzd fzou +he integraiion ol e DY

£

data,

The enhanced sleciron temperature of 30007K observed by the
rocket within the polax czp (cf. Fig. 7) mav be retarvred Lo the
intense electric field:s reaching 110G pV/wm and corresponding

intense drifts within this egion.

For the December 1 event, good agieement bketweoen the rocket
and satellite ueasurcments of £ ¥ B Arift isg ohizined in the
duskside auroral 2zone. The characterizetion of a global
convection patctern is made dGifficuit by the northwozd HF
conditions prevaiiing for this event and by the Ffact that the
rocket and satellite data were taken a1n  about the same
location. Several) fratures are worthy of note. The conveciion
signatures are gerngrally consistent Wwith twe convaction cells
Wwith sunward converction in the auroral zones bhoth on  tne
dawnside and the duskside, In the palar cap, identified by the
absence of plasmashest e¢lesctrons observed won DE-2, the
convection is extremely striactured but has a small antisunward
component,
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For the December 13 eveat « mucihy cleazer and more easily

characterized signature of the c¢onvection patétern 18 seen.

This is possibly due to the fact that the IMF was here almost

entirely directed toward dawn. In this pass the two coavection
cells appear to occupy about the same area on the dayside but

crescent-shaped flow contours axist only for the highex

negative potentials on the dusksiJe. He note +that =2t feast

} ,i some of the rxotational reversal region seen by the vocket
;; existe on the duskaide of iacal nooin.
ﬁ‘ The general flow pattexns may be understood in terms 1Y a
i geometrical model by Crooker 1%7%) Fig. 11 is & zeoroduciion
3 of Fig. 5 in this paper showing predicted polay «ap convecticon
: pattarns for wavious oOrtentaticns of IME in the y--z plana,
attributable to nerying of erntiparzile! field Lines,
y
The predicted pattern for the Decomber 1 ovant iuvolwves onply
one cell circulating ooungiswely withln =zhe po2lar cap. We
cannot of conrse :fule ouh suth & peesitility gaincse  the
convection velocities involved may be cmall and efiremely
| structured. MNeverthejsas, the most preainend featuvres include
\ two convection cells that include sunward convection in the
\ dawn and dusk aurcral zenrz. The eloocrostatic potent:ials

associated with these cells are guite small and could be
attributable to additicnal viseous Lnteraction processes

operating at the magnetopause (Crookexr, 13775 .

For the event of December 13 the predicted and observed
convection patterns azie more consistent. The crescent-shaped

»,

convection contours on the duskside are congistent wWith hoth

dayside merging and viscous interactisn, and we h&ve not
distinguished the relative importance of these mechanisms. On
the dawnside the transicjion from aunward o artisunward flow
is very structured and some small regions of sunward flow may
exist within the polar rap as required by the model. It
appears, however, that most of the £low i3 attributable *to

dayside merging even in thiszs rather extreme orientation of the
IMF.
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In a similar study Heelis et al. ('983) gresent, o basis of
radar and satellite observations, instantanecuys pictures cf
the convection patterns for g2ix events when the IMF
By~conponent instead W&S positive. Az expected the
characteriastic shapes of the dawn and dusk cells were reversed
fitting qualitatively with the predicted patterns shown in
Fig. 11 for various positive I1MF By—crientations, The multiple
observations covered essentiazlly the entire nightside from
local morning to local evering but rot the afiernoon sector on

which we have concentrated in the present atudy,

To summarize, there is 3strong evideace in favcur of the
geometrical model by Crooker (197%), boil from the dayside
convection patterns observed in this study for IMF BY < Q0 and
from the satellite~radar study by Heelis ei gl. (1983 for IMF
BY > 0.

An attempt was 3iso mace = reproduce thes instantaneous
dayside pattern drawn in Fig. 1¢ by ficving he model
parameters in thes convectiocn medel by Heells at ai. (1982). I+
was then founé nscessarvy to introduce sames modificsetions in
the model. For example, the dusk c¢eli is, aiccrding to Fig.
10, more compressed close 1o magietic aoon than it is at dusk,
especially poleward of the reversal boundary. By intxroducing a
local time dependence for the electric field decay index
describing how rapidly the f£fi=ld decays away from the reversal
boundary this could be accounted for. An exponential increase
in the decay index r, from about 2 at dusk to 5 at noon was
found to reasonably well reproduce the obzerved pattern.

7. Sonclusions

In this study a combination of electric field observations on
two CENTAUR rocket flights in the polar cusp, ion drift
observations on the DE-2 satellite along the dawn-dusk
meridional plane and irregularity drift observations from the
Sachs Harbour radar have been used to infer details of the
electric field and <the coavection pattern of the dayside
auroral ionosphere, during two geomagnetically auiet events
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when the IMF Bywcomponent was pegatlive. The regnuits can bs

summarized as follows.

On December 1, the same region, with a shear flow reverxrsal,
was traversed first by +the DE-Z satellite and twenty
minutes latex by the 35.001 rocket. The drift paiterns
observed by the two gpacecrafts were very similar althcuagh
shifted by 0.5 degrees, a shift which is expectzd from the
previously cbhsarved change in ths IMF Bz»conpanant,
Additional evidence that the rewversal is of the shear 1ype
and not the rotational +4ype 1is given frowm simultaneous
radar observations >f almost negligible northwaerd drifts at
the reversai boundary.

On December 13, a xeygion witp & rotatioual flow reversel
centered around 77.%5 was traversed by the 35.002 rocket
close to magnetic ncon, sz the DE-2 satellite paased over
the dawn and dJQusk revexrsal Lpoundaries at 05.30 MLT and
16.30 MLT respectively. Intense ncrthward drifts as
observed by the Sachs Harbouxr redar at the reversal
boundary serve as additi nal evidence that the reverzal is
of the rotational tyvpe. A detailed picture of the
instantaneous dayside convection pattern could ke drawn by
joining points of egual potential integrated f£from the
rocket and satellite  data, The result showa a
crescent-shaped dusk cell convection contoirs compressed
towards noon and a more circular shaped dawn cell.

This detailed dayside pattern for the December 13 event and
that inferred gqualitatively for the December ! event are
shown to be generally consistent with those predicted from
a geometrical model by Crooker (197%9) fcr the given:
IMF-orientations with By negative, The addition of
convective flow from a viscous intexaction type mechanism
is required when the IMF has 8 northward componant., The
same characterastic shapes but with the Jusk and dawn cells
reversed, as presented in a recent ralar-satellite study

for By > 3, may g2rve o6 A8diticonal eviderce in favour of
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this podel

—ti

4. In corder to xeproduce toa avaide convection pattern
presented above using tihe convaction modei by Heelis gt al.
{1983) it was found necessary to i1ntroduce a local-time
dependent electric field decay index increasing

exponentially towards noon.
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Eigure cavtions

Fig.1

Fig.2

Fiq.3

Fig.4

Fig.5

Fig.6

Fig.7

H-component of the ground magretic disturbance as
reasured by the Alaska meridiah chain of magnetometexs
during a) the Dec. 1 event and b} the Dso. 13 event.

The shaded areaz reypresent the flignht perinds.

Projectionus +o the y-z sad x-y »
interplanetary wmajneitic field ar gagived drem (8EE-T

during a) the Tec. 1 gvent and &) ths Dec, 12 overi.

Horizontal electyric fizld components ws flight fipe
{s), altitude ‘xx) and uasversal time in & coordinate
system with local gecragnetic nocrth 36° clockwise of
geographic north. Derived from the kIT 2xperiment on &)
CENTAUR 35.C071 on Dec. 1 and D} CERYADR 3% .0G2 on Dec.
13.

Vectcer repressntatici of vhe results pragentsd in Fig.
3 along th2 GC ke magnetis footpoant of the rocket al
35.001 o Dec. 7 and ) 25.002 on D20, 33,

. 2 . . .

‘5 x‘g/B drifts corxresponding to the electric fiexd
observations presented in Figs. 3 and 4 plotted in an

invariant latitude vs magnetic local time diagram.

Geomagnetic northward component of the irregquiarity
drift as measured by the Sachs Harbour radar during a}
the Dec. 1 event and b) the BDec. 13 event. For
comparison the correspending drift component calculated
from the rocket electric field data has been included.

Electron temperature and eiectron density wvs f£light
time, altitude and universal time as dcduced from the
RIT Langpuir sweers on flight 35.C02, Dec. 12,



Fig.8

FPage 19

The perpendicular iton drifc velocity measured by the
DE-2 satellite a) between 01.15 and C!1.3% UT oa Dec. 1
and b) between 22.2% and ¢2.45 OT on Dec. 13. Aisc
indicated are the potential distributions zlong the
respective trajectories, as integrated frum the DE-2

Jdata .

Comparison of the aunward drift component observed on
DE-2 and CENTATR 35.001 in the dusk hzmigsphere aroupd
01.40 VT on Dec., 1, 1981. For explanation, see text.

Fig.10a An instantanecus picture c¢f the dayside convection

pattern as inferred from the integrated CERTAUR
electric field and DE-2 ion drift observaticns around
23.00 UT on Dec. 13, 1984. The estimated polar cap
location is also indicated in the figure.

Fig.10b A detailed picture of the convection contours 15 the

Fig.11

dusk cell, wresented in Fig. 10a.

Reproduction of Fig. % in a paper by Croocker (1979)
showing predictad polar cap conveation patterns in the
dayside northern hemisphere, viewed from above, tfor
various orientstions of the interplanetary magnetic
field (IMF) in the y-2z plane, attributable to wmeraing
of antiparallel field lines. The shaded regions are
convection gaps. The IMF-orientation during the two
events discussed here are also inserted in the figure.
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taunched 01.38.01 UT dec 1, 198}
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1800

ExB[B2 ‘drifts calculated from the RIT DC electric field observations

on CENTAUR flights 35.001 (01.38 UT, dec.1) and 35.002 (22.54 UT, dec.13).
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ROCKET AND SATELLITE OBSERVATIONS OF ELECTRIC F1ELDS AND ION
CONVECTICN IN THE DAYSIDE AURORAL 1ONOSPHERE

G. Marklund and R.A. Heelis
June 1984, 31 pp. incl. illustr., in English

Electric field observations from +two high-altitude rocket
flights in the polar cusp have been combined with satellite
observations of ion drifts to infer details of the electric
field and convection pattern of the dayside auroral
ionosphere. A region cf shear flow reversal can be inferred
from the electric field observations on one flight near 15.30
MLT 20 minutes after the Dvnamics Explorer 2 satellite crossed
through the same region. The drift parterns observed by the
two spacecrafts were very similar although shifted by 0.5
degrees, a shift which is expected from the observed change in
the interpisnetary maegnetic fiald (THF} Ez component during
this time. A region »f rzotational flow reversal was covexed by
the cother flight shcortiyv afer magnotic noon, at the same time
the DE-2 satellite trave:led along roughly the dawn-dusk
meridian. By joining points of egual poterntial, irtegrated
from the two datasets and assuming the reversal boundary to be
an equipotential, the iastantaneous convection pattern could
be drawn showing <rescent-shaped convecticn contours in the
dusk cell and more circular shaped éontours in the dawn cell.
In order to reproduce this pattern using the convection model
recently proposed by Heelis ef al. (1982} it was found
necessary to introduce a local-time dependence of the decay of
the electric field with distance from the reversal boundary.
Morecver this pattern is shown ¢o be qualitatively in
agreement with the predictions of a geometrical model by
Crooker (1979) when the IMF is oriented towards dawn. The same
characteristic patterns but with the dusk and dawn cells
reversed, as presented in a recent radar-satellite study for
the IMF oriented towaxds dusk

Keywords: Convection pattern, Flectric 'fields, Polar cusp,
Rotational reversal, Shear reversal,




