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Abstract. By combining continuous ground-based observations of 
polar cleft/cusp auroras and local «agnatic variations with 
•lectronagnetic paraaatars obtained fro» satallitas in polar 
orbit (low-altituda cleft/cusp) and in the Mgnetoshaath/inter
planetary spaca, differant alactrodynaaic processes in tba polar 
cleft/cusp hava baan investigated. Ona of tba sore controversial 
questions in this (laid is related to the observed shifts in 
latitude of cleft/cusp auroras and the relationships with the 
interplanetary magnetic field (IMF) orientation, local magnetic 
disturbances (SP2 and DPY modes) and nagnetospneric substorms. A 
new approach which may contribute to clarifying tbasa complicated 
relationships - simultaneous ground-based observations of the 
midday and evening-midnight sactora of the auroral oval - is 
illustrated. A related topic is tba spatial relationship between 
the cleft/cusp auroras and the ionospheric convection currents. A 
characteristic feature of the polar cusp and cleft regions during 
negative IMP Bt is repeated occurrence of certain short-lived 
auroral structures moving in accordance with the local convection 
pattern. Satellite measurements of particle precipitation, magne
tic field and ion drift components permit detailed investigations 
of the electrodynamics of these cusp/cleft structures. Informa
tion on electric field components, Birkeland currents, Poynting 
flux, height-integrated Pedersen conductivity and Joule heat 
dissipation rate has been derived. These observations are discus
sed in relation to existing models of temporal plasma injections 
from the magnetosheath. 

1. Introduction 

The dynamical processes governing the particle, momentum and 
energy transfer from the solar wind to the magnetosphere and 
upper atmosphere are main topics of solar-terrestrial research. 
Questions concerning the dynamics of the plasma-sheet of the 
nightside magnetosphere and its interaction with the auroral zone 
ionosphere have been studied in some detail (e.g. Akasofv. 1977; 
Shepherd et al., 1980). In recent years attention has been focu
sed on the physics of the dayside magnetospheric boundary layers 
(e.g. Paschmann, 1984; Eastman, 1984) and the coupling to the 
dayside polar ionosphere (e.g. Holtet and Egeland (eds.), 1985). 

It has been speculated for a long time that the solar wind 
plasma can penetrate into the magnetosphere through magnetic 
neutral regions resulting from the coupling between the solar 
wind and the earth's magnetic field. The first indication of the 
existence of a pair of magnetic neutral points lor lines) at high 
latitudes on the dayside magnetopause was provided by Chapman and 
Ferraro (1931), in a theoretical discussion of the interaction 
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between a conducting plasma sad the geomagnetic field. The first 
direct evidence for plasma entry la these regions was obtained 
around 1970 when satellite observations revealed the existence of 
plasmas of aagnetosheath origin at low altitudes (aeikkila and 
Winningbaa, 1971) and at higher altitudes in the dayslde magneto-
sphere (Frank, 1971). 

Recent particle measurements from the Swedish spacecraft 
VIKING has confirmed earlier evidence (e.g. Gussenhoven at al., 
19S5) of two different particle precipitation regions, one narrow 
(in longitude) cusp and a much more extensive cleft. The first 
VIKING results show the following distinguishing characteristics 
of the cusp "proper", located In the 1100-1300 HLT sector (cf. 
Lundin et al., 1987): (1) The hot plasma shows minute signatures 
of energization, the electrons and ions essentially showing mag-
netosheath characteristics. (2) The ions show some temporal flux 
variations, but in general they seem to be mainly affected by a 
poleward convection field. (3) It is characterized by an escape 
of ionospheric ions with energies below some 100 eV. 

The cleft region, comprising the remainder of the dayside 
high-latitude portion of the auroral oval near noon, is quite 
different: (1) A significant amount of energization of both mag-
netospheric and ionospheric plasma (up to keV energies). (2) Tem
poral injections of magnetosheath plasma, showing characteris

tic time-dispersion signatures. (3) A strong ionospheric outflow 
of both electrons and ions. 

During the International Geophysical Year 1957/58 midday 
auroral emissions were recorded by all-sky cameras at polar 
stations (cf. Feldstein and Starkov, 1967). Photometric observa
tions of these emissions were made by Eather and Nende (1971), 
who showed that the spectroscopic ratio KOI 630.Onm)/ 
KN2* 427.8 nm) is enhanced by an order of magnitude relative to 
the typical midnight emissions. 

There is now strong evidence that these red-dominated midday 
auroral emissions are due to magnetosheath plasma penetration 
into the magnetosphere and subsequent precipitation along field 
lines in the cusp (e.g. Holtet and Egeland (eds.), 1985). 

Due to the inaccessibility of the polar regions which satisfy 
the observation conditions, i.e. correct distance to the geomag-



4 
Mtic pel* «ad so far north la geographic latitude that the 
sunlight does not disturb the observations at magnetic Midday, 
the cusp and cleft auroras have received aarkedly leee attention 
than the night-tine aurora. The only sites in the northern hemi
sphere which satisfy the above requirements for optical observa
tions of the nidday auroras are Svalbard (Norway) and Franz 
Josefs Land (Olli) (cf. Pig. 1.1) 

The fora, position and dynamics of the auroras near the cusp 
are known to reflect statistically the general character of the 
solar wind and the interplanetary magnetic field (Lessen and 
Danielsen, 1978). Recent results indicate that there nay be a 
direct relationship between the solar wind interaction process at 
the dayside magnetopause and individual auroral forms observed 
near the projection of the magnetospheric cleft on the ionosphere 
(Sandbolt et al., 1985; 1986a). These emissions may then be used 
as a diagnostic tool in the investigation of plasma entry into 
the magnetosphere and the subsequent fate of that plasma under 
various solar wind and IMF conditions. 

Concerning parameters like the scale size and recurrence 
rates of the dynamical plasma injection processes, satellite 
measurements permit only rough estimates. Continuous ground-based 
observations of the ionospheric "footprints" may provide the 
necessary resolution in time and space. 

In this report electrodynamical processes in the polar 
cusp/cleft with different temporal and spatial scales are dis
cussed, based on ground-based observations of dayside auroras and 
local magnetic variations, combined with electromagnetic parame
ters obtained from satellites in polar orbit (above the ionosphe
re) and in the magnetosheath/interplanetary space. 

2. Impulsive plasma transfer from the magnetosheath -
Signatures in the cusp and cleft auroras ? 

2.1 Background 
Owing to the dynamic nature of the shocked solar wind imping

ing on the front of the magnetosphere, i.e., irregularities in 
plasma density and magnetic field, plasma penetration across the 
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dayslds magnetopsuss should tom a highly variable process (of. 
Lenaire, 1977, 1979). This has been confined by in situ A M -
surementa fro» satellites (e.g. tckopke et al.. 1911; Lundin «ad 
Dubinin, 1914). The plasaa transfer aschanlaas are intiaately 
related to the electrod^nanic coupling, constituting the power 
source for aagnetospheric plasaa convection (e.g. Cowley, 1992, 
1984). Different aschanlsas for plasaa transfer are as follows 
(cf. Paschnann, 1994): (1) inpulsive penetration events (IPEs), 
i.e., direct entry of plasna blobs (Leaaire, 1977; Leaaire et 
al., 1979; Heikkila, 1982; Lundin, 1984), (2) quasi steady state 
reconnection events (QSRs), i.e., plasaa entry by aerging of in
terplanetary and aagnetospheric «agnatic field lines in a quasi 
staady-state/large-scale process (Paschaann et al., 1979; Son-
nerup et al., 1981; Aggson et al., 1983, 1984), (3) flux transfer 
events (PTBs), i.e. transient and snail-scale merging processes 
(Russell and Elphic, 1979; Rijnbeek et al., 1984: Saunders et 
al., 1984; Lee and Pu, 1985; Southwood, 1987), (4) viscous diffu
sion, i.e. plasma entry into a magnetically closed aagnetosphere 
due to viscous interaction at the magnetopause (e.g. Eastman et 
al., 1976; Mozer, 1984), and (5) gradient drift entry, i.e. 
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 particle. This results in a charge buildup 
along the flanks of the magnetotail and the sunward face of the 
plasma mantle. The latter condition may be the process which 
lengthens the cusp into a cleft (Olson and Pfitzer, 1985). 

The impulsive injection model was first suggested for inter
action of the solar wind with a magnetically closed magnetosphe
re; the flux transfer events, on the other hand, involve a direct 
local magnetic connection across the magnetopause. Heikkila 
(1982) discussed impulsive plasma injections in relation to an 
open magnetic field geometry, indicating that the impulsive pene
tration picture and flux transfer events refer to two aspects of 
the same process. Cowley (1984) has pointed out fundamental 
problems related to this model, which combines an open and equi-
potential magnetosphere. Lundin and Evans (1985) have introduced 
another model which is intended to incorporate both the IPE and 
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FTS procassas let. tbair Figure • ) . 

The detailed role of th* polar cusp in the plasma entry 
mechanisms la not clear. Among the important tasks for futura 
study ara the procaasaa and three-dimensional structure of tba 
polar cusp region, and the electromagnetic effects in the polar 
cusp ionosphere (cf. Paschmann, 19a4). 

The optical aurora has been widely used as a sensor of magne-
toepheric processes. On the nightside the luminous auroral break
up ia considered to be the most unambiguous signature of the 
onset of magnetospheric substorms (cf. Rostoker et al., 19S0). 
Similarly, the dayaide aurora has been considered aa an imaga of 
plasma procaaaes in the boundary layers of the daysida magneto-
sphere (cf. Heng and Lundin, 19S6; Lundin and Evans, 1985; Sand-
holt et al., 1985, 1986a). 

Possible signatures in the dayaide aurora of plasma transfer 
across the magnetopause may be inferred from satellite observa
tions and model considerations. Postulated auroral phenomena at 
the time of FTE signatures at the magnetopause are (S.W.H. Cow
ley, private comm., 1985 and L. Lee, private comm., 19861: i) 
luminosity rapidly expanding southward from the existing cusp 
auroral display as the FTE is formed and then drifting poleward 
at speeds of " 500 m/s, ii) luminosity disappearing after 5-10 
min., when the flux tube has entered the tail proper (cf. Fig. 
2.1), iii) luminosity having a spectrum of scale sizes with the 
largest being several hundred km across, iv) a series of events 
with recurrence time between 5 and 15 min., corresponding to the 
repeated formation and convection of magnetic islands (flux tubes 
or plasmoids), v) injection of auroral particles with energy " 1 
keV, due to acceleration by the reconnection electric field. 

The recurrence time of FTEs is found to be T » 10 • tA/Ro " 7-
15 min, where tA is the Alfvén transit time across the width of 
the magnetopause current layer and Ro = Vi/VA is the imposed 
driving rate at the incoming boundary (Fu and Lee, 1986). 

Some of the predicted auroral signatures listed above are 
also consistent with a qualitatively different model, describing 
the impulsive penetration of solar wind plasmoids quite independ
ently of any magnetic reconnection mechanism (cf. Lemaire, 1985). 
When the IMF has a southward component (Bz < 0), the magnetic 
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dlpole aoaent H o f • diaaagnetic plaeaoid with an excess density 
ha* • southward component (Mt < 0). Whan such a plasaoid la at 
low latitudes near tha frontside aagnetopauae. H being thare 
antiparallel to Mi (earth's dipola) both dlpolas attract each 
othar. Thus, solar wind irregularities with an excess aoaentua 
ara attracted toward tha inside of tha aagnetopause whan tha IMP 
is dlraetad southward (Pig. 2.3). A dawn-dusk esyaaetry in tha 
location of plasaa injections, depending on the IMF Br coaponent, 
is then predicted. The dusk (dawn) side is preferred during IMF 
Br > 0 (< 0) (antiparallel field lines). Furthermore, according 
to Lemaire (1985), aagnetospheric plaaaa will flow around the 
intruding plasaoid, i.e. in the opposite direction. A possible 
"footprint" of this transient and localized flow of aagnetosphe
ric plasma will be rather short-lived, northward moving auroral 
structures, according to Lemaire. 

An alternative possibility of plasma injection from the 
magnetosheath is at higher latitudes in the vicinity of the cusp, 
i.e., in the entry layer. After accessing terrestrial field 
lines, the plasma could expand farther poleward owing to its high 
dynamical as well as static pressure. This, in turn, will be the 
free energy available for a dynamo process powering the dayside 
discrete aurora (cf. lieikkila, 1984; Lundin and Evans, 1985). 
Lifetimes of these penetrating plasma blobs have been estimated 
by Lundin (1984). According to his HHD model with energy dissipa
tion regulated by the Pedersen conductivity (Er) of the cusp 
ionosphere, typical lifetimes are a few minutes, corresponding to 
EP-values of the order of 1 mho (cf. Section 3). The actual 
formula for the decay of the plasma element reads: 

t _ n m ax AZ R 

D " B2*T D ' 
where n is plasma density (" 5xl0»nr 3), m Z. *P - 1.67x10-aT kg. 
Be is the magnetic field in the curp ionosphere (" 5x10- 9T), RD 
is the electric resistance in the cusp ionosphere (' 1/J>). AX(" 
5 R E ) , Ay(" 1 R E ) , and az (" 1 RE) express the spatial extension 
in the boundary layer of an injected plasma blob. The x- and y-
axes point along and transverse to the boundary layer, respec-
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tively. 

The underlying assumption i* that the perpendicular current 
in the generator region, flowing across the boundary layer (jt * 
0.(1» - uB.)), corresponding to an inertia current density, 
exerts a force per unit volume given by (cf. e.g. Alfven. 1982): 

Jx S - pli . 
dt 

Zn the boundary layer the Lorentz tera uB. corresponds to the 
injected magnetosheath plasma (H* and He»') moving with a higher 
"convection" speed (u) as compared to the drift of the ambient 
plasma (v(0* ) - Br/B) (cf. Lundin, 1984) . 

2.2 Case studies 
In this section we are going to present two observed cases 

showing characteristic dynamical features in the midday aurora 
which may be "footprints" of impulsive electromagnetic coupling 
mechanisms at the magnetopause. 

Figure 2.3 shows simultaneous observations by meridian scan
ning photometers of the midday aurora from Svalbard, Norway (* 
75° geom.lat.) and the evening aurora from Alaska (* 65» geom.-
lat.). The north-aouth component of the magnetosheath magnetic 
field (GSE coordinate system), recorded by spacecraft ISEE 2, is 
shown in the left panel on the figure. The spacecraft was moving 
outward, crossing the bow-shock at 1009 UT. A large and rather 
stable southward component was recorded between 0735 and 0855 UT. 
Between ' 0750 and ' 0820 UT both the day- and nightside auroras 
were moving southward. At 0820 UT a major substorm occurred on 
the nightside (cf. also AE-index ir Fig. 2.4). A series of pole
ward moving, transient luminosity structures were observed above 
Svalbard between * 0800 and 0850 UT. A few of them are shown in 
more detail in Fig. 2.5 (cf. also Fig.-3.6). Notice the intensi
fication at the equatorward boundary of the pre-existing auroral 
display from " 0815 UT and the subsequent poleward movement. 
After 7-8 minutes this luminosity had disappeared. The phenomenon 
is manifest in both channels displayed in the figure (red oxygen 



(OI) lina and blua nitrogen (Na*) band. Another, similar event 
occurred between 0126 and 0133 UT. 

Figure 2.4 shows an all-sky picture sequence of the midday 
aurora located to the south of Svalbard on Dec. 30, 1981. The 
cusp arc is far south of the zenith at this time, when IMF Bi *-
10 nT (cf. Fig. 2.7). Notice the eastward notion, along the 
northern boundary of the pre-existing cusp arc, of a United 
patch of enhanced luminosity. Another remarkable observation in 
this case, which may be of importance for the optical phenomenon, 
is the large negative IMF Br component (Fig. 2.7) (cf. Sect. 
2.3). 

Summary of observations 
The three cases presented here are examples taken from an 

extensive set of observations which may be divided into two main 
categories, according to the different spatial scales and dynami
cal behaviour (cf. Sandholt et al., 1985, 1986a). Characteristics 
of the class we call "small-scale" events are: i) time of dura
tion, 3-10 min; ii) latitudinal extension, ' 50-100 km; iii) 
longitudinal extension, < 500 km (patches), iv) large IMF Br 
component; and v) longitudinal motion of luminosity, i.e., 
westward for Br > 0 and eastward for BY < 0. 

The "large-scale" cases are characterized in the following 
way: i) time of duration, 8-15 min.; ii) longitudinal exten
sion, > 1000 km (elongated arcs); iii) small IMF B»; and iv) 
northward motion of these elongated arcs. 

In addition to this, both categories show the following 
properties: i) initial appearance at the equatorward boundary of 
the pre-existing cusp or cleft arc, located south of 75» geom.-
lat., ii) occurrence limited to IMF Bz < 0, iii) repeated 
occurrence (series of events), and iv) the optical spectral 
ratio 1630.0 nm/I557.7 nm > 2 (1427.8 nm "0.2 - 1 kR) within 
these luminosity structures. 

2.3 Discussion 
In Section 2.1 we discussed two plasma transfer models which 
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ara candidate* to explain the auroral observations, i.e. iapul-
aiva penetration of diaaagnatic plasaa bloba and flux transfer 
events. Of tba optical characteristics presented above the IMF Bi 
dependence, the tiae of duration, and the repeated occurrence can 
be accounted for in both aodela. 

Lundin's version of the IP aodel, with plaaaa injection at 
high latitudes (entry layer) is consistent with the northward 
aotion of luainosity across tha cusp/cleft (Lundin, 1984). Le-
aaire (1985) has suggested that the observed northward auroral 
•otion corresponds to aagnetospheric plasua directed toward the 
aagnetopause, flowing around the intruding blobs. However, if the 
equatorial aagnetopauae projecta down to aoaewhere near the cusp 
and cleft equatorward bounderiea (laat closed field line) the 
suggested plasma flow cannot explain the observed poleward mo
tions, extending into the polar cap (cf. Fig. 2.5). In addition, 
it seems more likely that the optical phenomenon is related to 
the injected plasma blob itself, rather than the magnetospheric 
plasma flowing around. 

According to the impulsive penetration model the dusk (dawn) 
side of the magnetopause will be a preferred injection site for 
IMF BT > 0 (< 0) and Bz < 0 (antiparallel magnetosheath and 
magnetospheric field lines). After being injected the diamagnetic 
plasmoids are expected to proceed tailward along the boundary 
layer and subsequently be stopped after some minutes, due to 
adiabatic and non-adiabatic deceleration. Thus, a longitudinal 
motion across the noon meridian is not expected from this model. 
The observed IMF By dependent longitudinal motions (cf. Fig. 2.6) 
seem to be better accounted for in reconnection models (cf. Fig. 
2.1). The convection of open flux tubes are fundamentally diffe
rent from the motion of the magnetically isolated plasma blobs, 
due to stresses exerted by the IMF (cf. Cowley, 1981). 

It is noted here that the present reconnection models are 
highly controversial, even though accepted by a majority of 
magnetospheric physicists (cf. Cowley and Hughes, 1986). One view 
holds that the magnetic field description of the magnetospheric 
plasma applied in the present magnetic merging/reconnection 
theories is questionable (Alfvén, 1977). 

A further discussion of the observations is given in Sect. 4. 
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3. Electrodynamics of the cusp/cleft ionosphere 

3.1 Background 
Two separata systems of large-scale Birkeland currants in 

the cusp/polar cap hava beun proposed based on satellite measu
rements during negativa and positiva IMF Bt components (MBZ 
currants), respectively (e.g. Potemre and Zanetti, 1985). A 
schematic illustration of the current system for Bi < 0, with its 
dependence on IMF B», is shown in Fig. 3.1. The closure of these 
Birkeland currents in the magnetospheric boundary layers and the 
generators powering the respective current circuits are not known 
at present. Certain theories have been suggested, however, based 
on the available observations. Magnetic merging at the dayside 
magnetopause {Bi < 0) and on field lines in the geomagnetic tail 
lobe (B2 > 0) are considered to be important driving mechanisms 
(Iijima et al., 1984). During periods of Bi < 0 some part of the 
Chapman-Ferraro current can be diverted along geonagnetic field 
lines connected to the cusp, associated with a magnetopause 
rotational discontinuity (cf. Lee et al., 1985). 

A quantitatively different model has been suggested by Le-
maire (1985). In that model field-aligned currents are generated 
at the boundary of d. amagnetic plasma blobs when they enter the 
magnetosphere (cf. Sect. 2, Fig. 2.2). When IMF Br is positive 
(negative) the preferred site of plasmoid penetration is on the 
dusk (dawn) side tail lobe. In this way one can explain the 
observed IMF BY-related dawn-dusk asymmetry in NBZ currents, in 
addition to the linear intensity relationship with IMF Bz (> 0). 

The local convection pattern associated with blob injection 
can be communicated to the ionosphere. Furthermore, a shower of 
penetrating plasmoids may eventually set up a quasi steady-state 
convection flow pattern in the magnetosphere and ionosphere 
(Lemaire, 1985). 

Plasma convection systems in the polar ionosphere predicted 
by the antiparallel merging hypothesis are shown in Fig. 3.2 for 
different orientation of the IMF. The postulated reclosure con
vection cell is supposed to be driven by reconnection in the 
opposite hemisphere associated with magnetic closure between the 
northern and southern tail lobes. Experimental evidence on the 



12 

reclosur* cell is net unproblexatie sloe* its activation depends 

en a steady end favourable ZMF orientation te exist for several 

hours. The existence eC the lobe cell during southward IMP is 

also an open question. 

A releted problea, which will be addressed here, is the 

location of the polar cusp in relation to the patterns of plasma 

convection and Birkeland currents in the noon sector. These rela

tionships can be studied, using optical recording of the cusj. 

aurora combined with nagnetograxs fron e latitudinal chain of 

stations and fro» polar orbiting satellites. We then use the 

established relationship between dayside high latitude convection 

patterns and geomagnetic signatures on the ground (cf. Prils-

Christensen and Hilhjelm, 1975; Troschlchev, 1982 and references 

therein; Friis-Christensen et al.t 1985). One such case study is 

reported below. The other case presented in this section illu

strates the electric field and current characteristics of auroral 

forma in the polar cusp/cleft, which were described in Sect. 2. 

This study is based on combined observations from the ground and 

from a polar orbiting satellite. 

3.2. Case studie» 

The Jan. 04, 1984 case 
Figure 3.3 illustrates the relationship between the ampli

tude and orientation of the interplanetary magnetic field (left 

three panels) and the intensity and location along the magnetic 

meridian of the midday polar cusp aurora above Svalbard. A grey-

scale representation of intensity versus zenith angle and time is 

shown in the middle panel. The right three panels show the geo

magnetic H-component disturbance field recorded at three stations 

on Svalbard. These observations can be separated into three 

periods with different IMF orientation. 

Period 1 (cf. left panel in Fig. 3.3). The magnetic signature 

indicates a southwestward DPY current with the amplitude modula

ted by IMF Bz (BY is constant near . - 17 nT). The DPY signature 

(cf. Bjørnøya (BJA) magnetogram) can be interpreted as related to 

merging cell convection centered in the dawn sector of the polar 

ionosphere, with a northeastward flow (southeastward electric 
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field) lo the Midday cusp region <ef. Crooker. lK9t Reel is. 

19M: keif f and Buren. 1««S>. 

Period 3. The transition in IMF »t trom negative to positive at 

Oil» OT (B? not changing) was followed by changes in th» optical 

aurora and the DPY signatur*. Pro» 0S3S OT the «agnatic distur

bance decreases at Bjørnøya (BJA) while increasing farther north, 

at Hornsund (BSD) and Ny Ålesund (HYA). The poleward boundary of 

the cusp aurora moves northward during several tens of minutes 

after the ZMF transition. This tiae period is conparable with the 

tine for the IMF signal (081* UT) to reach the magnetotail (cf. 

Akasotu, 1977, p. 210). Cusp movements can be explained as the 

net result of dayside merging and nightside reconnection; i.e. 

the whole convection cycle is involved. According to this inter

pretation the cusp movement will continue until the convection 

cycle reaches a new equilibrium state. 

At 0900 UT the DPY equivalent current center is located near 

the poleward boundary of the cusp aurora (cf. Sandholt et al., 

1986b. Fig. 5). This shows that the DPY current extends well into 

the polar cap, from approximately the center of the optical cusp. 

The DPY current observed in time interval 2 could be related to 

the lobe cell convection postulated for Bi > 0 (cf. Pig. 3.2) and 

identified by use of the dense magnetometer chain along the 

westcoast of Greenland (Friis-Christensen. 1985). 

A DMSP satellite pass close to the eastcoast of Greenland at 

" 0905 UT shows cusp-like particle precipitation within the 70-

76° geom.lat. range (cf. Fig. 3.4). The DPY mode of magnetic 

deflection is observed to reach a maximum level close to the 

poleward boundary of cusp precipitation. This is the same latitu

dinal relationship as was observed along the Svalbard meridian. 

The zone of 1-5 keV particles on the equatorward side of the cusp 

is manifested as a diffuse zone of enhanced green line aurora 

(cf. Sandholt et al., 1986b, their Fig. 2). Discrete arcs on the 

poleward side of the cusp are observed, corresponding to " 1 keV 

electron precipitation at those latitudes (cf. Fig. 3.4). Thus, 

the midday auroral luminosity often shows latitudinal differences 

in spectral properties, indicating different sources of the 

associated particle precipitation. The different particle source 

regions in the dayside magnetosphere, projecting to the iono-
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*pb*r* within th* field of »i*w of lb* scaaaing pbotoa*t*r* *t 

Svalbard, ar* 11) ta* polar cap/plasma aantl*. «2) the polar 

cusp/cleft, aad (3) th* daysid* extension of th* places sheet 

boundary layer. 

Period 3. During this period, frca 0940 to 1000 UT a* observed 

fro» th* ground (rig. 3.3), th* IMF vector i* pointing due north. 

According to th* Barging hypothesis this state should produce • 

net «agnatic flux transfer fro* op*n lob* tub*s to closed daysld» 

tubes (cf. Cowley. 19tl> with a resulting poleward motion of the 

•quatorward boundary of th* cusp. Such aa effect is observed at " 

0940 UT. A weak cueplike aurora is located to the north of My 

Ålesund between 0935 and 0955 UT. 

The OMSP pass at ' 0720 UT (IMF Bt - - 8 nT) shows cusp 

electron precipitation between 68 and 70.6* MLAT (Pig. 3.4. left 

section), in good agreement with th* optical recordings. 

The main results of this svent is incorporated in the sum

mary section. It should be noted here that more events of this 

kind should be analyzed in order to establish the spatial rela

tionship between the plasma convection patterns and the cusp 

auroral emissions. The problem is that the adequate events occur 

rather infrequently, mainly because of the very small magnetic 

deflection amplitudes in the winter polar cusp and cap during 

normal values of IMF Br and Bz components. 

The Dec. 10, 1983 case 
An overview of the cusp aurora above Svalbard as well as the 

magnetosheath magnetic field and nightside auroral zone observa

tions is shown in Fig. 2.3. Between 0803 and 0805 UT satellite 

HILAT passed above the cusp aurora at an altitude of 800 km, 

slightly to the west of Svalbard, at 1107 HLT (cf. Fig. 3.5). 

Also shown in Fig. 3.5 is the scanning direction of the photome

ter system at Longyearbyen, Svalbard. 

Figure 3.6 shows more details of the photometer recordings 

around the time of the satellite pass. He notice certain charac

teristic time and space variations of the aurora within the 11 

minute period {08.01-08.12 UT) covered in the figure. A series of 

transient structures is observed, each appearing at the equator-

ward boundary of the preexisting luminosity and then moving 
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poleward during their liaited lifetime. Also notice the equator-
ward »otion of the equatorward boundary of tha auroral luainosi-
ty. Batwaan 0404 and OtOS DT two optical peaks ara observed, ona 
on each alda of tha senita. A similar, but nora pronouncad opti
cal avant occurred 10 ain. aftar tha satellite paaa tcf. Flge. 
a.3, a.5). 

A typical apactral ratio I 630.0 nn/ SS7.7 na for tboaa two 
paaka cloaa to tha tanith at * 01.04.30 UT ia * 4. Tha luainosity 
ahowa a rather sharp equatorward boundary, In contraat to the 
•ore gradual decrease towards north. 

Figure 3.7 shows HZLAT measurements of ion drift (east-west 
component) as wall aa electron precipitation {average energy, 
energy flux, number flux). Positive drift velocity component v» 
(westward E x B drift) corresponds to northward electric field, 
with 1 km/sec equivalent to * 50 mV/a. 

From the magnetometer trace Br in the second panel of Fig. 
3.7 local values of Birkeland current density can be derived, 
using the infinite current sheet approximation. Positive gradient 
in Br (along the satellite trajectory) means downward current 
flow. 

From the properties of the downward (zenith detector) elec
tron flux and the optical aurora the cusp region is defined by 
the two vertical lines in the figure. The energy flux in the cusp 
is between 10* and 10» keV/lcm» ster sec) or 5 -10-«-5 10"3 W/m2 « 
0.5-5 ergs/(cm»sec)) with average energies generally 1 0.1 keV. 
Three of the most prominent precipitation structures are marked 
by labels 1 to 3. One second averaged electron energy spectra 
show distinct shoulders in these regions of flux enhancements, 
indicating particle acceleration. 

We will concentrate somewhat on feature No 3, located close 
to the cusp equatorward boundary. The total width of that struc
ture is " 45 km. All three flux enhancements are associated with 
strong intensifications of the westward drift velocity and conse
quently enhanced northward electric field, reaching peak values 
between 175 and 250 mV/m. Pairs of field-aligned currents in the 
same regions are observed, with density values ' 10 uA/m2, in a 
region with a more large-scale background downward current of " 
1 MA/m2. Farther north the average Br trend indicates a less 
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intanaa (average value * 0.3 loA/a*) upward currant. 

Ha hava focused on thraa auroral structures observed at 

different senith angles, with tha corresponding precipitation 

structures shown in Pig. 3.7. 

Figure 3.7 shows that there is a general good correlation 

between the eastward Magnetic deflection and the westward ion 

drift component (northward electric field) in tha cusp and cap 

regions. This relationship also holds in structure 3, but not in 

1 and a. 

In a cartesian coordinate system with the x, y, and z axea 

pointing towards north, aast and downward, respectively and 

assuming <J/<5y "_ 0, we obtain (cf. Bythrow at el., 1980; Sugiura 
et al., 1984): 

(1) u 1 1 - £ _2S - B —H . 
o åx p <5x y <Jx 

Equation 1 can be integrated to give: 

(2) aB y(x) = U Q (EpE x - Z HE y) + const., 

where AB» is the difference between the measured magnetic field 

and the earth's dipole field. 

From the assumptions 6/Sy Z. 0 and v x E Z. 0 it follows that 

Ey 1 const. A good correlation between AB» and E« then indicates 

that the gradients in the Hall and Pedersen conductivities at the 

equatorward arc boundary are negligible. Thus, we have: 

(3) AB (X) 1 M O Ep E x(x) + const., 

where Sj> 1 const. With AB in nT, E in mV/m, and EP in mhos, Eq. 3 

reads (cf. Smiddy et al., 1980): 

(4) A B y !nT) = 1.25 l^ (mho) E x (mV/m) + const. 

Equation 4 presupposes that effects of neutral winds can be 
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Ignored. II* obtain I» 2 0.1 abo for too case studied nor*. CTn* 
efit and B> curves overlap each other within the are, indicating 
that 1.2S • 2> 1 » . 

rroa the satellite Maaureaente we nake the following eetl-
aate of the Pointing flux vector aaaociated with the northward I-
field and the eastward magnetic deflection in the center of 
structure 3: 

(5a) P - u " 1 t x eS . o 

<5b) P 2 1 u / 1 B x * r . 

Using Eq. 3 we obtain: 

< 5 c ) Pz - h E x 2 • 

Thus, within structure 3 we have a downward Poynting flux with 
the amplitude approximately equal to the ionospheric Joule heat 
dissipation rate, which is " 2-10-* W/m1 . This is a factor two 
larger than the value of the maximum electron energy flux in the 
same region of space. 

Current continuity at the arc equatorward boundary gives the 
following expression for the northward electric field within the 
arc (cf. Marklund, 1984): 

A ^p E ^H 1*!! E J|| 
(6) E = — . E + • E + , 

x 4 x 4 y < 
where the values inside and outside the arc are marked by super
scripts A and E, respectively. 

Based on the observed good correlation between AB V and Ex we 
have already concluded that conductivity gradients and associated 
polarization electric fields play a minor role in the electrody
namics of this arc. This is so because of the soft particle 
precipitation in the midday cusp compared to other local time 
sectors of the auroral oval, where conductivity gradients and 
polarization effects are much more important (cf. e.g. Doyle et 
al., 1986). Thus, Eq. 6 is reduced to: 



A I J || 
<7> I • I • , x jj 

Ic cur case J (-> - j (*_) • AX 1 0.15 - , having used the 
II • II 2 • 

a 
average value of Ji| » 5 uA/a* and the latitudinal width of the 
downward flowing currant filaaent, AX » 30 km. (The corresponding 
values for the upward current farther north is j| i « 1 0 uA/a>, AX 
• 15 ka and J| i - 0.15 A/a. In both regions Ji i 1 lr |(JEi/<5xi , 
with & 2. 0.8 aho.) Thus, it follows that the last tern in Bq. 7 
is " 185 mV/a. This is close to the peak value of the electric 
field measured within the arc. According to the terminology 
introduced by Marklund the cusp structure studied here is a 
Birkeland current arc. 

From Fig. 3.7 we notice an average westward ion drift of " 
1.5 km/s within the cusp, corresponding to a northward electric 
field component of " 75 mV/m. The positive Br gradient in the 
cusp indicates downward flowing Birkeland current in this region. 
Further north the current flows upward. These large-scale struc
tures of Birkeland current and electric field are consistent with 
the general statistical results for the actual IMF orientation 
(Bz < 0; BY > 0, cf. Fig. 3.1). Whether the Birkeland current 
close to the eguatorward cusp boundary flows on closed or open 
field lines is an open question. 

The large-scale features in the westward ion drift and the 
eastward magnetic deflection components are well correlated, 
indicating that the ionospheric Pedersen current constitutes the 
Birkeland current closure. 

The smaller-scale structures in magnetic deflection and ion 
drift associated with precipitation features 1 and 2 in Fig. 3.7 
are more complex than in structure 3. In structures 1 and 2 the 
E-field peaks are displaced towards the north of the central line 
separating the up and downgoing Birkeland currents. 

A superposition of the smaller-scale structures on the large-
scale pattern of currents seem to be a natural interpretation of 
the present measurements. As a consequence, the ion drift peaks 
in structures 1 and 2 are associated with upward directed Poynt-
ing flux (northward E-field and westward magnetic deflection) as 
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Illustrated is Fig. 3.7. Upgoing Poynting flux baa baan observed 

aarliar In auroral braak-up events (ef. Primdabl at al.. 1916). 

Their interpretation ia that kinetic energy transferred to the 

neutral atmosphere can subsequently be converted to alactrie 

energy and delivered back to the Magnetosphere. 

Summary of the Håe. 10, 19$3 earn» 
Dynamical auroral phenomena with different temporal and 

apatial acalaa have been exemplified by one case with simultan

eous day and nightaide observations, combined with electromagne

tic parameters obtained from satellites in polar orbit (above 

cusp ionosphere) and in the magnetosheath. The main tindinga are: 

i) Simultaneous equatorward movements of cusp and evening-mid

night sector auroras occurred during a period of stable, 

negative magnetosheath magnetic field Z-component (positive 

Br), well before substorm expansion phase onset (Figs. 2.3 

and 2.4). 

ii) The dayside optical recordings show a series of poleward 

moving transient structures, each appearing at the cusp 

equatorward boundary and disappearing after some minutes. 

The lifetimes of these auroral forms are not obtained by the 

meridian scanning photometer technique alone, when longi

tudinal motion is present; i.e. in cases with large IMF BY 

component (Sandholt et al., 1986a). In the present case with 

IMF By > 0 a westward auroral drift component is expected. 

(This is not resolved in the all-sky photos. The similar, 

but stronger optical event at " 0815-0825 UT (cf. Figs. 2.3, 

2.5) shows westward motion.) 

iii) The well correlated structures in the aurora, the satellite 

magnetogram and the ion drift measurements indicate that the 

corresponding Birkeland current and B-field features are 

also transient in nature. 

iv) The structures show enhanced downward electron energy flux 
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(* 5-10 erge/ca* sec», smltiple Birkeland current sheets 
Iji i * lOuA/a*> and strongly enhanced northward electric 
field component <" 300 aV/a). The corresponding optical 
eaission intensities at 557.7 and 630.0 na are 1 and 5 
kilorayleighs (kits), respectively. 

v> Although electron precipitation is present over both upward 
and downward directed Birkeland currents the electron preci
pitation aaxiaa occur within regions of upward Birkeland 
currant flow <cf. Fig. 3.7.). The aore large-scale Birkeland 
current in the cusp is directed downward, indicating outward 
flowing ionospheric electrons (counter-streaaing electrons) 
and/or precipitating ions. 

vi) Within the auroral structure observed close to the cusp 
equatorward boundary at the time of the satellite pass, the 
main contribution to the electric field was found to be the 
Birkeland current term, with correspondingly minor polariza
tion effects. A downward directed electromagnetic energy 
flux (Poynting flux), associated with a pair of Birkeland 
currents, is dissipated as ionospheric Joule heating. In the 
center of the structure this energy input rate is a factor 
two higher than the electron precipitation flux. 

vii) The height-integrated Pedersen conductivities inferred from 
correlated latitudinal variations in ion drift and magnetic 
field components were found to be in fair agreement with the 
value obtained from the particle precipitation measurements 
(Sandholt et al., 1987). 

viii)Precipitation enhancements at higher latitudes in the cusp 
show more complex electromagnetic structures. Both upward 
and downward Poynting fluxes are indicated. Within some 
limited regions ABY and Ex are anticorrelated, which means 
that relation 3 is not valid. Both assumptions <5/<5t 2. ° and 
<S/<5y Z. ° are questionable in these regions. 

ix) Electron energy spectra within all the three main structures 
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•ro characterized Sy peaks on the high-energy side at • few 
hundred electron voice, indicating field-aligned particle 
acceleration. 

In this section we have discussed the electrodynamics of 
some characterstic auroral foras which are frequently observed in 
the polar cusp tuid cleft regions during negative IMP B* , based on 
one single satellite pass. A moat critical question related to 
this case study is whether the equatorward part of the cusp, 
including structures 2 and 3, is on open or closed field lines. 
Information on the pitch-angle distribution of the precipitating 
particles may contribute to clarifying this question. 

More ovents of this kind should be analyzed in order to 
establish the source of these transient auroral forms, i.e. the 
relationship with plasma entry and electrodynamic coupling at the 
dayside magnetopause. 

4. SUMMARY 

Figure 4.1 is a schematic drawing which summarizes some of 
the observations presented in this article. The characteristics 
of different midday auroras and polar magnetic disturbance modes 
during a sequence of somewhat idealized IMF variations are illu
strated. 

The initial state of the IMF vector, with Bz = 5 nT and By = 
- 5nT, means that the magnetosphere is in a low-energy state. An 
approximate empirical formula describing the electromagnetic 
energy input from the solar wind, i.e., the solar wind-magneto-
sphere coupling rate, is the E-parameter given by Perra ilt and 
Akasofu (1978). This formula can be expressed in terms of the 
solar wind velocity and the IMF components transverse to the 
solar wind flow: 

(8! E 11/4 v • KB, - B z ) l 2 . / 0
2 

where B T = (B 2

 + B 2 ) 1 / 2 a n d ^ o 1 7 R £ . 
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e(w) 1 6 10* v (ka/s) • l(B T - B g) <nT)I2 

According to thia foraula the initial IMF atata shown in tba 
figur* corresponds to e " IO1* W. This solar wind-aagnetospher* 
coupling rata ia accoapanied bv a waak cusp aurora located at " 
78-79* geoa.lat. Th* local «agnatic disturbance consonant activa
ted in this case (IMF B» - - 5 nT) will be the DPY 1 node, cen
tered at the cusp poleward boundary and extending into the polar 
cap. It is supposed to be an effect of the lobe cell convection 
pattern (cf. Fig. 3.2). 

The transition of the IMF to the second state (B* • Br •-
5nT) is accompanied by a substantial increase of the coupling 
rate (e " 3-10 1 1 W ) . The ground-based observations in the cusp/ 
cleft region show some clear changes in such cases. The aurora 
moves to lower latitudes. The response of the cusp poleward 
boundary is often higher than that of the•equatorward boundary, 
resulting in a more narrow cusp when IMF BJ is negative (cf. 
Figs. 2.3, 3.4). A decreasing DPY 1 magnetic perturbation is 
replaced by a growing DPY 2 component farther south, within the 
cusp/cleft. This may very well reflect the disappearance of the 
lobe cell and the activation of the merging convection cell. 

During the first " half hour period after the IMF southward 
transition is communicated to the magnetosphere, a significant 
polar cap expansion occur. This is inferred from the simultaneous 
equatorward motion of day- and nightside auroras (cf. Fig. 2.3). 
This period may be interpreted as a growth phase, characterized 
by a net transport of magnetic flux, from the dayside to the 
nightside (cf. McPherron, 1979; Holzer et al., 1986). At the end 
of this period the cusp aurora has moved down to " 72° geom.lat. 
The onset of a magnetospheric substorm, following a period of 
negative IMF Bz, typically don't influence the location of the 
cusp. In some cases, however, the cusp is shifted farther south
ward at substorm onset. A tentative explanation of this different 
behaviour is that there are different kinds of substorms, some
times referred to as spontaneous and triggered substorms (cf. 
e.g. Sergeev et al., 1986). A spontaneous substorm is expected to 
have no immediate effect on the cusp ideation while the triggered 
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one could be associated with instantaneous cusp movement, because 
of the close relationship with the IMF. A delayed cusp response 
related to substoms is expected due to the effect of the sub-
storm activity on the magnetospheric convection cycle. It should 
be noted here that substorms are sometimes observed to be trig
gered by northward transitions of the IMF vector (cf. Rostoker, 
1983; Sandholt et al., 1986a, Fig. 2A). 

Soviet groups have studied the relative influence on dayside 
auroral luminosity of IMF variations and internal magnetospheric 
activity. They report the following results (G.V. Starkov, pri
vate communication 1987): 1. Dynamics of the auroral luminosity 
band are defined by variations of the IMF Bz-component under 
weakly changing magnetic activity. The IMF effect is that the Bz 
variations at the subsolar point give rise to synchronous motion 
of the oval with a delay of 10-20 min. (Vorobjev et al., 1976; 
Zverev et al-, 1986). 2. Under increasing magnetic activity in 
the midnight sector the region of dayside auroral luminosity 
shifts equatorward and variations of its location associated with 
Bz are observed at lower latitudes (Feldstein and Starkov, 1967; 
Vorobjev et al., 1975; Zverev et al., 1986). 

A characteristic cusp/cleft observation during negative IMF 
B2, marked in Fig. 4.1, is individual, poleward moving auroral 
forms (elongated arcs or patches). A typical magnetic agitation 
is usually observed in the local magnetic record from the ground 
when such an auroral structure is passing above (e.g. Sandholt, 
1987, Figs. 5,6,8; cf. also Lanzerotti et al., 1987). Longitudi
nal auroral movements are observed in cases of large IMF By 
component. It is suggested here that the phenomenon is a luminous 
"footprint" of an electrodynamic coupling mechanism involving 
repeated plasma injection across the magnetopause. Boundary layer 
dynamo processes like those proposed by Lemaire (1977) and Lundin 
(1984) are relevant in this connection. One attractive property 
of these models is that they explicitly describe a complete 
current circuit with a generator process that constitutes a power 
source for the observed discrete auroral forms and ionospheric 
Joule heat rates like those estimated in Sect. 3. 

The observed cusp structures, characterized by latitudinal 
widths " 50 km and a mean northward electric field within the 
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structure of * 100 mV/m (cf. Pig. 3.7) corresponds to a potential 
drop * 5 kV over • radial distance * 1000 la, when tapped to the 
frontside aagnetopause boundary layer. Thin see»* to be in rea
sonable p?reement with inferred "motional BHFs" across injected 
plasma filaments (cf. Lundin and Evans, 1985; their Pig. 5). 

The responses to the boundary layer dynamo in ionospheric 
Pedersen current, Birkeland current and field-aligned potential 
drop required by current continuity then drive enhanced electron 
precipitation which causes the discrete auroras. Such a model 
does not explain all the observations listed in Table 1, however. 
The IMF Br-related longitudinal movements seem to be better 
accounted for in a model involving magnetic merging (cf. Fig. 
2.1). The latitudinal motion of these transient euroral struc
tures (cf. Fig. 4.1), i.e. appearance at the cusp equatorward 
boundary (closed field lines ?/newly opened field lines ?) and 
subsequent disappearance near or poleward of the cusp poleward 
boundary (open field lines) are also consistent with this de
scription. 

An alternative explanation is that the different models, 
i.e. impulsive penetration into closed magnetospheric field lines 
and injection connected to open flux tubes after magnetic recon-
nection (cf. Table 1), describe different aspects of the plasma 
transfer process. It has been suggested that the injected plasma 
could be trapped on closed field lines after reconnection (Sato 
et al., 1986) . 

A final solution to this problem should be obtained after 
the CLUSTER mission, a multi-satellite project planned by ESA 
which will focus on the three-dimensional and small-scale struc
ture of plasmas in the high-altitude cusp region (cf. European 
Space Science - Horizon 2000, 1984). 
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Tablå 1. Cuap auroral atrueturea 

2a 

Observation 

• • • • • • • W 1 M 1 M M 1 •*•.*• • — 1 

Poleward drift 

Iapulslve pene
tration 

OK (hioh lat. onlvl 

Reconnection 

I U H I U I H U U 

OK 

Lifetime (3-15 «in) OK OK 

Occurrence: IMF Bi <0 OK OK 

Longitudinal aotion 
ralatad to IMF Bi NO OK 

Sariaa of avants -
recurrence tiae: 3-15 •in ? OK 

Northward E-field: 
• 100-200 mV/n OR OK 

Particle acceleration: 
AVII " 100-500 eV OK OK 

Latitudinal width: "50 km OK OK 
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Figur* captions 

Fig. 1.1 Relationship of Svalbard and Baiss Island stations to 
auroral oval <Q • 4) (ef. Feldsteln and ftarkov, 1»*7) 
and the sunlit earth in Daeexbar at Magnetic noon (* 09 
UT>. The North American observing chains are indicated 
to show the possibility of simultaneous observations of 
developing substorns on the nightside and the midday 
aurora fro» Svalbard and Reiss Island. 

Fig. 2.1 Sketch illustrating the B-W forces F exerted on open 
flux tubes in the presence of an IMF Bt field. The view 
is froa the sun. Also illustrated ia the resulting 
azimuthal flow in the dayaid» cusp region (Svalgaard-
Hansurov affect). The dashed line is the open field 
line boundary (After Cowley, 1981). 

Fig. 2.2 Sequence of events representing the positions of a 
solar wind plasma irregularity penetrating through the 
Bow Shock and Magnetopause. £« ia the sum of magnetisa
tion, grad-B, and curvature currenta; £cr is tha Chap-
man-Ferraro current density. £ is the polarisation 
electric field (- V x B_i ) induced in the magnetosphere 
by the plasma elementa moving with the velocity V; as 
soon as the plasma element is engulfed in a region with 
finite integrated Pedersen conductivity, the exceaa of 
kinetic energy of the intruding irregularity can be 
dissipated by Joule heating; the excess of momentum is 
transferred to the ionospheric plasma in the throat 
region (After Lemaire, 1979). 

Fig. 2.3 Left panel shows magnetoaheath magnetic field Z compo
nent in nanoteslas. Time is UT. Second panel shows 
photometer recording from Svalbard (north-south meri
dian scans) of the red oxygen line at 630.0 nm. Third 
and fourth panels show meridian photometer scans from 
Poker Flat (near Fairbanks), Alaska (65° geom. lat.). 
Fifth panel (far right) shows magnetometer recording 
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from tha station Arctic Villaga, Alaska Iff* geea. 
1st.», elesa to tha eantar of tha westward electrojet 
at 0130 OT. Tha IMF trace has been shifted by 15 «in in 
relation to the observations froa the ground, roughly 
corresponding to the tin* delay for the disturbance to 
reach the ionosphere. (After Sandholt at al.. 19>6a). 

Fig. 2.4 Magnetic indices for Dec. 10, 1913. Arrow and vertical 
dashed line nark the tine of the satellite pass above 
the cusp ionosphere (cf. Figs. 3.5, 3.6 and 3.7). 

Fig. 2.5 North-south meridian profiles of red oxygen line and 
blue nitrogen band in cusp aurora during a 25 ain 
period on Dec. 10, 1983. (After Sandholt at al., 
1986a.) 

Fig. 2.6 Sequence of Svalbard all-sky photos of tha midday 
aurora between 0814 and 0825 UT on Dec. 30, 1981. Tha 
geomagnetic orientation of tha pictures is indicated. 

Fig. 2.7 Interplanetary magnetic field in geocentric sun-eclip
tic (GSE) coordinates measured from ISEE-3 at the 
libration point ' 250 ,Ri upstream from the earth. 
Vertical full line marks a transition towards more 
negative IMF BY. The dashed line indicates the time of 
the auroral recording shown in Fig. 2.6. 

Fig. 3.1 Schematic of dayside, high-latitude field-aligned cur
rent systems for the north and south hemispheres. Left-
and right-hand panels show the dominant polar cap con
vection direction and effects on the noon sector Region 
1 and cusp systems caused by IMF B» < 0 and > 0, res
pectively. (After Potemra and Zanetti, 1985.) 

Fig. 3.2 Schematic northern hemisphere polar cap convection 
patterns for various IMF orientations. (After Reiff and 
Burch, 1985.) 
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Pig. 3.3 Relationship between tba amplitude and orientation of 

the interplanetary «agnatic (laid (ZMF> daft three 
panels) and intensity and location along tba «agnatic 
meridian of the midday polar cusp aurora above svalbard 
(grey-aeala rapraaentation of Intensity veraus zenith 
angle and tine la shown in the middle panel), as wall 
aa the geomagnetic disturbance field recorded at three 
Svalbard stations (right three panels). The data re
corded on the ground have been ahiftad by approximately 
15 min relative to the IMP trace, in order to take into 
account the time delay between the IMF signal detected 
by the satellite (XSIE-3) in the solar wind and the 
geophysical response observed on the ground. Arrows in 
the time-scale to the right on the figure nark two 
successive DMSP F-7 passes above the cusp aurora (cf. 
Fig. 3.4). The first pass occurred 1 hr to the west of 
Svalbard and the second one along the east-coast of 
Greenland. (After Sandholt et al., 1986b.) 

Fig. 3.4 Electron precipitation measurements during two succes
sive passes of DMSP F-7 between Svalbard and Greenland 
on Jan. 4, 1984. The polar cusp, narked by vertical 
full lines, is characterized by enhanced flux (J) 
(exceeding * 10 a el. cm-» s~* sr-') and decreased 
average energy (EAV) (below * 200 eV). Compare the 
optical data in Fig. 3.3. 

Fig. 3.5 Cusp aurora (red oxygen line at 630.0 nm) above Sval
bard, at 0804.45 UT, Dec. 10, 1983, photographed by an 
image intensified all-sky camera in Longyearbyen (white 
cross in the center). The light intensities (digitized 
from photographic film) have been projected down to a 
flat earth, with the geographic coordinates marked in 
the figure. The scanning direction of the Longyearbyen 
photometer system (dashed line through the zenith) and 
the HILAT trajectory (dashed line in lower left corner) 
are shown. White cross along the HILAT track marks the 
foot of field line coordinates of the satellite at 
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08.04.45 UT. The decreasing intanai.tr towards «agnatic 
wast (lowar laft cornar) is dua to raducad camera 
sensitivity at tha boundary of tha fiald of view. 
(Aftar Sandholt at al., 1987.) 

Fig. 3.6 North-south meridian photometer scans of auroral emis-
sions at 630.0 nm (OX) and 427.8 nm IN»*) obsarvad from 
Longyearbyen (LYR), Svalbard during an 11 min pariod 
(08.01-08.12 UT) including the HILAT pass at the Long
yearbyen latitude which occurred at ' 08.04.40 UT (cf. 
Figs. 3.5 and 3.7). The «quatorward boundary of the 
midday aurora and the poleward moving individual forms 
are marked in the right panel, while the calibration 
scales are given on the top. (After Sandholt et al., 
1987). 

Fig. 3.7 Upper panel: Ion drift transverse to the satellite 
trajectory (positive values corresponding to westward 
drift). Vertical arrows indicate the direction of the 
Poynting flux. Second panel: Magnetic field east-west 
component deflections (positive westward). Arrows indi
cate the direction of Birkeland currents. Lower panels: 
Electron precipitation data in logarithmic scales: 
average energy (keV), energy flux (keV/cm2 ster sec) 
and number flux (cm - 2 ster-' sec-'). Numbers 1, 2, and 
3 mark the latitudinal location of three main structu
res within the cusp (cf. Fig. 3.6). (After Sandholt et 
al., 1987.) 

Fig. 4.1 Simplified sequence of changing IMF orientation with 
associated responses in geomagnetic activity (DPI, DP2 
and DPY components) and midday auroras (including 
series of short-lived poleward moving forms during IMF 
Bz < 0), according to the present case studies. Typical 
average energies (Eo) of electron precipitation zones 
corresponding to the different midday auroras are 
listed at the bottom of the figure. 
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