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ABSTRACT. 

This report presents a study of the -Hare-related coronal 

transient of Nov. 27, 1979, with the resulting interplanetary 

(IP} shock and the associated auroral and magnetic effects that 

were observed fram the ground 72 hours after the initial coronal 

brightening. The observed disturbance of the interplanetary 

magnetic field (IMF) resulting from the coronal mass ejection is 

discussed in relation to a model discription of flare—related 

perturbations of the solar current sheet. The power transfer from 

the solar wind to the magnetosphere did not rise above the 

threshold value for magnetospheric storm triggering in this case. 

Thus, the IP shock was not fal lowed by a major storm. Howevor, 

distinct signatures related to the IP disturbance were observed 

in the polar cusp aurora above Svalbard and in the lccal magnetic 

field. The dynami cal behåvi our of the cusp aurora i s di scussed 

in relation to different models of plasma transfer across the 

dayside magnetapause, from the shocked solar wind to the magneto-

sphere. A detailed analysis of the available information from 

interplanetary space and the ground indicates that the main 

auroral dynamics observed in this case are related to localized, 

impulsive plasma injections associated with flux transfer events. 
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1. INTRODUCTION 

It has long been known that a solar flare causes a consider— 
able disturbance in interplanetary space that may trigger 
geomagnet i c storms. The detai1ed physi cal rel ati onship behi nd 
this empirical fact is one of the outstanding topics in solar— 
terrestrial physics. 

Essential to this solar-terrestrial relationship is the 
solar wind—magnetosphere coupling. How this interaction and the 
associated energy transfer depends on solar wind parameters and 
the interplanetary magnetic field (IMF) has been widely investi
gated duri ng the 1ast decade <e.g. Perrault and Akasafu, 1978; 
ftkasafu, 19B1; Lee and Roederer, 1982; Vasyliunas et al. 1982). 
The changing power input to the magnetosphere corresponds to 
different levels of magnetDspheric/ionospheric energy dissipa
tion, ranging from the ground state magnetosphere (*** 1 0 1 0 W) via 
substorm activity (> 10** W) to major storm activity (> 10* a W)„ 

An approximate expression for the rate of energy input from 
the salar wind is the E-function introduced by Perrault and 
Akasofu (197B): 

(la) e ~ v B= sin* (G/2) jb «= 

where v is solar wind speed, B is the IMF magnitude, 6 is the 
IMF latitude angle, Z o = constant C7- 7 R c>. Expressed in terms 
of IMF components in the geocentri c sun—magnetosphere coordi nate 
system (GSM) we have the following formulas: 

(lb) e = 1/4 v {(B T - Bz)> z - /«=* 

(lc) ElW) ^ 6-10* v (km/s) C(B-r-Bz> (nT) >* 
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2 2 1/2 
where B T ~ CB V

 + B* ) . It is seen that the IMF north-south 

component B2 is of major importance for the solar wind-magneto-

sphere interaction. Thus, the degree of perturbation of the 

magnetosphere associ ated wi th sol ar f 1 ares depends strong1y on 

the three-dimensional structure of the solar wind disturbance. 

Akasofu (1979) suggested that the flare-generated solar wind 

di sturbances cause a temporal deformati on of the solar current 

sheet and associated changes of the IMF latitude angle 6 <cf. his 

Fi g. 4). Deformations invol ving large negati ve values of >MF B* 

shDuld gi væ ri se to 1 arge values of the E—function and thus 

geomagneti c storms, according to formul a Cl). Afcasofu C19B1) 

found that a f1 are-generated geomagnetic storm is often associa

ted wi th a temporal north-south movement of the solar current 

sheet, crossing the ecliptic pl ane. He also showed that a 1 arge 

magnitude (B) of the IMF caused by the interaction between a 

f 1 are-generated hi gh speed stream and a si ow stream is an 

important parameter i n causing a large E—value. Intense geomagne

tic storms were shown tD develop only when IMF B z has a large 

negati ve value and thus when E becomes greater than "̂  I O 1 2 W at 

the ti me of passage of the current sheet. 

In this study we pay attention to one case showing a flare-

related coronal transient and its interpianetary and terrestri al 

effects. Observations made on Nov. 27, 1979 by the satel1 i te-

borne caronagraph Solwind, the first optical recordings of a 

coronal transient directed toward the earth, are reviewed in 

Sect. 2.1 The interplanetary shock resulting from this transient 

was detected from different spacecrafts such as ISEE-3, ISEE-1, 

and IMP-B (cf. Sect. 2.2). Effects observed in the geomagnetic 

field and in the dayside cusp aurora above Svalbard are described 

in Sect. 2.3. Before presenting these observations some intrpduc-



tDry remarks are gi ven on coronal transients and their relation-

shi p wi th -flares and interpl anetary shocks. 

Coronal tran si ents (** 1-2 hr duration) have been character

ized as the more apparent changes that are observed (usually by 

white light orbiting coronagraphs) between one quasi-steady 

coronal state and another (Dryer, 19B2). White light coronagraphs 

observe photospheric emi ssions scattered (Thomson scattering) by 

•free electrons in the corona. Mass ejections associated with 

coronal transients <CMEs) can be classifi ed in terms Df the 

•fol 1 Dwi ng three categori es (Dryer , 1985) : 

a) Visual appearance (loop, -fan, spikes, halo, etc.) 

b) Distribution of speed, angular span, mass, ki net i c energy, 
etc. 

c) Internal structure via electron density. 

The contribution of CMEs to the observed interplanetary mass flu* 

has been estimated to be ~ 57.. Munro et al . (1979) found that 40V. 

Df the coronal transi ents were associ ated with f1 ares, 50X wi th 

eruptive prominences having no apparent flare associ ation and 7 0 % 

with eruptive prominences or disappearing Ha filaments (with or 

wi thout f 1 ares). The coronal transients caused by sal ar f 1 ares 

are mani festati ans of energy releases withi n the range 1 0 a z -

1 0 " J. 

Coronal mass ejections do not neeessari 1y produce shocks. 

According to Rust (1983) mass ejections moving faster than, 400 

km/s are generally associated with shocks. Other sources of 

shocks observed at 1 AU are dynamical processes in interplanetary 

space such as the interaction of fast and slow wi nd streams. 
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2. OBSERVATIONS 

2.1 Coronal observations 

The -fol lowing is a short decryption of the coronal transient 

on Nov. 27, 1979, as reported by Howard et al. (19B2). The event 

was observed with the Naval Research Laboratory's white-light 

coronagraph, Salwind, on the Department of Defence Space Test 

Program satellite P78-1. This instrument images the sun's corona 

•from about 2.5 to 10 R@ with an angular resolution corresponding 

to l\25 per pixel (cf. Michels et al. 19B0). 

A halo of excess brightness completely surroundi ng the in

strument's occulting disk was observed to propagate radially 

outward in al1 directions from the sun (cf. Fig. 1). The projec

ted radius increased from 4 Rø to 8 R@ during the interval 0B32 

— 0958 UT. This earth-di rected coronal mass ejection originated 

wi th the sudden disappearance Df a large filament (0540 - 0703 UT 

Nov. 27) and a relatively minor solar flare at 0647 UT. Fig. 2 

gives a height-time diagram of the leading edge of the pattern. A 

constant outward speed of ~ 600 km/s is characteristic of all 

position angles. An esti mate was made of the hel i ocentri c angle 

of the emi ssion cone of the transient. Assumi ng a constant speed 

and that the boundary of emission formed a cone of constant 

angular speed, centered on the sun, a frontal speed of abDut 1160 

km/s and an angular spread Df 27= between the edge of emi ssi on 

and the center of the cone were inferred (cf. Fi g. 2) . 

2.2 Interplanetary observations 

The coronal transient was the source of an interplanetary 

shock that reached spacecraft ISEE-3, located at the libration 

point *** 250 R c upstream of the earth, at 0649 UT on Nov. 30 (cf. 
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Fig. 3). The shock signal was detected -from ISEE-1, in the 
vicinity of the earth's bow-shock, at **• 0735 UT (Fig. 3) and a 
sudden impulse (SO in the earth's geomagnetic field occurred at 
073B UT (cf. Fig. 5?. 

Assuming that the shock front moved along the sun-earth 
1ine, a shock speed at ISEE-3 of 410 km/s was calculated. The 
transit times from the sun tn ISEE-3 and -from ISEE—3 to the earth 
corresponds to mean velocities 560 km/s and 420 km/s, respective
ly. This indicates that the shock must have decelerated in going 
frDm the sun to the earth. 

The decelerati on associated wi th the radi al expansi on of 
shacks has been described by a power law of the form v" - V Q r—", 
where n varies between 0.3 and 0.4 (cf. D'Uston et al., 1981). 
Fitting the Nov. 27-30 coronal and interplanetary data, Howard et 
al. (1982) obtained V D = 19B0 km/s and r = 0.294, giving a shock 
speed of 1000 km/s at 10 R 0 . This is in good agreement with the 
esti mated frontal speed of the transient (cf. Fig. 2). 

Figure 3 shows the signature in the interplanetary magnetic 
field of the shock. The IMF amplitude at ISEE-3 jumped from 8.3 
to 21.2 nT. A very similar effect is seen in the ISEE-1 magneto-
gram *** 45 min later. Another spectacular change in the IMF 
occurred B5 min after the shock arrival, when the IMF B>-
component shifted from positive to negative pol ari ty. 

Figure 4 shows solar wind plasma data from spacecraft IMF-J. 
A rather slow (299 km/s>, high-density (34 c m - 3 ) wind was 
observed at the time of the shock arrival. The corresponding 
values downstream of the shock are 371 km/s and 99 c m - 3 (ISEE—3 
measurements 1 i sted i n Kennel et al., 1982). The ion temperature 
was enhanced from •*• 2-10* K to "** 7-10* K at the shock arrival 
(Fig. 4). 
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2.3 Ground-based observations. 

ila an etic signatures. The arrival of the interplanetary shock 

was -followed by a geomagnetic sudden commencement (SO at 0738 

UT. Figure 5 shows the signature of the BC at the ground stations 

Ny Ålesund, Hornsund, and Tromso. Station coordinates are listed 

in Table 1. 

This SC was detected by spacecraft MAGSAT on its southbound 

orbi t above the Southern Atlanti c Ocean. The global i onospheric 

current system for the preliminary impulse of the SC is discussed 

by Araki et al. (1962) based on combined MAGSAT and ground data. 

MagnetDgrams from auroral stations near the midnight meridian 

show that the SC occurred just after the beginning of the 

expansion phase of a substorm (Araki et al., 1982). Magnetograms 

from the Alaska chain of stations are shown in Fig. 10. Another 

phenomenon to notice in Figure 5 is tĥ .' general modulation of the 

magneti c fi eld of the cusp region by the IMF B Y component. 

The rel ati ve amp1 i tude of di sturbance in the H component at 

the two stations Ny Alesund and Hornsund changes as the aurora 

moves i n lati tude between these stations. Between 0800 and 1000 

UT the largest response (AH/IMF B v> is seen at Hornsund, when the 

center of the aurora is close to that latitude. Between 1000 and 

1200 UT the belt of luminosity extends to higher latitudes. This 

change in auroral extension is accompanied by an increase in the 

ratio AH/IMF B v at Ny Ålesund. A typical value of this ratio when 

the aurora is nearly overhead is 5. 

Optical signatures. The first signature in the midday cusp 

aurora following the sudden commencement was enhanced intensity 

of the emissions at 427.8, 557.7 and 630.0 nm at 0740 UT (cf. 

Figure 6). The maximum intensi ty of the dominating emi ssi on at 

630.0 nm i ne r eased from below 1 to *** 5 kR. Dur i ng the next I"* 
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min-, -from 0741 to 0756 UT, the aurora was very stable in 
intensity, -form and location. 

The main intensification during the whole midday period 
occurred at 0757 UT, when a bright red corona of visible inten
sity was switched on (c-f. Figs. 6,7,8,9). During the following 5 
min. (0757 - 0802 UT) the bright form moved poleward with an 
average drift speed of *** 750 m/s. A maximum intensity of 40 kR in 
the red line was reached at 0B02 UT while the green line <cf. 
Fig. 7) was generally decreasing in intensity after the initial 
intensification at 0757 UT, with a maximum of 2 kR. This trend 
was i nterrupted by two mi nor transi ent enhancements at 0759 and 
0802 UT. Typical intensities of the midday cusp aurora at 630.0 
nm are a few kilorayleights (kR), with the ratio 1630.0 nm/I557.7 
nm > 2 (cf. Deehr et al., 1980). 

Inspection Df all-sky camera pictures from Longyearbyen 
(Figure 9) confirms the photometer data in Figure 6 showing a 
splitting of the auroral luminosity during the period of intensi
fication, with the northernmost farm moving poleward. Also notice 
the westward moti on of this auroral structure. Intensifications 
and associ at erf poleward expansions simi lar to that between 0757 
and 0802 UT, although not that bright, were abslerved duri ng the 
following intervals: 0812-0B17 UT^ 0B20-0S24 UT (cf. Fig. B ) , 
0B59-0904 UT, 0910-0916 UT, 0921-0926 UT, and 0928-0934 UT. 
Notice that five minutes is a typical time for each luminosity 
burst. 
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3. DISCUSSION OF THE NOV. 27-30, 1979 CASE 

3. 1 Interplanetary and magnetospheric 
responses to a coronal transi ent 

As an introduction to the case under investigation here we 

refer to Hakamada and Akasofu (1982), who made a three-dimensio

nal simulation of the solar wind disturbance in response to solar 

f1 ares. Essenti al to their model is the following two character

istics of the flare-generated high speed stream, specified at a 

radial distance of 2.5 Rø (cf. their Fig. 2.7>: 

i) Time variation of speed at the center of the circular source 

region at the magnetic equator: VF=V ete"*
/T. 

i) Total speed in the central source region: vVi=VV+300. (300 

km/s i s the background speed at the magneti c equator). 

Using the val ues v"M = S00 km/s and x = 12 hr the interpl ane-

tary shock is passing the earth's orbi t at the end of the second 

day after the flare. The effect at 1 AU is (cf. their Fig. 2.18): 

i) Solar wind speed increase, 

i i) Number density increase, 

iii > IMF magnitude increase. 

i v) IMF B z polarity change. 

v) IMF B v polarity change. 

We notice that a qualitati vely si mi 1 ar response is observed 

in the Nov. 27-30, 1979 case (cf. Figs. 3 and 4 ) . 

It is assumed t!tat the flare may push up or down the sol ar 

current sheet temporarily, i.e. for a few days or a few hours 

only (cf. their Fig. 2.25). This deformation of the current sheet 

is then responsible for the IMF B z and B v polarity changes. The 

May 15-16, 1972 case (their Fig. 2.25a) shows si mi 1ar behaviour 

in solar wind veloci ty, IMF magnitude as wel1 as B z and B v 

components at the time of shock arrival, as i n the case reported 

here. In the farmer case the power i nput from the solar wi nd to 

the magnetosphere (e-function) increased to ^ 7 «10 1 3 W, wel1 
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above the threshold -for geomagnetic storm response. On Nov. 30, 
1979 no major storm occurred. The Dst index was at a level o-f + 
IB nT during the event. The Kp index was 5° and 3~ during the 
intervals 06-09 and 09-12 UT, respectively. The observed values 
o-f solar wind velocity and IMF components at the time of shod 
passage correspond to E ^ l-10 i a W, which is close to the 
threshold for geomagnetic storm triggering (cf. introduction). 
Thus, we may conclude that the !?.3wer transfer from the solar wind 
associated with the interplanetary disturbance was just below the 
value needed for a major storm to occur. Substorm activity was 
already in progress at the time ot the shock arr i val <cf. Fig. 
10) . 

When di seussing the present coronal and interplanetary 
observations in relation to the Hakamada and Akasofu si mul ati on 
study one should be aware Df the 1 imi tations of this model. Many 
questions related to coronal transients are still unsolved. How 
are transients triggered ? How and where is the energy released ? 
What is the role of the magnetic topology and how does it 
develop? Does magnetic reconnect!on play a key role ? The 
observations proposed on SDHD from the inner corona into the 
solar wind may provi de sign!f i cant progress towards the under
standing of these problems (cf. SOHO, ESA-report 19B5). 

3.2 Auroral signatures of plasma transfer events 

The auroral spectral composition during 0757-0002 UT (cf. 
Fig. 7 ) , i.e. ** 30-40 kR at 630.0 nm (red oxygen 1 ine) and ^ 1-2 
kR at 557. 7 r-i"n (green oxygen 1 ine) i ndi cate a large con tri but i on 
to the 01('D) state from thermal excitation at high F-region 
altitudes (cf. Roble and Rees, 1977; Wickwar and Kofman, 19B4; 
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Robinson et al., 1985). 

A time delay of 19 min between the sudden commencement 
following the IP shock and the main optical intensification (cf. 
Fi g. 6) corresponds to a typical f 1ow ti me of magnetosheath pi as
ms from the subsolar magnetopause to the cusp. These observatior.b 
strongly indicate that the IP shock was followed by injection of 
an intense flux of low-energy (< 100 eV) electrons from the 
magnetosheath into the pol ar rusp region of the magnetosphere. 

It is generally recognized that the plasma penetration 
across the dayside magnetopause shDuld be a highly vari able 
process, due to the dynamic nature of the shocked solar wind 
i.ipinging on the front Df the magnetopause, i.e. irregularities 
in plasma density and magnetic field <cf. Schindler, 1979). This 
has been confirmed by in situ measurements from satellites (e.g. 
Sckopke et al., 19S1). The piasma transfer mechanisms are 

i nti mately related to the electrodynami c coupling const i tuting 
the power source for Taanetospheric plasma convecti on (e.g. 
Cowley, 19B2 and 1984). Di fferent mechani sms for pia&ma transfer 
are: (cf. Paschmann, 19B4): 

1. Impulsive penetration events (IPEs): Direct entry of plasma 
blobs (Lemaire, 1977; Lemaire et al. , 1979; Heikkila, 1982; 
Lundin, 1984). 

2. Quasi steady—state reconnect!on events (QSRs): Plasma entry 
by reconnecti on of i nterplanetary and magnetospheri c 
magneti c f i eld 1 i nes in a quasi steady-state/large-scale 
process (Paschmann et al., 1979; Sonnerup et al., 1981; 
Aggson et al., 19B3, 19B4). 

3. Flux transfer events (FTEs): A transient and smal 1-scale 
reconnection process (Russell and Elphic, 1979; Rijnbeel et 
al., 19B4; Saunders et al., 19B4; Lee and Fu, 19B5). 



13 
4. Viscous diffusion: Plasma entry into a magnetically closed 

magnetosphere due to viscous interaction at the magnetopause 
(e.g. Eastman et al., 1976). 

5. Gradient Drift Entry (GDE): Plasma entry into a closed 
magnetosphere due to gradients in the magnetic field. This 
process injects plasma into the equatorial flanks and into 
the high latitude dayside, separated according to the charge 
on the partiele. This results in a charge buiIdup along the 
flanks of the magnetotail and the sunward face of the plasma 
mantle. The latter condition may be the process which leng
thens the cusp into a cleft (01 son and Pf itzer, 19B5). 

The detailed role of the polar cusp in the piasma entry 
mechanisms i s not clear. Borne important tasks for future study 
are (cf. Faschmann, 1984): 

- Formation and evolution of f 1 ux transfer events. 
- The relative importance of quasi-steady-state and impulsive 
reconnecti on. 

- Processes and three-di mensional structure of the polar 
cusp region. 

- Electromagnetic effects in the ionosphere associ ated with 
the polar cusp. 

Satel 1 i te measurements permi t only rough estimates of seale 
sizes and recurrence rates of the dynamic phenomena in question. 
However, the properties of FTEs at the magnetopause documented by 

satellite data may be summarized as follows (Rijnbeek et al., 
19B4; Berchem and Russell, 1984; Sckopke et al., 1981; Saunders 
et al., 1984; Cowley, 1984; Lee and Fu, 1985): 

- Strang IMF dependence. 
- "* 2 min duration. 
- <v- 7 - 10 min. intervals. 
- An average of 4 FTEs are seen per pass on each si de of the 

magnetopause when IMF B z < 0. 
- The er oss secti on of the open f 1ux tube associated with 
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the FVE is typically 1 R* a at the magnetopause. (This 
corresponds to a 200 km latitudinal extension at iono
spheric altitudes.) 

- Twisted magnetic -field lines are observe» in the open 
flux tubes at low latitudes near the dayside magnetopause, 
indicating the presence of field-aligned currents. 

- The reconnected flux tubes contain a mixture of magneto-
sheath and magnetospheric plasma. 

- Boundary layer plasma within reconnected flux tubes often 
occurs as a series of 1-3 min. pulses. 

Expected signatures in the dayside aurora of plasma transfer 
events (FTEs) may be inferred from the ISEE and AMPTE satellite 

observations. Expected effects of flux transfer events <FTEs) in 
the polar cusp aurora are (Cowley, 19B5): 
- Rapid expansion of luminosity equatorwards from the existing 

cusp auroral display as the FTE is formed and then drifting 
polewards at speeds of "" 500 ms" 1. 

- Luminosi ty di sappearing after 5-10 min., when the flux tube 
has entered the tail proper. 

- Lumi nosi ty having a spectrum of scale sizes with the largest 
being several 1O0 km across. 
According to the impulsive injection concept discussed by 

Lemai re (1977) auroral lumi nosi ty should fi rst appear i n the 
northern part of the exi sting auroral display, corresponding tD 
the plasma blab entering the subsalar low-latitude boundary layer 
from outside, and subsequently move southward when the blob is 
penetrati ng the boundary layer (cf. Soertz et al., 19B5, their 
Fig. 1). This behaviour is in conflict with the poleward drift of 
the transient structures which are reported here. 

An alternati ve interpretation is that the magnetosheath 
plasma is injected i n the vicinity of the cusp (e.g. the entry 
layer). After accessing terrestrial field lines it could expand 
farther poleward due to its high dynamical as well as static 
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pressure. This, in turn, will be the -free energy available -for a 
dynamo process powering the days ide discrete aurora <cf. Heikkila, 
1984; Lundin and Evans, 1986). Lifetimes of penetrating plasma 
blobs have been estimated by Lundin (1984). According to his MHD 
model with energy dissipation regulated by the Pedersen conducti
vity o-f the cusp ionosphere, typical lifetimes are a few minutes, 
corresponding to ionospheric conductivities of the order of 1 mho. 
1 mho is a reasonable Ep. value in the cusp ionosphere at winter 
during active periods, i.e. negative IMF B z tcf. Sandholt et al . , 
1985a). However, the observed initial brightening at the equator-
ward cusp boundary before the northward motion (cf. Fi gs. 6 and 
B) as well as the IMF fiv dependent azimuthal drift (Fig. 9) seem 
to be better accounted for in the FTE picture. 

An example showi ng eastward moti on of a local i zed patch af 
luminosity duri ng 1 arge negative IMF BY (BZ < 0) is di splayed in 
the all-sky photo sequence in Fig. Ai. The IMF components shown 
in Fig. A2 were recorded from ISEE-3 at the I i brat i on poi nt "~ 250 
R E upstream from the earth. 

The east-west mDti on observed i n association wi th non-zero 
IMF By is consistent with the stati sti cal convection pattern 
(e.g. Heelis, 1984, his Fig. 4). "The magnetic tension on newly 
opened field lines has a net east-west component in the presence 
of IMF B v , which is oppositely directed in the northern and 
southern hemispheres. The oppositely directed forces constitute a 
torque on the magnetosphere, and in response, azimuthal flows 
occur in the dayside cusp" (Cowley, 19B1). Furthermore, according 
to Lee and Fu (19B5) , a r.on vanish i ng IMF Bv i s essential to the 
generation mechanisms of FTEs, invol ving multiple X-li nes at the 
magnetopause associ ated wi th the growth of a tearing mode i nsta-
bility (cf. Furth et al., 1963). 
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The left panels of Fig. 11 show the magnetapause magnetic 

•field configuration for IMF B 2 < 0 and different B v polarities, 

based on the antiparallel merging hypothesis (Crooker, 1979) and 

subsolar reconnect!on <cf. Crooker, 1985). The resulting ionos

pheric convection patterns are given in the right panels. 

Satellite observations indicating FTE formation in the 

subsolar region (cf. Rijnbeek et al. f 1984) are accounted for in 

this model. The field configuration is obtained by a superposi ti on 

of a dipole field to represent the geomagnetic field and its 

i mage field to account for the effects of the Chapman—Ferraro 

current as wel1 as a uni form field to represent the interplanetary 

magneti c fi eld. Merging i s then permitted in the subsolar regi on, 

causi ng coils to form there, as in the Lee and Fu (19B5) model of 

FTEs. 

Examp1es of ionospheri c projecti ons of f 1 ux tubes connected 

to the shacked solar wind during flux transfer events are also 

i ndi cated in the fi gure. Notice the pre— and post—noon sector 

asymmetry of the FTE occurrence, depending on the sign of IMF B v 

<B V 4 0). Negative (positive) B v means FTE appearance in the pre-

noon <post-noon) sector and subsequent eastward (westward) con

vection, in agreement with the optical observations presented 

here <cf. Figs- 9 and Al) and in Sandholt et al. (19B6a>. 

3.3 Geomagnetic signatures of IMF By polarity change 

It is suggested that the 1ocal H-CDmponent def1ecti ons shown 

in Fig. 5 (Ny Ålesund and Hornsund recordings) mai nly reflect 

Hal 1 current Ccf• Fri is-Christensen, 19B5) in the £-1ayer i DnD-

sphere, flowing in the opposi te direction rel ati ve to the E x B 

plasma drift in the F-layer and above. During IMF B z < 0 condi-



tions the DPY convection signature is shown to maximize at the 

1 at i tude o-f the cusp aurora (c-f - Sandhol t et al. , 1986b) , consist

ent with existing models and observations of the merging cell, 

convecting magnetic -flux from the closed dayside into the open 

polar cap, across the midday cusp (c-f. Fig. 11, right column). 

A dawn-dusk asymmetry in the convection pattern (c-f. Cowley, 

19B1; Crooker, 1979; Reiff and Burch, 19B5) is introduced by a 

large IMF B v component. Thus, a change in IMF By polarity -from 

positive to negati ve, as seen on Nov. 30, 1979 (Fig. 5) effect a 

transition from westward to eastward plasma flaw in the midday 

cusp (cf. Fig. 11). The correspondi ng Hal1 current would then 

shift from predominantly eastward to westward direction and the 

associ ated H-component magnetic deflection on the ground from 

positive to negati ve. Thi s effect is seen on Nov. 3 0 , 1979 (Fig. 

5) . 

The positi ve spi ke in the 1 ocal H—component recorded by the 

Ny Ålesund magnetometer at 0800 UT (Fig. 5) is an additional 

observati on consistent wi th the Lee-type FTE model (cf. Lanzerotti 

et al., 19B6). 

4. SUMMARY 

The flare-related coronal transient of Nov. 2 7 , 1979 was the 

first optically observed transient directed toward the earth. The 

resulting interplanetary shock and the associ ated auroral and 

magnetic effects observed from the gruund have been discussed. 

The IMF disturbance, including a distinct B v pol ari ty change, has 

been related to a model description of flare-related perturbations 

of the solar current sheet. The power transfer between the salar 

wind and the magnetosphere was estimated on the basis of Akasofu's 
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E—function. For a short period the energy transfer rate reached 

close to the threshold value -for storm triggering. However, the 

IP shock was not -fol lowed by a major storm in this case. 

Disti net signatures related to the IP di sturbance were 

observed in the polar cusp aurora above Svalbard and in the local 

magnetic -field. The dynamical behaviour of the cusp aurora has 

been discussed i n relation to di -f f erent models o-f plasma transfer 

across the dayside magnetopause, from the shocked solar wi nd to 

the magnetosphere. A detailed analysis indicates that the observed 

auroral dynamics are related to localized, impulsive plasma 

injections from the magnetosheath, probably associated with flux 

transfer events. Furthermore, the observed seri es of "FTE—]i ke" 

si gnatures in the cusp aurora followi ng the arrival of the IP 

shock indi cate that shock-rel ated i rregulari ties in the magneto-

sheath piasma density and magnetic field might have sti mulated 

the growth of transient, localized electromagnetic coupling 

across the magnetopause, as illustrated in Fig. 11. 

APPENDIX 

The sequence of al1—sky photos in Fig- Al shows a charac

teristic behaviour of local i zed auroral 1uminosity moving predo

minant! y eastward along the cusp, corresponding tD IMF B v < 0 

<cf. Fig. A2) . The cusp arc is located close to the southern 

horizon at the time of IMF Br < 0. This case is another example 

illustrating the longi tudinal movements of the smal 1-seale auroral 

structures poesi bly associated wi th piasma injection from the 

magnetosheath duri ng f 1 UK transfer events (cf. Fig. 11). 
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TABLE 1. LIST OF GEOMAGNETIC DBSERVATORIES ON SVALBARD 

Geographic 
Station Station LDng. 
name code Lat. (East) 

Ny Ålesund NYA 79.00 12.00 

Longyearbyen LYR 7B.20 15.70 

Hornsund HSD 77.0 15.6 

BjdrnlSya BJA 74.50 19.20 

Computed 
Geomagnetic magnetic dip 
Lat. Long. angle L-value 

75.44 131.45 B1.5 16.5 

74.36 130.94 14.4 

73.54 !27.77 81.3 13.1 

71.OB 124.55 79.6 9.5 
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FIGURE CAPTIONS. 

Fig. 1 Difference images of the white-light coronal transient 

recorded on 1979 November 27. The difference images 

have been created by subtracting the background corona 

from the images recorded at the times noted in the 

figure. Except in the region where the occulting disk 

pylon obscures the corona, the coronal transient com

pletely encircles the occulting disk at a radius of -5 R A 

in the OB22 UT image. By 095B UT, the radius of the 

excess brightness is about B Rø . (After Howard et al., 

1982). 

Fig. 2 Height-time plot of the leading edge of the white-light 

transient. The time interval during which the filament 

is seen to disappear is displayed, along with the flare 

time, and the time interval of the radio type II burst. 

The error bars on the white-1ight observations show the 

vari ati on in the projected height of the leading edge 

at various position angles. The slope of the straight 

line i5 equivalent to a plane of the sky speed of 600 

km s-*. (After Howard et al. , 1982.) 

Fig. 3 Interplanetary magnetic field detected from spacecraft 

ISEE-3 and IBEE-1 located * 250 R = and 20 Re upstream 

from the earth, respectively. X, Y, and Z-components 

are expressed in the geocentric sun—eeliptic coordinate 

system. Shock arrivals are marked by vertical lines. 

Fig. 4 Plasma parameters measured from spacecraft IMP—J, in 

the near—earth solar wind. 

Upper panel: Solar wind speed (km/s). 

Middel panel: Ion density (cm - 3). 

Lower panel: Ion temperature (K). 

Arrival of shack associate with the Nov. 27 coronal 

transient is marked by «arrows and vertical lines. 

Fig. 5 Upper panel: ISEE 1 magnetic field data from outside the 

bow shock. Lower anel: Geomagnetic H-campanent record

ings from ground stati ons on Svalbard (Ny Alesund. 

Hornsund) and Tromsri (Northern Norway) (After SandhDlt 



Fig. 6 Photometer recordings of the red oxygen line at 630.0 
nm illustrating changes in intensity and latitudinal 
location along the geomagnetic meridian of the midday 
cusp aurora from 0737 to 0806 UT on November 30, 1979 
<cf. also Figures 7, B t and 9 ) . Arrows in the left and 
right panels indicate the time of geomagnetic sudden 
commencement and main auroral intensi fi cation, respec
tively. (After Sandholt et al., 19B5b). 

Fig. 7 Photometer recordings (meridian scanning mode) of the 
green (left panel) and red oxygen lines during the main 
i ntensi f i cation of the cusp aurora around OB UT on Nov. 
30, 1979. 

Fig. 8a) Mi dday cusp auroral 1umi nasity (red oxygen 1ine) in 
zenith angle versus time coordinates obtained from 
meri dian photometer scans shown in Fi gure 6. Intensi ty 
levels are in steps of 2 kR starting at 1 kR. 

b) Magneti c Y component pul sati on ampi i tude. Ful 1 seale is 
1 nanotesla. (After SandhDlt et al., 19B5b>. 

Fig. 9 All-sky camera pictures from Longyearbyen, Svalbard, 
showi ng the dynamics of the midday cusp aurora around 
0800 UT on November 30, 1979. (After SandhDlt et al., 
19B5b). 

Fig. 10 Alaska chain H-component magnetograms for Nov* 30, 
1979. 

Fig. 11 Left panels: Schematic view from the sun of the magnetic 
field configuration at the dayside magnetopause resul
ting from the superposition of the geomagnetic field, 
the Chapman-Ferrara field and the IMF. For B v + 0 
merging occurs at the outer merging lines (heavy solid). 
The mergi ng process operati ng in the subsolar region 
for B v ^ 0 gives rise to flux transfer event signatures 
as described by Lee and Fu (19B5). For B v = 0 antipa-
rallel mering occurs along the equatorial magnetopause. 
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(After Croaker, 1985). 
Right panels: Convection patterns in the northern pojtar 
ionosphere for different IMF B v polarities (IMF 6 Z < 
0). Streamlines crossing the polar cap boundary (dashed 
circles) effect a transfer of flux fram closed dayside 
field 1 i nes to open tail lobe field 1 i nes. These stream
lines are constituting the merging convection eelIs. 
For B v £ 0 a CDnvection eel1 entirely confined to the 
polar cap is also predicted, called the 1obe eel1, due 
to the reconnect!on between tai1 1obe field 1 ines and 
the IMF at the flanks of the magnetopause. Solid dots 
mark the possible locations of the initial appearance 
of ionospheric signatures of magnetopause reconnection 
events (QSRs and FTEs). Expected directions of motion 
a-f these signatures are indicated by arrows from these 
dots. (After Sandholt et al. , 19B6a>. 

Fig. Al Sequence of all-sky photos of midday auroral luminosity 
between 0814 and OB25 UT on Dec. 30, 19B1. The camera 
was piaced at Longyearbyen, Sval bard. Geomagnetic 
orientation is indicated. 

Fig. A2 Interplanetary magneti c field in geocentric sun-eel i pti c 
(GSE) coordinates obtained from ISEE-3 at the 1 i bratian 
point ~ 250 R e upstream from the earth. Vertical full 
line marks a transition towards more negative IMF B Y. 
The dashed 1ine indicates the time of auroral recording 
shown in Fig. Al. 
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