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FOREWORD 

The inv i ted paper "Theory of the Aurora l Magnetosphere" was 
presented by Michael Schulz on 20 August 1981 at the Aurora l Workshop 
in Fin land, held 17-20 Augus t 1981 at the Un ivers i ty of Oulu. The pre-
sent wr i t t en version was prepared du r i ng September 1981 for 
publ icat ion in the Proceedings of the Aurora l Workshop in Finland, 
which wi l l take the form of a Sodankyla Geophysical Observatory Report 
consist ing of th is and other papers that were presented at the work-
shop. 

AVANT-PROPOS 

L'ar t ic le "Theory of the auroral Magnetosphere" a été présenté par 
Michael Schulz le 20 août 1981 au "Auro ra l Workshop" en Finlande, qui 
s'est tenu du 17 au 20 août 1981 à l 'Un ivers i té de Oulu. Cette version 
du manuscr ipt a été préparée en septembre 1981 pour publ icat ion dans 
les compte-rendus du auroral Workshop sous forme de rappor t du 
Sodankyla Geophysical Observatory où cet ar t ic le paraî t ra en même 
temps que d 'aut res cont r ibu t ions scient i f iques qui ont été présentées à 
l'occasion de ce Workshop. 

VOORWOORD 

De voordracht "Theory of the Aurora l Magnetosphere" werd ge-
geven door Michael Schulz op 20 augustus 1981, t i jdens de "Auro ra l 
Workshop" welke plaats had aan de Univers i te i t van Oulu (F in land) van 
17, tot en met 20 augustus 1981. De hier weergegeven geschreven tekst 
werd opgesteld in septemberg 1981, en zal gepubl iceerd worden in de 
"Proceedings of the Aurora l Workshop, Sodankyla Geophysical 
Observatory r e p o r t " . 

VORWORT 

Das Ar t i ke l "Theory of the Aurora l Magnetosphere" wurde bei 
Michael Schulz den 20 Augus t 1981 zum "Aurora l Workshop" in Finland 
an der Univers i tä t von Oulu vorge t ragen. Diese Ber icht wurde in 
September 1981 f ü r die "Proceedings" diese "Aurora l Workshop" ge-
schr ieben. 
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El S e g u n d o , Cal i forn ia, U . S . A . 90245 

Abs t rac t 

The aurora has come to be unders tood as a manifestation of 
ene r g y t rans fe r and plasma t rans fe r from the solar wind to the magneto-
sphere . The auroral oval seems to be a mapping of the bounda ry layer 
that lies just ins ide the magnetospher ic sur face, which cons i s t s of the 
magnetopause and neutral sheet. The auroral oval is consequent ly a 
region of reversa l for the meridional ( r , 0) component of the magneto-
spher ic convection electric field and thus a region of s t rong shear in 
the plasma dr i f t -ve loc i ty field. The velocity shear seems to account for 
the formation of eddies in the auroral " c u r t a i n " . Moreover , the kinema-
tical impedance associated with hot auroral plasma in magnet ic -mirror 
geometry makes it impossible for the reversal of the perpendicu lar 
(meridional) electric field ac ros s a narrow region of latitude to occur 
without the formation of a large parallel electric field. The s i gna tu re of 
the parallel electric field is such as to produce upgo ing ion beams and 
precipitat ing electron beams in the PM (a f te rnoon -even ing ) sector of 
local time, and to account for the polarity of Region-1 cu r ren t s as a 
funct ion of local time. Reg ion - l l c u r ren t s are re tu rn cu r ren t s that 
result from the need to conse rve cu r ren t despite the diminution of 
ionospher ic electric field with decreas ing latitude. The s t reng th of the 
parallel electric f ield, and consequent ly of all related auroral pheno-
mena, is dependent on the " reconnect ion eff ic iency" with which the 
interplanetary ( s o l a r -w ind ) electric field is admitted to the magneto-
sphere . The tangential component of the electric field is requ i red (by 
Maxwel l ' s equat ions ) to be cont inuous across the magnetopause and 
(moreover ) admits so la r -w ind plasma to the magnetosphere. The 
admitted plasma (along with that d rawn from the ionosphere by parallel 
electric f ie lds) becomes part of the plasma sheet and is available for 
precipitation, either in d iscrete arcs ( in response to s t rong parallel 
electric f ie lds) or in the d i f fuse aurora (v ia wave- induced p i tch-ang le 
sca t te r ing ) . However, the d i f fuse aurora can exper ience a spatial inten-
s ity modulation caused by non-convect i ve instabil it ies in the unde r l y i n g 
plasma and magnetic-f ield conf igurat ion. S u c h phenomena ( e . g . , mirror 
instabi l i ty) can lead to bands of particle precipitation al igned with the 
magnetospher ic convection pattern, as in the p re -dawn sector. 

1 V i s i tor d u r i n g four weeks of September 1981 at the Belg ian Space 
Aeronomy Inst i tute, 3 A venue C i rcu la i re , B -1180 B r u s s e l s . 

2 Co rnwa l l ' s permanent add re s s : Department of Ph y s i c s , U C L A , Los 
Ange le s , Cal i fornia 90024. 



Résumé 

Les aurores boréales sont des manifestations du t rans fe r d 'énergie 
et du t r ans fe r t de plasma du Vent Solaire vers l ' i n té r ieur de la Magnéto-
sphère. L'oval auroral semble être la project ion de la couche limite 
située immédiatement à l ' i n té r ieu r de la surface magnétosphérique qui 
comprend la magnétopause et la "neut ra l sheet" . L'oval auroral est par 
conséquent une région où la composante méridionale du champ de con-
vect ion électr ique s ' inverse, et donc une région où la vi tesse moyenne 
du plasma présente de fo r t s cisail lements qui engendrent des déforma-
t ions dans les "draper ies" aurorales. Par a i l leurs , l ' impédence cinéma-
t ique associée au plasma chaud de la région aurorale implique l 'existence 
de courants électr iques parallèles associés à cette invers ion de la compo-
sante perpendicula i re du champ élect r ique. Ces champs électr iques 
parallèles accélèrent des ions de l ' ionosphère vers le haut et engendrent 
la préc ip i ta t ion d'électrons dans la région située entre 13h et 23h temps 
local, ces champs électr iques parallèles engendrent également des 
courants au sein de la région I. Dans la région II on observe des 
courants de re tour qui résu l tent de la conservat ion du courant total 
malgré la d iminut ion du champ électr ique en fonct ion de la la t i tude. 
L ' in tensi té des champs électr iques parallèles et des phénomènes auro-
raux qui lui sont associés est dépendante de la "reconnect ion e f f ic iency" 
avec laquelle le champ électr ique in terp lanéta i re peut pénétrer au sein 
de la magnétosphère. Le composante tangent ie l le du champ électr ique est 
nécessairement cont inue au t rave rs de la magnétopause et peut fa i re 
pénétrer le plasma du Vent Solaire au sein de la magnétosphère. Dès 
que ce plasma a pénétré au sein de la magnétosphère, il alimente la 
plasmasheet qui est en quelque sorte le réservo i r des part icules qui 
préc ip i tent dans les régions aurorales en formant soit des arcs d isc re ts , 
soit des aurores d i f fuses . Cependant, les aurores d i f fuses peuvent 
var ie r en intensi té à cause d ' ins tab i l i tés non-convect ives au sein du 
plasma et de la conf igurat ion du champ magnétique. De tels phénomènes 
(par e x . , la m i r ro r i ns tab i l i t y ) peuvent donner lieu à des bandes de 
préc ip i ta t ion de part icules qui s 'a l ignent sur les equipotentiel les du 
champ électr ique de convection dans la région de temps local située 
avant 0600h. 
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Samenvat t ing 

De auro rae z i jn het gevo lg van energ ie - en p lasmat ranspor t van de 
zonnewind naar de magnetos feer . De au ro ra -ovaa l is de p ro jec t ie van de 
grens laag d ie z ich j u i s t b innen het magnetos fer isch o p p e r v l a k b e v i n d t , 
en dus de magnetopauze en de " n e u t r a l sheet" beva t . De au ro ra -ovaa l 
is b i jgevo lg een gebied waar in de mer id ionale componente van het con-
v e c t i e - e l e k t r i s c h e ve ld omkeer t . E lek t r i sche ve lden paral le l aan de 
magnet ische ve ld l i j nen in het a u r o r a - g e b i e d ve rsne l len de ionen u i t de 
ionosfeer naar bu i t en toe en ve roo rzaken een p rec ip i t a t i e van de e lek-
t r o n e n in het gebied tussen 13 u u r en 23 u u r p laatse l i j ke t i j d . Zij v e r -
oorzaken de e lek t r i s che st room in het gebied I . In het gebied II heeft 
men de t e r u g k e r e n d e stroom als gevo lg van het behoud van s t room, en 
d i t ondanks het fe i t da t het e l ek t r i s che ve ld in de ionosfeer afneemt 
voor dalende b reed tes . De i n tens i t e i t van de para l le le e lec t r i sche ve lden 
en van alle h ieraan v e r b o n d e n a u r o r a - v e r s c h i j n s e l e n , is a fhanke l i j k van 
de " reconnec t ion e f f i c i e n c y " waarmede het i n t e rp l ane ta i r e ( z o n n e w i n d ) 
e lek t r i sche ve ld de magnetosfeer b i n n e n d r i n g t . De tangent ië le compo-
nente van het e lek t r i sche ve ld aan de magnetopause is noodzake l i j k 
con t inue en laat bovend ien toe dat zonnewind plasma in de magnetosfeer 
b i n n e n d r i n g t . Nadat d i t plasma is b i n n e n g e d r o n g e n , v u l t het de "plasma 
sheet" en kunnen de deel t jes p rec i p i t e ren in het a u r o r a - g e b i e d . 
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Zusammenfassung 

Das Nord l icht ist eine Äusserung der Energie und Plasma Uber-
t ragung von dem Sonnen Wind zu r Magnetosphäre. Das "aurora l oval 
l iegt längst die Feldl inien der magnetosphärische Ebene d . h . die 
Magnetopause und die "Neutra l Sheet" . Das auroral Oval ist deswegen 
die Gegend wo das meridionale Teil des magnetosphärisches convection 
electr isches Feld sich s t räng ve rände r t , d . h . wo Eddies du rch die 
sharfe Geschwindigkei t Var iat ionen, erscheinen können. 

Parallele electr ische Felder ent langst aurorale magnetische Feld-
l inien beschleuningen Ionen aus der Ionosphäre, und Elektronen nach 
unten Diese beschleunigte Elektronen sind am häuf igsten am Nachmittag 
und Abend Lokale Zeit beobachet worden. Sie bi lden das e lekt r ische 
Strom der "Region I " . Die "Region I I " enthäl t die Rückwärts Stromen. 
Die Intensi tät der Parallele e lekt r ische Felder und der abhangingen 
aurorale Phenomenen, hängt von der "Reconnection e f f i c iency" ab. Das 
e indr ingende Sonnen Wind Plasma fü l l t ersten die Plasmasheet und kann 
endl ich in die Aurora l Region beschleunigt werden wo es entweder ve r -
worrenes Nord l icht oder d iscrete L ichterschein igungen p rodus ie r t . 
Intensi täts Variat ionen des verworenes Nord l ich t sind du rch non-con-
vect ive instabi l i t ies" p roduz ie r t . Solche Instabi l i tä ten können Bander 
von beschleunigte Tei lchen produz ieren. 
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1. INTRODUCTION 

This is supposed to be an introductory review of the aspects of 
magnetospheric theory that have a bearing on auroral phenomena. The 
discrete-auroral oval seems to be a mapping (along magnetic-field lines) of a 
boundary layer at (or just inside) the magnetospheric surface. The 
magnetospheric surface consists of the magnetopause and "neutral" sheet. 
The cross-magnetospheric "convection" electric field necessarily undergoes a 
sharp reversal (a near-discontinuity) in its meridional ( r , 6 ) component in 
this boundary layer and across magnetic-field lines that. map to the boun-
dary layer. The cold collisional ionospheric plasma near the foot of the 
auroral flux tube is unable to support such a near-discontinuity in the 
normal (to B) component of an electrostatic field without the concomitant 
appearance of an electric-field component parallel to B. This inability is a 
consequence of current conservation, Pedersen conductivity, and Ohmic 
resistivity in the ionosphere (Chiu, 1974). Moreover, the hot collisionless 
magnetospheric plasma in the same flux tube supports such a parallel (to B) 

electric field and thus causes the E to remain substantial even at altitudes 4 
up to about 10 km. The signature of this E (upward in the PM sector, 
downward in the AM) is plainly evident in ion and electron distributions 
observed from the S3-3 satellite (Mizera et a l . , 1976; Mizera and Fennell, 
1977). 

The ability of hot plasma to support a parallel electric field is a 
consequence of mirror forces which follow from the inhomogeneity of |B as 
Alfven and Falthammar (1963) proposed. Models based on a uniform magnetic 
field ( e . g . , Swift, 1975, 1976) lack this essential feature and so are more 
difficult to understand. Models of the parallel electric field supported by 
progressively realistic charged-particle populations in mirror geometry have 
been formulated by Persson (1966), Lemaire and Scherer (1974), and Chiu 
and Schulz (1978). However, these magnetic-mirror models were essentially 
one-dimensional and thus did not explain why the parallel electric field 
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appears in conjunction with reversals of the perpendicular electric f ie ld, 
e . g . , in the electr ic-f ie ld observations of Mozer et al. (1977) when these 
are combined with charged-part ic le observations (as reviewed by Cornwall 
and S c h u l z , 1979). However, an early one-dimensional magnetic-mirror model 
formulated by Kn ight (1973) yielded vo l tage-current character ist ics for an 
auroral f lux tube. Lyons (1980) inferred a kinematical impedance from 
similar characterist ic c u r v e s and used this (together with current conser-
vat ion) to map the correspondence of h igh-alt i tude electric fields perpen-
dicular to B with the auroral potential s t ructure inferred from particle and 

«MM* 

field observations. It is not entirely clear that the kinematical impedance 
associated with mirror forces can be treated for all intents and purposes as 
an Ohmic resistance, and so Chiu and Cornwall (1980) analyzed the more 
complicated two-dimensional problem by means of Poiccon's equation. Their 
calculation yielded a reasonable width scale for auroral arcs and " inverted-
V" s t ructures but may have left some loose ends in the treatment of 
magnetosphere-ionosphere coupling at low alt itudes. Swift (1979) had mean-
while extended his previously cited "oblique shock" calculations to the case 
of an inhomogeneous B̂ field and thereby obtained an interesting represen-
tation of the auroral potential s t ructure , although the cross- f ie ld width 
scale remains an adjustable parameter of his model. 

T h e di f fuse aurora occurs equatorward of the discrete aurora, and 
therefore on closed field l ines. The di f fuse aurora is customarily attributed 
to a near-equatorial scattering of geomagnetical ly trapped particles 
(const itut ing the inner part of the plasma sheet, or equivalently the outer 
part of the r ing c u r r e n t ) rather than to the action of a parallel electric 
f ield. T h e di f fuse-auroral region seems more nearly symmetric in local time 
than the discrete-auroral oval , so that the two are essential ly adjacent at 
midnight and well separated at noon. Both types of aurora receive particles 
from the plasma sheet, but the di f fuse-auroral region seems to t rack more 
nearly the dr i f t shell of a particle that mirrors near the edge of the loss 
cone. T h e enhancement of d i f fuse-auroral precipitation that occurs in the 
mid-morning sector seems reasonable in view of the energization that 
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electrons would have experienced in drifting toward that sector ( i .e. , 

toward dawn and therefore against the convection electric field) from mid-

night (e .g . , Jentsch, 1976). An interesting question is how the diffuse 

aurora can be modulated in space and time to produce the patches and 

pulsations that are commonly observed in it. An equally interesting question 

is how the discrete aurora can be modulated in space and time so as to 

procedure the convoluted (and sometimes multiple) arc structures that are 

commonly observed there. 

2. E L E C T R I C - F I E L D MAPPING 

It is well known that the solar-wind velocity vector makes a consid-

erable angle with the interplanetary magnetic field. The non-alignment 

occurs in part because of the rotation of the sun (which creates the Parker 

spiral through a "garden-hose" effect) and in part because of transitory 

disturbances of the solar-wind plasma and magnetic field (e .g . , following a 

solar flare). The consequence of such effects is an electric field in inter-

planetary space. If the surface of the magnetosphere were to behave as a 

perfect conductor, then the magnetosphere would be impervious to this 

interplanetary electric field, and interplanetary magnetic field lines would 

be diverted so as to slide around the magnetopause rather than penetrate 

it. This idealization, known as the "closed" magnetosphere, comes close to 

being realized only when the solar wind has been very quiet and the inter-

planetary B field has been predominantly northward (at least in its north-

south component relative to the earth's dipole) for several days. Converse-

ly, if the surface of the magnetosphere were to behave as a perfect in-

sulator and the magnetosphere as a perfect vacuum, then the interplanetary 

electric field would penetrate the magnetosphere undiminished. This 

idealization is never realized, although it was used by Dungey (1961) to 

illustrate an extreme example of what has come to be known as the "open" 

magnetosphere. 
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The t r u t h , as usual, lies somewhere between the two extreme ideali-

zations. The magnetosphere admits perhaps 20% of the interplanetary 

electric field when the interplanetary B_ field has a strong southward com-

ponent, but only a few percent of the interplanetary electric field when the 

interplanetary magnetic field has a northward component. Schulz (1980) has 

shown how a modest re- interpretat ion of the model used by Dungey (1961) 

can accommodate the admission of an a rb i t ra ry fraction e of the interplane-

ta ry electric field into the magnetosphere. The process whereby a fraction 

of the interplanetary electric field is admitted into the magnetosphere is 

known as "reconnection" because it requires (at least in a geometrically 

realistic model of the magnetosphere) a b lur r jng of the distinction between 

interplanetary field lines and magnetospheric field lines in the description of 

magnetic topology. It is not yet clear whether the process called 

"reconnection" requires some plasma instability (such as the tearing mode) 

to operate, or whether instead the low density characteristic of interplane-

ta ry and magnetospheric plasma makes partial admission of the interplane-

ta ry electric field into the magnetosphere inevitable. A th i rd al ternat ive, 

proposed by Lemaire (1979) , is that the solar wind must already have 

small-scale irregulari t ies upstream of the magnetopause in order for 

"reconnection" to occur. 

The foregoing emphasis on electric-f ield mapping is consistent with 

the definition of "reconnection" proposed by Vasyliunas (1975) : the 

process whereby plasma flows across a surface that separates regions con-

taining topologically d i f ferent magnetic-field lines. The separatrix in this 

case consists of the magnetospheric surface and its mapping along magnetic 

field lines to the auroral oval. The plasma flow is the JE x B_ dr i f t associated 

with the tangential component of the electric field at the separatr ix , for in 

the absence of such a tangential component the admission of any fraction of 

the interplanetary electric field into the magnetosphere would violate the 

electrostatic continuity laws imposed by Maxwell's equations. 

Reconnection thus creates a dawn-to-dusk potential drop proportional 

to the southward component of the interplanetary magnetic f ield. This can 



modify magnetopause c u r r e n t s , energize part ic les in the plasma sheet , and 

init iate B i rke land c u r r e n t s (para l le l to JB) to the extent that the ear th 's 

ionosphere will accept them. Indeed, the lat itudinal inhomogeneity of the 

"convection" e lectr ic f ield at ionospheric alt i tude combines with the requi re-

ment of cu r ren t conservat ion (Ampere's law) to produce a fa i r l y complex 

pattern of B i rke land c u r r e n t s . T h e main cu r ren t (cal led Region-I c u r r e n t ) 

enters the ionosphere in the AM sector of the d iscrete-aurora l oval and 

ex i t s in the PM sector , as one might expect from the direct ion of the 

potential drop. Associated with th is is a f a i r l y uniform Pedersen cu r ren t 

across the polar cap. However , the Pedersen c u r r e n t at sub-aurora l lati-

tudes is so inhomogeneous that perhaps 90% of it must re turn to the 

magnetosphere rather than flow from the AM sector to the PM sector . T h i s 

re tu rn c u r r e n t , which occurs equatorward of the auroral a r c , is known as 

the Region-I I c u r r e n t . 

Vol land (1975) has constructed a model electrostat ic potential for the 

convection electr ic f i e ld , so as to i l lust rate the foregoing ideas v e r y wel l . 

He has introduced, in e f fec t , a cr i t ica l latitude corresponding to the auroral 

ova l , across which the normal component of the ionospheric e lectr ic f ield is 

d iscont inuous . T h e e lectr ic f ield in his model is uniform across the polar 

cap but not at sub-aurora l lat i tudes. Indeed, his sub-aurora l ionospheric 

e lectr ic f ield decreases sharp ly in magnitude from a maximum at the cr i t ica l 

latitude to a broad minimum at the equator . The sub-aurora l Pedersen 

c u r r e n t thus has a s t rong equatorward component that the spat ia l ly de-

creas ing e lectr ic f ield cannot sus ta in . C u r r e n t conservat ion requ i res , there-

fore , the appearance of Region-I I B i rke land cu r ren t s along the magnetic 

f ie ld . T h e discont inui ty of the normal component of £ across the auroral 

oval in the model of Volland (1975) is real ist ic on the large (magneto-

spher i c ) scale but leads to d i f f i cu l ty with cu r ren t conservat ion unless a 

large paral lel (to J3 ) e lectr ic f ield is added at the site of d iscont inuity ( c f . 

C h i u , 1974). T h e paral lel e lectr ic f ield would have to be downward in the 

AM sector and upward in the PM sector , in accordance with the flow of 

Region-I cu r r en t s and with the observed (Ghielmetti et a l . , 1978) p rev-

alence of upgoing ion beams in the PM sector . Neverthe less , the f ie ld-



mapping resul ts of Lyons (1980) and the d i rec t observat ions of Mozer et al. 

(1977) cast doubt on the proposi t ion that the d iscont inu i ty of the convection 

electr ic f ie ld i tsel f is su f f ic ient to produce the aurora. It seems from these 

studies that a smaller-scale d iscont inu i ty of larger magnitude is both re-

qu i red and present . Lemaire (1981) has suggested that the s t r u c t u r e of the 

charge layer at the boundary of the magnetosphere i tself must be 

considered and would be prof i tab le to invest igate in th is context . 

3. MODULATIONS AND IRREGULARITIES 

The near -d iscont inu i ty of the perpendicular electr ic f ie ld across the 

auroral oval suggests a s t rong shear in the convect ion-veloc i ty f ie ld there. 

One should expect th'e Kelvin-Helmholtz ins tab i l i ty to occur , and indeed it 

seems to. The folds and eddies that make the discrete aurora look like a 

cur ta in when seen from afar would be an expected consequence of the 

Kelvin-Helmholtz ins tab i l i ty (Hal l inan, 1970). However, these could al terna-

t ive ly resul t f rom the Kruska l -Shaf ranov ins tab i l i t y , an MHD phenomenon 

that causes a c u r r e n t sheet to buckle when the cu r ren t densi ty becomes too 

large (Hasegawa, 1970; Fors lund, 1970). The buck l ing occurs as a conse-

quence of mutual at t ract ion between parallel cu r ren ts . Construct ion of an 

MHD equi l ibr ium for an auroral cu r ren t sheet suggests therefore that the 

sheet should become th inner as the c u r r e n t is increased. This considerat ion 

perhaps accounts for the sharper def in i t ion of an active auroral cur ta in as 

compared wi th a quiet auroral arc . Mutual at t ract ion between parallel 

cu r ren ts can also lead to the f i lamentation of a c u r r e n t sheet, as in the 

case of a tear ing-mode ins tab i l i t y . An in terest ing question is whether the 

same phenomenon can lead to a b i furcat ion of the cu r ren t sheet into two or 

more parallel sheets. Such an ins tab i l i ty ( i f it occurs) might o f fe r an 

explanation of the appearance of mult iple auroral arcs, at least when these 

cannot be a t t r ibu ted to the extreme convolut ion of a single arc so as to 

create the optical i l lusion of mult iple s t ruc tu res . 

Modulation of the d i f fuse aurora is presumed to resul t from modulation 

of the wave intensit ies responsible for scat ter ing the auroral part ic les into 
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the loss cone. This can happen, fo r example, if a ULF ins tab i l i t y modulates 

the plasma densi ty and/or magnet ic- f ie ld s t reng th near the magnetospheric 

equator and thereby modulates the g rowth rate fo r some VLF wave mode, 

e i ther electromagnetic (Coron i t i and Kennel, 1970) or e lectrostat ic . The 

resu l t could be a pulsat ing aurora . An extreme example of such modulation 

could occur i f the ULF ins tab i l i t y were to occur at zero f requency and be 

non-convect ive, as in the diamagnetic m i r ro r ins tab i l i t y ( e . g , Scarf et a l . , 

1967). Hasegawa (1969) has, of course, pointed out tha t the mi r ro r insta-

b i l i t y becomes convect ive when the magnetic f ie ld is inhomogeneous, and it 

seems clear tha t a perpendicu lar electr ic f ie ld would also make the insta-

b i l i t y convect ive. However, the least convect ive exci tat ions of the mi r ro r 

ins tab i l i t y would seem to be those fo r which the propagat ion vector is most 

near ly perpendicular to the d r i f t veloci ty of the hot plasma, i . e . , of the 

plasma that is making the mi r ro r mode unstable. The resul t should be a 

family of s t r ia t ions , rough ly parallel to the d iscre te-aurora l oval , bu t in the 

d i f fuse aurora. These st r ia t ions would be passed on in the usual way from 

(a) s t r ia t ions in the equatorial J^- f ie ld in tens i ty and hot-plasma densi ty to 

( b ) s t r ia t ions in the growth rates of e lec t ron-cyc lo t ron waves, e i ther 

electromagnetic or e lectrostat ic , to (c ) s t r ia t ions in the wave intensi t ies to 

( d ) s t r ia t ions in the e lec t ron-prec ip i ta t ion rate and (perhaps more impor-

t a n t l y ) in the resonant-electron energy requ i red fo r prec ip i ta t ion to (e) 

s t r ia t ions in the optical character is t ics of the d i f fuse aurora. Such a 

mechanism might account fo r the appearance of mult ip le "arcs" in the 

d i f fuse aurora of the post -midn ight sector. The supply of electrons fo r 

prec ip i ta t ion would not necessari ly be depleted by th is process, since the 

d r i f t shells of hot electrons and hot protons intersect obl iquely wi th each 

other and wi th the d r i f t shells of cold plasma. 
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