
I N S T I T U T D ' A E R O N O M I E S P A T I A L E D E B E L G I Q U E 

3 - A v e n u e C i r c u l a i r e 

B - 1 1 8 0 B R U X E L L E S 

i 

« 

A E R O N O M I C A A C T A 

A - N° 2 9 9 - 1 9 8 5 

D y n a m i c a l p l a s m a p a u s e p o s i t i o n s d u r i n g 

t h e July 2 9 - 3 1 , 1 9 7 7 , 

s t o r m p e r i o d : a c o m p a r i s o n of o b s e r v a t i o n s a n d t i m e 

d e p e n d e n t m o d e l c a l c u l a t i o n s 

by 

Y. C O R C U F F , P. C O R C U F F a n d J. L E M A I R E 

B E L G I S C H I N S T I T U U T V O O R R U I M T E - A E R 0 N 0 M I E 

3 , • R i n g l a a n 

B - 1 1 8 0 B R U S S E L 



F O R E W O R D 

T h i s work has beeh presented A u g u s t 17th, 1983 at the 

sympos ium "Ro le of Ionospher ic Plasma in the P lasmasphere and Magneto -

sphe re " which has been held in Hamburg d u r i n g the X V I I I t h Meeting of 

I A G A . It will be pub l i shed in " A N N A L E S G E O P H Y S I C A E " . 

A V A N T - P R O P O S 

Ce travai l a été présenté Ie17 août 1983 au sympos ium "Ro le 

of Ionospher ic Plasma in the P lasmasphere and Magnetosphere " qu i s ' e s t 

tenu à Hamburg , lors de la X V I I I e Assemblée Générale IUGG de l ' I A G A . 

Ce travai l sera publ ié dans " A N N A L E S G E O P H Y S I C A E " . 

V O O R W O O R D 

Dit werk werd op 17 a u g u s t u s 1983 voo rged ragen bij het 

sympos ium "Role of lonospher ic Plasma in the Plasmasphere and Magneto -

sphe re " gehouden te Hamburg tijdens de X V I lle I A G A v e r g a d e r i n g . Dit 

werk zal u i tgegeven worden in " A N N A L E S G E O P H Y S I C A E " . . . 

V O R W O R T 

Diese Arbe i t ist am 17 A u g u s t 1983 zum sympos ium "Ro le of 

lonospher ic Plasma in the Plasmasphere and Magnetosphere " das in 

Hamburg während des I A G A meeting, mitgeteilt worden. Die A rbe i t w i rd 

- i n " A N N A L E S G E O P H Y S I C A E " he rausgegeben werden. 
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Ab s t r ac t 

The theory for the formation of the plasmapause proposed b y 

Lemaire (1974, 1975) takes into account the mechanism of plasma in ter -

change motion. In the framework of th i s t heo ry , which has been 

i l lustrated by Lemaire and Kowalkowski (1981) u s i n g Mc l lwa in ' s 

s tat ionary electric field model E3H, plasma dens i ty holes a lways tend to 

dr i f t toward an asymptotic trajectory identified as the plasmapause. In 

the present article, we extend the application of th i s numerical method 

to non- s ta t ionary E- f ie ld models to test the theory d u r i n g a magnetic 

storm s ituation. 

The temporal evolution of the plasmapause bounda r y is 

s tud ied over a period of three and a half d a y s cove r ing the succes s i ve 

subs torm events of Ju ly 29 and Ju ly 30, 1977. The equatorial plasma-

pause posit ion in di f ferent local time sectors is f i r s t calculated as a 

funct ion of un iversa l time u s i n g electric field d i s t r ibut ions der i ved from 

the models of Vo l l and -S te rn and Mcl lwain, with similar var iat ion of the 

electric field intens i ty as a funct ion of the K p index. 
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Model p red i c t i ons are t hen compared w i t h exper imenta l data 

deduced f r om a la rge number of w h i s t l e r s rece ived at Kergue len and at 

General Be lg rano . I n - s i t u e lec t ron d e n s i t y measurements made on boa rd 

t he GEOS-1 sa te l l i te , and est imates of l ow -a l t i t ude plasmapause 

boundar ies deduced by Fennel l et a l . (1982) f rom S3-3 sate l l i te data are 

also used f o r t h i s s t u d y . 

From the compar ison of t he obse rva t i ons and theore t i ca l model 

ca lcu la t ions , we i n f e r t h a t when t h e mechanism of plasma i n t e r change 

motion is t aken in to account t he ca lcu la ted pos i t ions of t he plasmapause 

f i t t he observa t ions be t t e r t h a n in t he case of t he classical MHD 

app rox ima t i on . 

The t ime dependen t E3H and V o l l a n d - S t e r n ' s e lec t r i c f i e l d 

models respec t i ve l y descr ibe sa t i s f ac to r i l y a number of f ea tu res wh ich 

are o b s e r v e d . Some of the observa t ions p resen ted can be i n t e r p r e t e d in 

f a v o r of bo th E-fi.eld models. The d isc repanc ies f o u n d between t h e 

observa t ions and the numer ica l s imulat ions can be used to c o r r e c t t h e 

empir ica l E - f i e l d models used in model ca lcu la t ions of t he plasmpause 

pos i t ions . 



Résumé 

Ori a déterminé l ' évo lu t ion des pos i t i ons de la p lasmapause 

pendant la pér iode dès sous -o rages magnét iques s u r v e n u s [ lès 29 et 
> i 

30 ju i l l e t 1977. Les pos i t ions équator ia les de la p lasmapause ont été 

ca lcu lées en fonc t i on du temps un i ve r s e l en u t i l i s an t deux t ype s 

d i f f é r en t s de modèles de champs é l ec t r i ques dépendan t de la v a l eu r de 

l ' i nd i ce d ' a c t i v i t é géomagnét ique K . Ces deux d i s t r i b u t i o n s sont H 
dédu i tes respec t i vement du modèle de Vo l l a nd - S t e r n et de ce lu i de 

Mc l lwa in . Pour chacunes de ces deux d i s t r i b u t i o n s de champs 
Y . 

é lec t r i ques on a e f fec tué le ca lcu l des pos i t ions de la p lasmapause avec 

et sans t en i r compte du mécanisme d ' i n s tab i l i t é d ' échange p roposé pa r 

Lemalre (1975) pou r e xp l i q ue r la formation de la p lasmapaube. 

On montre notamment que la dé f i n i t i on c l a s s i que de la p lasma-

pause condu i t en g é n é r a i à des résu l t a t s a r b i t r a î r è s qu i ne sont pas 

indépendant des cond i t i ons i n i t i a l e s . Seu le la méthode de ca lcu l basée 

s u r le mécanisme d ' i n s tab i l i t é d ' échange donne des pos i t i ons de p lasma-

pause qu i sont i ndépendantes des cond i t i ons in i t i a les . 

Les pos i t ions théo r i ques de la p lasmapause sont comparées 

avec des v a l eu r s expér imenta les dédu i tes d ' un g r and nombre 

d ' obse rva t i ons de s i f f lements magnétosphér iques recue i l l i s aux s ta t ions 

de Ke rgue len et de Genera l Be l g r ano . Des mesures de dens i tés 

é lec t ron iques réa l isées à l 'a ide des sate l l i tes GEOS-1 et S3-3 ont 

également été ut i l i sées dans not re é tude . 

De la compara ison des obse rva t i ons et des résu l t a t s t héo r i ques 

on peut conc lu re que le mécanisme d ' i n s tab i l i t é d ' échange est impor tant 

dans le p rocessus de format ion de la p lasmapause. Nous montrons 

également que de te l les compara isons en t re les pos i t ions théo r i ques et 

expér imenta les de la p lasmapause permet tent d 'amél iorer les modèles de 

d i s t r i bu t i on des champs é lec t r i ques de la magnétosphère . 



Samenvat t ing 

Men hee f t de evo lu t ie van de p laatsen van de plasmapauze 

bepaald g e d u r e n d e de per iode vari de magnet ische deels tormen die z ich 

voordeden op 29 en 30 j u l i 1977. De equator ia le p laatsen van de plasma-

pauze werden be rekend in f u n c t i e van de un i ve rse le t i j d en g e b r u i k 

makend van twee ve rsch i l l ende soor ten modellen van e l e k t r i s c h ve ld d ie 

a fhanke l i j k z i jn van de waarde van de geomagnet ische a c t i v i t e i t s i n d e x 

K . De twee ve rde l i ngen worden respec t ieve l i j k a fge le id van hét model 

van V o l l a n d - S t e r n en dat van Mc l lwa in . Voor e lk van deze twee 

e lek t r i sche v e l d v e r d e l i n g e n werden de plaatsen van de plasmapauze 

be rekend om de vo rm ing van de plasmapauze u i t te leggen. De ene keer 

werd h i e r b i j r e k e n i n g gehouden met het ons tab i l i t e i t su i tw i sse l i ngs -

mechanisme voorges te ld door Lemaire (1975) ; de andere keer we rd er 

geen reken ing mee gehouden. 

Men toon t voora l dat de k lass ieke de f i n i t i e van de plasmapauze 

gewoonl i j k le id t t o t a r b i t r a i r e resu l ta ten die n ie t ona fhanke l i j k z i jn van 

de beg in toes tanden . Al leen de bereken ingsmethode die gebaseerd is op 

het ons tab i l i te i t su i tw isse l ingsmechan isme gee f t de p laatsen van de plasma-

pauze die a fhanke l i j k z i jn van de beg in toes tanden . 

De theore t i sche plaatsen van de plasmapauze wo rden 

ve rge leken met exper imente le waarden a fge le id van een g roo t aantal 

magnetosfer ische f l u i t e r - w a a r n e m i n g e n verzameld in de s ta t ions van 

Kergue len en General Be lg rano . Met ingen van e l e k t r o n e n d i c h t h e i d , 

v e r r i c h t met behu lp van de sate l l ie ten GEOS-1 en S3-3, werden 

eveneens in onze s tud ie g e b r u i k t . 

Van de v e r g e l i j k i n g van de waarnemingen en de theo re t i sche 

resu l ta ten kunnen wi j bes lu i ten da t het ons tab i l i t e i t su i tw i sse l i ngs -

mechanisme een be lang r i j ke fac to r is b i j de vo rm ing van de plasma-
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pauze . Wij tonen eveneens aan dat de rge l i j ke v e r ge l i j k i ngen tus sen de 

theo re t i s che en exper imente le p laatsen van de p lasmapauze toelaten de 

ve rde l i ngsmode l l en van de e l e k t r i s che ve lden van de magnetosfeer te 

v e r bé t e r en . 



Zusammenfassung 

Man hat die Evolution der Plätze der Plasmapause bestimmt 

während der Periode der magnetischen Teilstürmer am 29 und 30 Juli 

1977. Die Äquatorialplätze der Plasmapause wurden berechnet mit Rück -

sicht auf der universellen Zeit und zwei verschiedene Sorten Modellen 

von elektrisches Feld gebrauchend, abhängig vom Wert der geo-

magnetischen Aktivitätsindex K . Die zwei Verteilungen werden 

respektive abgeleiteit vom Modell Vol land-Stern und Mcllwain. Für jede 

von diesen zwei Verteilungen von elektrisches Feld werden die Plätze 

der Plasmapause berechnet um die Formung der Plasmapause zu 

erklären. Einmal wurde gerechnet mit dem Unstabi l i tät-Austausch-

mechanismus vorgestellt vom Lemaire (1975); ein anderes Mal hatte man 

nicht mit dem Mechanismus gerechnet. 

Man zeigt besonders dass die klassische Definition der Plasma-

pause gewöhnlich führt zu willkürliche Resultaten die nicht unabhängig 

s ind von den Anfangszustanden. Nur die Berechnungsmethode die sich 

basiert auf dem Unstabil ität-Austauschmechanismus gibt die Plätze der 

Plasmapause die abhängig sind von den Anfangszustanden. 

Die theoretische Plätze der Plasmapause werden vergl ichen mit 

Experimentalwerten abgeleiteit von vielen magnetosferischen Pfeif-

geräuschebeobachtungen gesammelt in den Stationen Kerguelens und 

General Belgranos. Messungen von Elektronendichtigkeit, getan mit der 

Hilfe von den Satelliten GEOS-1 und S3-3, wurden auch in unserer 

Studie benützt. 

Von der Vergleichung der Beobachtungen und der 

theoretischen Resultaten, können wir uns entschliessen dass das 

Unstabilität-Austauschmechanismu.s ein wichtiger Faktor ist bei der 

Formung der Plasmapause. Wir zeigen auch dass solche Vergle ichungen, 



zwischen den theoretischen und experimentellen Plätzen der Plasma-

pause, zulassen die Verteilungsmodellen der elektrischen Felden der 

Magnetosphäre zu verbessern . 
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1. I N T R O D U C T I O N 

Two theories have been proposed in the past to explain the 

plasma density gradients associated with the plasmapause. In both of 

them, the magnetospheric plasma motion is dominated by the large scale 
o 

convection velocity V = ( E x B ) /B where B is the geomagnetic field 

and E the perpendicular electric field : the sum of the corotational and 

solar wind induced electric fields. The latter, for which many different 

models have been proposed (see, for instance, reviews by Lemaire 

(1975) and by Stern (1977)), has a dominant component directed from 

dawn towards dusk across the magnetosphere. 

In the simple MHD theory of the plasmapause formation, it is 

assumed that the ionosphere is a very good conductor of electricity, 

and consequently that the integrated Pedersen conductivity of all 

magnetic field lines, as well as the parallel electric conductivity, are 

both infinitely large. A s a result the perpendicular electric field inside 

any magnetospheric plasma element must be identical to the large scale 

background (external) electric field. The streamlines of plasma f lux-

tubes are then parallel to the equipotential surfaces corresponding to 

the externally imposed electric field. 

According to this approach, the plasmapause is considered to 

be the last closed equipotential surface of the electric field which has 

often been purposely tailored to fit the observations (Br ice 1967). In 

the analytical and classical model of Kavanagh et al. (1968), this equi-

potential coincides with the boundary between plasma f lux-tubes that 

drift indefinitely along closed streamlines around the Earth, and flux 

tubes that are periodically emptied when they drift to the magnetopause 

as a result of MHD convection (Nishida, 1966). In this model the solar 

wind induced electric field is assumed to have a uniform intensity EQ 

directed from dawn to du sk ; the last closed equipotential defines a 



tea r -d rop shaped plasmapause and is character ized by a s tagnat ion 

point whose posit ion at 1800 LT depends on E . 

However , in empirical electric field models like Mc l lwa in ' s E3H 

model (1974) , the last closed equipotential extends to the magnetopause 

far beyond the actual posit ion of the ob se r ved plasmapause in the d u s k 

sector ( Ca rpen te r , 1966). T h i s and other cons iderat ions have led 

Lemaire (1975) and Lemaire and Kowalkowsk i (1981) to propose a 

d i f ferent phys ica l mechanism for the formation of the p lasmapause. 

T h i s alternative mechanism leads to the natural formation of a 

" k nee " in the equatorial plasma dens i ty d i s t r ibut ion even for the simple 

corotation electric field d i s t r ibut ion devoid of any s tagna l iun point (or 

any other mathematical s i n gu l a r i t y ) , and for which the last closed 

equipotential extends also to the magnetopause as in the case of 

Mc l lwa in ' s E3H model. Acco rd ing to the mechanism proposed by Lemaire, 

the formation of the plasmapause is a consequence of in terchange motion 

of plasma elements in the f ields of gravitat ional and " cen t r i f uga l " 

fo rces . 

In o rder to achieve s ign i f icant interchange velocit ies, the 

va lues of the Pedersen conduct iv i ty must be low and comparable to 

those ex i s t ing in the n ight s ide ionosphere. Indeed, the interchange 

velocity u, for a plasma element with dens i ty smaller or larger than the 

b a c k g r o u n d dens i t y , is i nver se l y proport ional to the integrated 

Pedersen conduct iv i ty (Lemaire, 1975); u is also proport ional to the 

dif ference in densit ies between the ins ide and the outs ide of a plasma 

i r regu la r i t y . Near midnight, th is interchange velocity can become as 

large as 30 per cent of the convection velocity V of the b a c k g r o u n d 

plasma as determined from the external E-f ie ld intens i ty . T h e in ter -

change velocity becomes equal to zero where the gravitat ional and 

centr i fugal accelerations balance each other. Beyond th i s limit any 

plasma dens i ty excess is peeled off from the p lasmasphere, and ejected 
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by the "centr i fuga l f o rce " . On the con t r a r y , as shown in f i gu re 1, a 

plasma hole whose dens i t y is smaller than the b a c k g r o u n d den s i t y , and 

which is released ins ide the p lasmasphere, will spiral outward until it 

reaches a stable asymptotic trajectory identified by Lemaire and 

Kowalkowsk i (1981) as the plasmapause. All plasma holes formed a n y -

where in the magnetosphere will collect and form a t r o u g h at th i s 

trajectory along which the gravitat ional force is, on the average , 

balanced by the "centr i fuga l f o rce " . The large plasma dens i t y 

enhancement formed beyond th i s t r ough becomes a detached plasma 

element which ultimately moves away from the Earth because of the 

outward directed "centr i fuga l f o rce " . 

Tu lest th is model of plasmapause based on plasma in ter -

change motion, we have taken advantage of the avai labi l ity of a 3 - d a y 

sequence of whist ler and satellite data cover ing the magnetic storm of 

Ju ly 29, 1977, to compare theoretical predict ions of the t ime-va ry ing 

posit ion of the plasmapause with its ob se rved location. 

T h i s IMS event was the topic of a Coord inated Data A n a l y s i s 

Workshop in October 1979. It was chosen for d i f ferent reasons , the 

most important of which was that several subs to rms occu r red on that 

day following a v e r y quiet period (Manka et a l . , 1982), and that the 

magnetopause moved inward to a near - record minimum nose distance of 

6.2 R e after the arr iva l of an interplanetary shock at 0027 UT (Kno t t 

et a l . , 1982). Later in the day , the interplanetary magnetic field t u rned 

no r thward , the magnetosphere became quiet, and the polar cap 

collapsed to a v e r y small area. Ju ly 29, 1977, was a day with v e r y 

s t rong activ ity and v e r y rapid changes of magnetospher ic boundar ie s , 

in part icular of the plasmapause for which we have a relatively large 

number of good experimental data. 
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NOON MIDNIGHT 

asymptotic 
trajectory 

for plasma holes 

F ig . 1 . - Equa to r ia l d r i f t pa th of a plasma d e n s i t y 

enhancement ( so l i d c u r v e ) and of a plasma hole 

( d a s h e d c u r v e ) whose d e n s i t y a re r e s p e c t i v e l y 

20% l a r g e r and 20% smal ler t h a n t h e b a c k g r o u n d 

d e n s i t y . T h e asymp to t i c t r a j e c t o r y of al l plasma 

holes de te rm ine t h e pos i t i on of t h e equa to r i a l 

p lasmapause ( f r o m Lemaire and K o w a l k o w s k i , 

1981) . 
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2. T H E O R E T I C A L S T U D Y O F T H E P L A S M A P A U S E E V O L U T I O N 

2 . 1 . T ime d e p e n d e n t e lectr ic f ield models 

A c c o r d i n g to the two a l te rna t i ve t heo r i e s ment ioned a b o v e , 

the c u r v e s d e f i n i n g the p l a smapause s h o u l d co inc ide with a s h a r p d r o p 

in thermal p lasma concen t r a t i on , bu t on l y . if the g loba l e lectr ic f ie ld 

pa t te rn ha s remained s t a t i ona r y f o r at least one d a y , w h i c h is the time 

r e q u i r e d fo r a p lasma element to be convec ted all the way r o u n d the 

E a r t h . 

U n f o r t u n a t e l y , the e lectr ic f ie ld d i s t r i b u t i o n is se ldom, if 

e v e r , s t a t i ona r y fo r a long per iod of time; the ou te r p l a s m a s p h e r e is 

u s u a l l y in a d ynam i c state of r e c o v e r y ( C o r c u f f et a l . , 1972; C a r p e n t e r 

a n d P a r k , 1973) . Global time d e p e n d e n t e lectr ic f ield d i s t r i b u t i o n s a re 

d i f f i cu l t to determine f rom spacec ra f t o b s e r v a t i o n s a lone, o r e ven f r om 

g r o u n d ba sed wh i s t l e r o b s e r v a t i o n s p r e s e n t l y ava i lab le . B u t t he re is 

a l r eady p len ty of exper imenta l e v i dence tha t , at the on se t of s u b s t o r m s , 

the d a w n - d u s k component of the la rge scale m a g n e t o s p h e r i c e lectr ic 

f ie ld is s t r o n g l y e n h a n c e d . It ha s become a s t a n d a r d p r o c e d u r e to 

cor re la te t h i s enhancement in the d a w n - d u s k component of the g e o -

electr ic f ie ld wi th the i nc rea se in the geomagnet i c a c t i v i t y a s m e a s u r e d 

b y the i ndex K p ( G r e b o w s k y et al, 1974; C h e n et a l . , 1975 ) . A l t h o u g h 

the t h r e e - h o u r i ndex K p may not be the bes t cho ice ( S p i r o et a l . , 

1981 ) , he re we h a v e fol lowed th i s s t a n d a r d p r o c e d u r e , and h a v e 

a s s umed that the g lobal geoe lect r ic f ie ld is u n i q u e l y de te rmined b y the 

i n s t an t aneou s va l ue of K p . 

Seve ra l empir ical re lat ions between the e lectr ic f ie ld s t r e n g t h 

and the magnet ic ac t i v i t y i ndex K p ( o r Km) h a v e been d e d u c e d f r om 

d i f f e ren t t y p e s of measu rement s . A compara t i ve s t u d y b y Be r chem a n d 

Etcheto ( 1981 ) s h o w s that the re l a t i on sh ip e s t ab l i s hed b y C a r p e n t e r a n d 

P a r k ( 1973 ) : 
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Lpp = 5.7 - 0.47 Kp (1) 

is quite representat ive in determining the equatorial p lasmapause 

posit ion Lpp in the pos t -midn ight sector as a funct ion of Kp . 

We have introduced th i s relation in the two following electric 

field models which have been used to simulate the motions of the 

equatorial plasmapause d u r i n g the subs to rm events of Ju ly 29, 1977. In 

o rde r to smooth out the sha rp d iscont inuit ies ex i s t ing in the t h ree -hou r 

Kp va lues as a funct ion of Un iversa l Time, we have cons t ructed a 

s l i ght ly d i f ferent index whose va lues are shown by a solid line in f i gu re 

2; the arrow marks the instant of the storm sudden commencement. 

a) A time dependent electric field d i s t r ibut ion der ived from the 

Vo l l and -S te rn model 

Vol land (1973) and S te rn (1974, 1975) have introduced a 

semi-empirical geoelectric field model which has one more free parameter 

than the or ig inal model of Kavanagh et al. (1968). In a corotating frame 

of reference, their convection electric field can be der i ved from the 

potential (see for instance Mayna rd and Chen , 1975; Ejiri et a l . , 

1978) : 

<|> = ARY s i n > (2) 

where R is the geocentr ic distance in Earth radi i, the geomagnetic 

longitude, A a coefficient related to the intens ity of the electric field 

and y a parameter which, accord ing to Vol land and S t e rn , can best be 

set equal to 2. Ejiri et al. (1978) found that th i s steady state Vo l l and-

S te rn electric field appears to predict both the plasmapause pos i t ions 
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F i g . 2 . - Kp i n d e x f o r t h e p e r i o d J u l y 26 -31 , 1977. T h e 

t h i c k e r l ine shows t h e ac tua l v a r i a t i o n of t h e 

i n d e x a d o p t e d in o u r model c a l c u l a t i o n . T h e a r r o w 

m a r k s t h e i n s t a n t o f t h e SSC. 

- 14 -



a n d the ene r ge t i c part ic le pene t r a t i on s d e d u c e d f rom E x p l o r e r 45 

o b s e r v a t i o n s much better t h a n the un i f o rm d a w n - d u s k e lectr ic f ie ld 

wh i ch c o r r e s p o n d s to -y = 1. F u r t h e r m o r e , M a y n a r d and C h e n ( 1975 ) 

s u cceeded in i n t e r p r e t i n g the locat ions of the p l a smapau se , a n d the 

i so lated cold p lasma r e g i o n s o b s e r v e d with E x p l o r e r 45, b y u s i n g the 

same model, wi th y•= 2, a n d e x p r e s s i n g A as a f u n c t i o n of K p . 

If the corotat ion e lectr ic f ield is s u p e r i m p o s e d on t h i s 

convec t i on f ie ld , the r e s u l t i n g potential is g i v e n b y : 

GO 0 
<!> (kV) = - ^ + AR s i n cp (3 ) 

t R 

T h i s convent iona l e lectr ic potential d i s t r i b u t i o n ha s a 

s t a gna t i on po in t , a n d the geocen t r i c d i s t ance at m i d n i g h t (00 M L T ) of 

the last c losed equ ipotent ia l p a s s i n g t h r o u g h t h i s d u s k s t a gna t i on po in t 

is g i v e n b y : 

2.389 
R = — — - — n r ( 4 ) 

0 0 [ A ( k V / R * ) l 1 / 3 

h 

In the f r amework of the M H D t h e o r y ment ioned above , Rqq 

c o r r e s p o n d s to the p l a smapause pos i t ion L p p . It fo l lows t hen f rom ( 1 ) 

a n d ( 4 ) that 

0.0736 
A(kV/R^) = z ( 5 ) 

(1 - 0 .0825 K ) 
P 
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b ) A time d e p e n d e n t e lectr ic f ie ld d i s t r i b u t i o n d e r i v e d f rom 

M c l l w a i n ' s E3H model 

Mc l lwa i n (1972 , 1974) d e d u c e d the E3H empir ical model f rom 

A T S - 5 part ic le d r i f t o b s e r v a t i o n s nea r g e o s t a t i o n a r y o r b i t . In c o n t r a s t 

to the V o l l a n d - S t e r n model, wh i ch h a s o n l y two ad jus tab le pa r amete r s 

( eq . 2 ) , the E3H e lectr ic convec t i on potential is g i v e n b y : 

<J>(kV) = 10-92 ( B / 3 1 0 0 0 ) 1 / 3 

6 20 
+ 2 2 £ exp 

i = l j = l J 
a. (B - B . ) 2 - b . ( 1 - l u s (<p - <P.)) 

l i J J 
(6) 

where the 120 coef f ic ients and the o the r pa ramete r s B j , b., a. a n d cp. 

h a v e been dete rmined b y Mc l lwa in fo r s t e ady geomagnet i c ac t i v i t y a n d 

fo r K p between 1 and 2. In add i t i on to a l a rge d a w n - d u s k e lectr ic f ie ld 

component , t h i s model con ta i n s an e n h a n c e d radial e lectr ic f ie ld in the 

p o s t - m i d n i g h t s ec to r . T h e s e r i e s of 6 x 20 te rms in the r i g h t h a n d s i de 

of ( 6 ) a re we i gh ted g a u s s i a n s cen t red at a g r i d of po in t s located at 20 

d i f f e ren t local time ang l e s ( c p . ) a n d a long 6 d i f f e ren t B j - s h e l l s . 

Un l i ke the V o l l a n d - S t e r n model, t h i s geoe lect r i c f ield d i s t r i b u -

t ion ha s no s t a gna t i on po int s i n g u l a r i t y w i th in the limits of the magne to -

s p h e r e . 

T o obta in better c o r r e s p o n d e n c e with K p v a l u e s ou t s i de the 

r a n g e K p = 1 - 2 , Mc l lwa in ( 1974 ) s u g g e s t e d i n t r o d u c i n g a scale fac to r f 

s u c h that a family of d i f f e ren t electr ic f ield models can be d e r i v e d b y 

the c o n v e r s i o n : 
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T h e a m p l i t u d e s t ' . o f t h e c o n v e c t i o n e l e c t r i c f i e l d c o m p o n e n t s 
IJ 

i nc rease l i n e a r l y w h e n f d e c r e a s e s , b u t t h e v a l u e o f t h e p r o d u c t a1 B is 

i n d e p e n d e n t of f . 

I t m i g h t have been p r e f e r a b l e t o i n t r o d u c e d i f f e r e n t scale 

f a c t o r s f . . f o r each o f t h e local t ime s e c t o r s c e n t r e d a r o u n d a n d f o r 
•J J 

each i n t e r v a l o f r a d i a l d i s t a n c e w h e r e t h e e q u a t o r i a l magne t i c f i e l d is 

equa l t o B j . U n f o r t u n a t e l y , w i t h o u t d i r e c t g loba l m e a s u r e m e n t s , s u c h a 

d e t a i l e d d e s c r i p t i o n of t h e m a g n e t o s p h e r i c e l e c t r i c f i e l d d i s t r i b u t i o n is 

s t i l l b e y o n d o u r g r a s p . For t h e t ime b e i n g , f o r c e o f c i r c u m s t a n c e s leads 

us t o make s imp le a s s u m p t i o n s a b o u t t h e f . . ' s and a b o u t t h e i r 

d e p e n d e n c e on t h e geomagne t i c a c t i v i t y . 

T h e s imp les t a s s u m p t i o n is t h e n to c o n s i d e r t h a t al l f . . ' s a r e 

equa l t o each o t h e r and t h a t t h e i r common v a l u e ( f ) is an a n a l y t i c 

f u n c t i o n o f t h e t h r e e - h o u r geomagne t i c i n d e x K p . Note t h a t t h e V o l l a n d -

S t e r n t ime d e p e n d e n t e l e c t r i c f i e l d d e s c r i b e d above is also based on 

s u c h a s imp le a s s u m p t i o n . 

T h e f o l l o w i n g r e l a t i o n be tween f a n d Kp : 

f = 2 .55 - ( 1 .85 + 0 .403 K p ) 1 / 2 (8 ) 

has been o b t a i n e d in an emp i r i ca l m a n n e r , in o r d e r to f i t t h e t h e o r e t i c a l 

p lasmapause p o s i t i o n s in t h e p o s t - m i d n i g h t sec to r t o t h o s e g i v e n b y t h e 

r e l a t i o n ( 1 ) f r o m C a r p e n t e r and P a r k . Fo l l ow ing t h e method d e s c r i b e d 

b y Lemai re ( 1 9 7 6 ) , t h e pos i t i ons o f t h e a s y m p t o t i c t r a j e c t o r i e s of p lasma 

holes have been d e t e r m i n e d f o r d i f f e r e n t va lues of f . T h e c o r r e s p o n d i n g 
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plasmapause posit ions at 01 M L T were then compared with Lpp , g i ven 

by eq. ( 1 ) , so as to obtain the relat ionship (8 ) between the scale 

factor f and Kp . 

The quest ion whether th i s empirical time dependent electric 

field model der i ved from Mc l lwa in ' s s tat ionary E- f ie ld model is or is not 

a sat i s factory approximation of the actual global geoelectric field d u r i n g 

the subs torm of Ju ly 29, 1977, will be d i s cu s sed below where the 

theoretical calculations are compared with the ob se r ved plasmapause 

pos i t ions. 

2 .2 . Descr ipt ion of the theoretical model calculations 

In all ou r calculations we have assumed that the theoretical 

posit ion of the plasmapause bounda r y coincides at any instant of time 

with the trajectory of plasma dens i ty holes, as s u gge s ted by Lemaire 

and Kowalkowsky (1981). Plasma holes with an initial dens i ty 20% of the 

b a c k g r o u n d dens i ty have been cons idered and released succes s i ve l y at 

ha l f -hour intervals at a d istance of 5 in the 18 M L T sector. In fact, 

the final trajectory depends v e r y little on the coordinates of the point 

where the plasma holes are initially released, at least for t >> t Q , where 

t is the initial time of integrat ion. Consequent l y , the mechaniscm of 
o 

plasma interchange motion leads to a plasmapause posit ion which is 

independent of >t . 

The interchange velocity u has been calculated with the 

latitudinal and local time d i s t r ibut ion of the integrated Pedersen 

conduct iv i ty g i ven by Gurev i ch et a l . , (1976), a model which is K p -

dependent. 

The convection velocity V has been determined u s i n g the two 

time dependent electric field d i s t r ibut ions descr ibed in the p rev iou s 

section and der ived succes s i ve ly from the Vo l l and -S te rn ( V - S ) model 

i 
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and f rom Mc l lwa in 's E3H model. A d ipo la r magnet ic f i e l d has been 

assumed in t he f i r s t case, wh i le t he magnet ic f i e ld model M2, i n t r o d u c e d 

by Mc l lwa in (1974) , has been adopted in the second case. 

The d i f f e r e n t panels of f i g u r e 3 show, f o r example, t he 

asympto t ic t r a jec to r i es ob ta ined w i t h t he V -S model ( f i g s . 3a, 3b and 

3c) and w i t h the E3H model ( f i g s . 3d , 3e and 3 f ) , success ive ly 48, 60 

and 72 j ou rs a f t e r the in i t ia l t ime of i n t eg ra t i on t = 00 UT on J u l y 27, 

1977. These t ra jec to r i es co r respond to t he ou te r edge of the plasma-

pause respec t i ve l y at 00 UT and 12 UT on Ju l y 29 and at 00 UT on 

Ju l y 30. . 

I t is f rom a ser ies of such f i g u r e s t h a t we have been able to 

de te rmine the ou te r edge of t he equator ia l plasmapause pos i t ion as a 

f u n c t i o n of Un iversa l Time in each local t ime sec to r , f rom 12 UT on 

Ju l y 28 un t i l 24 UT on Ju ly 31, 1977. The resu l t s f o r the sectors 

00-01, 06-07, 09-10, 12-13, 15-16 and 18-19 MLT are shown in f i g u r e s 5 

and 6, where t he c u r v e s rep resen t the theore t i ca l plasmapause pos i t ion 

as ca lcu lated us ing the t ime dependent E - f i e l d d i s t r i b u t i o n s d e r i v e d 

f rom the V -S model (on the le f t hand s ide) and f rom the E3H model (on 

the r i g h t hand s i d e ) . 

The f i g u r e 3e shows t h a t , at 12 UT on Ju l y 29, 12 hou rs 

a f t e r t he SSC, plasma holes have reached the magnetopause in t he 

a f te rnoon sector where t h e y are lost f rom the magnetosphere . Such 

d r i f t s exp la in t he gaps wh ich appear in the theore t i ca l cu rves d r a w n in 

f i g u r e 6. 

3. DESCRIPTION OF EXPERIMENTAL DATA 

3 . 1 . Whis t ler data 

The va r ious c i rc les on the panels of f i g u r e s 5 and 6 show t h e 

resu l ts deduced f rom the analys is of wh i s t l e r s p ropaga ted near t he 
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F ig . 3 . - Equatorial boundar ies of the piasmasphere obtained succes s i ve ly at 00 UT and 12 

UT on Ju ly 29 and at 00 UT on Ju ly 30, 1977, with the time dependent electric 

field d i s t r ibut ions der ived from Vo l l and - S te rn ' s model ( three upper panels ) and 

from Mcl Iwain ' s E3H model ( three lower pane l s ) . The model calculations take into 

account the effect of plasma interchange motion (u t 0) and the outer edge of the 

plasmapause coincides with the asymptotic trajectory of plasma dens i ty holes which 

are success i ve ly released in the d u s k sector. 



!

0955 1103 1233 1508 1708 1751 1817 1837 UT 
1127 12 22 1317 1450 1630 1728 1818 1910 MLT 
4.87 6.00 6.82 6.71 5.26 4.34 3.67 3.08 R /Re 

F ig . 4 . - Equator ia l dens i ty prof i les ( N
e q ) i n the a f te rnoon-dusk sector 

deduced from GEOS-1 relaxat ion sounder data (exp . S.3.01) 

for the four last days of J u l y 1977. The dens i ty profi le" of 

Ju l y 28, co r respond ing to the qu iet day preced ing the 

magnetic storm of Ju l y 29, is reproduced in each panel fo r 

comparison. T he dotted parts of the prof i les are smoothed 

interpolat ions when data are miss ing. PP re fers to the plasma-

pause posit ion supp l ied by the e lectr ic f ie ld double . probe 

exper iment on GEOS-1. 



WHISTLER DATA 

o N ,̂ < 10 cm'3 

O 10. 20 

© 20. 50 

* 50. 100 

• 100 . 200 
• 200 . 500 

# N«, > 500 

S3 3 DATA 

I Low attitude 

plasm apause 

boundary 

deduced from 

ionic density 

measurements 

(from Fennell 

et al.,1982). 

F ig . 5 . " Radial d istances of the equator ia l plasmapause in d i f f e ren t local time 
— sectors ve r sus un iversa l time, between 12 UT on Ju l y 28 and 24 UT on 

Ju l y 31, 1977. The time dependent Vo l land-Stern 's (on the left hand 

s ide) and Mcl lwain 's E3H (on the r i gh t hand s ide) e lectr ic f i e ld 

d i s t r ibu t ions have been used in these model calculat ions which take 

into account the ef fect of plasma interchange motion. T he d i f f e ren t 

symbols show the resul ts deduced from S3-3, GEOS-1 and wh is t le r 

observat ions; the i r type and size indicate the o rder of magnitude of 

the equator ia l e lectron dens i ty accord ing to the scale on the r i gh t 

hand s ide. Panels a, b and c co r respond to the 00-01, 06-07 and 09-10 

magnetic local time sectors respect ive ly . 
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00 00 00 UT 
28 29 I 30 31 

00 00 00 UT 
28 29 I 30 31 

WHISTLER DATA 

o N.q < K> c m 1 

0 1 0 - 2 0 

© 2 0 . 50 

* 5 0 . 100 

• 100-200 
• 2 0 0 - 5 0 0 

6 N w , > 5 0 0 

GE0S1 DATA 
7 Naq < 10 cm"3 

V 1 0 - 2 0 

V 2 0 . 5 0 

* 5 0 . 75 

+ Plamapause 

crossing by 

GEOS at 1846 UT 

on juty 29. 

S3 3 DATA 

Plasmapause 

boundary 

deduced from: 

1 ionic density 

measurements 

+ different 

observations 

at 17 UTon july 28 

(from Fenneit 

et al. , 1982). 

Fig. 6 . - The same as in f i gu re 5, but for other magnetic local time sectors 

12-13 M L T ( a ) , 15-16 M L T ( b ) and 18-19 M L T ( c ) . 



plasmapause and recorded at Kergue len ( L = 3 . 7 ) and General Be l g r ano 

( L = 4 .5 ) in Antarct ica . The i r ord inates represent the L - v a l ue s of the 

whist ler pa ths ; their type and size indicate, accord ing to the scale on 

the r i gh t hand s ide, the o rder of magnitude of the equatorial electron 

dens i t y . Sol id c irc les co r re spond to the inner dense p lasmasphere, and 

open circ les to the tenuous reg ion beyond the plasmapause; dots ins ide 

open circ les and s ta r s co r re spond to the plasmapause bounda r y or to 

expand ing p lasmasphere reg ions that have relatively low dens i t ies o r 

that are in the process of refi l l ing with cold ionospher ic plasma. 

Whist lers have been analyzed by means of Co r cu f f ' s method 

(1977). Equatorial electron densit ies and L - v a l ue s of whist ler duc t s 

have been determined uc ing o d i f fuc ivc equi l ibr ium model for all 
- 3 

densit ies greater than 100 cm ( co r re spond ing to the interior of the 

p lasmasphere) . For equatorial densit ies less than 100 cm , we have 

used an h y b r i d model (Co r cu f f and Co rcu f f , 1982) with a R ~ 4 dens i t y 

d i s t r ibut ion in the equatorial region up to 30°, and a d i f fu s i ve 

(equilibrium d i s t r ibut ion at h i gher latitudes down to an altitude of 

1000 km. 

3.2. G E O S - 1 and S 3 - 3 data 

The small t r iang les on f i gu re 6 i l lustrate, in a similar way , 

the va lues of the equatorial electron dens i ty deduced from in - s i tu 

measurements made by means of the relaxation sounder flown in the 

G E O S - 1 satellite (Etcheto and B loch, 1978). Because of experimental and 
- 3 

orbital limitations, on ly densit ies below 75 cm , measured between 4 

and 7.5 R ^ , are available from G E O S - 1 data. Furthermore, in Ju l y 

1977, the satellite apogee was located in the afternoon sector; therefore 

G E O S - 1 data are shown only in f i gu re s 6a, 6b and 6c co r re spond ing to 

the noon, afternoon and d u s k local time sectors respect ive ly . 



On the i nbound p a r t of i ts o r b i t , the geocen t r i c d is tance R 

( i n Ear th r a d i i ) of GEOS becomes d i s t i n c t l y lower than the L - v a l u e of 

t he f i e l d l ine pass ing t h r o u g h the pos i t ion of t he sa te l l i te , as ind ica ted 

b y the abscissa scales in f i g u r e 4. C o n s e q u e n t l y , t he measured d e n s i t y 

N g is g r e a t e r t han the c o r r e s p o n d i n g equator ia l d e n s i t y N at t he top 

of the f i e l d l ine ( C o r c u f f and C o r c u f f , 1982). T h e geomagnet ic l a t i t ude 

of GEOS be ing always less than 30° and the measured e lec t ron d e n s i t y 
-3 

be ing always lower than 75 cm , we have deduced the N va lues f r o m 

the re la t ion : 

N = N ( R / L ) 4 (9) 
eq e 

- 4 

assuming a R d e n s i t y d i s t r i b u t i o n along the f ie ld l ine in the equator ia l 

reg ion up to 30°, as in the analys is of w h i s t l e r s t h a t have p ropaga ted 

ou ts ide the plasmapause (see sect ion 3 . 1 ) . 

F igure 4 shows the d e n s i t y p ro f i l es t h u s ob ta ined f o r t he 

per iod J u l y 28-31, 1977, p lo t ted on a l inear L scale. The J u l y 28 

p r o f i l e , wh ich co r responds to t he q u i e t day p reced ing the magnet ic 

s torm of J u l y 29, is super imposed on each of o t h e r p ro f i l es f o r t he sake 

of compar ison. I ts o u t b o u n d and i n b o u n d p a r t s e x h i b i t a s h a r p plasma 

dep le t ion , respec t i ve l y near 1215 and 1630 LIT, showing a plasmapause 

c ross ing at h i g h L - v a l u e s near 6 .8 and below 7 .5 in t he a f te rnoon 

sec to r . On J u l y 29, a re la t i ve l y dense zone of plasma is s t i l l seen up to 

1230 UT as p r e v i o u s l y r e p o r t e d and i n t e r p r e t e d by Etcheto and Bloch 

(1978) who s tud ied dens i t y p ro f i l es measured between J u l y 25 and 

J u l y 29, 1977. B u t a f t e r h a v i n g reached i ts apogee, GEOS s tays ou ts ide 

the plasmasphere t i l l at least 1830 UT or L = 4; e lec t ron d e n s i t y 

measurements based on e lec t r ic doub le p robe data show t h a t t he d u s k 

plasmapause c ross ing occurs near 1846 UT or L = 3 . 4 (see Fennell 

e t a l . , 1982). 
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T h e d e n s i t y p ro f i l es of J u l y 30 and 31 are t y p i c a l of a 

magnet ica l ly d i s t u r b e d p e r i o d . T h e d e n s i t y remains low d u r i n g the two 

passes and the sate l l i te was lost b y t he t r a c k i n g s ta t ion be fo re 

e n c o u n t e r i n g the plasmapause and r e e n t e r i n g t h e p lasmasphere. These 

observa t ions are cons is ten t w i t h p rev ious measurements showing t h a t , 

d u r i n g a magnet ica l ly d i s t u r b e d p e r i o d , t h e plasmapause is fo rmed 

c loser to t he E a r t h . 

F ina l l y , in t h i s s t u d y we have also used the est imates of t h e 

plasmapause b o u n d a r y deduced by Fennell et a l . (1982) f rom ionic 

d e n s i t y measurements made in t he polar sate l l i te S3-3 , between 1000 and 

4000 km a l t i t u d e , near dawn and d u s k . T h e c o r r e s p o n d i n g resu l t s are 

ind ica ted by v e r t i c a l bars in f i g u r e s 5 and 6; t h e leng th of some ba rs 

is re la t i ve l y g r e a t because the d e n s i t y data on J u l y 29 o f ten show a 

v e r y slow v a r i a t i o n w i t h i n v a r i a n t la t i tude and have reg ions of e levated 

(> 100 ions cm ) d e n s i t y e x t e n d i n g ove r 3 - 6 ° . 

In f i g u r e 6c, the cross at 17 UT on J u l y 28 locates the low-

a l t i t ude plasmapause b o u n d a r y obta ined f rom d i f f e r e n t S3-3 obse rva t i ons 

and the cross at 1846 UT on J u l y 29 co r responds to t he plasmapause 

c ross ing by GEOS. I t is w o r t h w h i l e to note the good agreement between 

the d u s k plasmapause pos i t ions deduced f rom k n e e - w h i s t l e r s ( 3 . 4 < 

< 3 .6 at 1955 U T ) , GEOS-1 ( L p p = 3 ,4 at 1846 U T ) and S3-3 ( 2 . 6 

< L < 3 .5 at 1930 U T ) da ta . 
PP 

4. COMPARISON OF MODEL PREDICTIONS AND EXPERIMENTAL RESULTS 

a) From f i g u r e s 5 and 6, i t can be seen t h a t accord ing to t he 

two d i f f e r e n t s imulat ions p r e s e n t e d , the plasmasphere exper iences large 

radia l d isplacements in all local t ime sectors as a consequence of t he 

in tense subs to rm a c t i v i t y d u r i n g the f i r s t 15 hou rs of J u l y 29. 

However , the d i rec t ions of these deformat ions and the response t ime of 



the p l a s m a s p h e r e d e p e n d v e r y much on the magnet ic local time and on 

thé a s s u m e d geoe lect r i c f ield d i s t r i b u t i o n . 

In the p o s t - m i d n i g h t local time secto r ( f i g . 5 a ) , t he r e is an 

immediate c ompre s s i on of the p l a s m a s p h e r e when K ^ i n c r ea se s : the 

p l a smapau se move s , in less t h a n s i x h o u r s , f rom an initial po s i t i on 

b e y o n d 4 R ^ to a minimum pos i t i on nea r 3 R ^ . T h i s is c o n s i s t e n t w i th 

c u r r e n t ideas about p l a smapau se d y n a m i c s ba sed on exper imenta l 

e v i dence ( C h a p p e l l et a l . , 1970a; C a r p e n t e r and P a r k , 1973; C o r c u f f , 

1975 ) . 

A t the same time the re is an o u t w a r d motion of the p l a sma -

p a u s e in the noon local time secto r immediately after the S S C ind i ca ted 

b y an a r r o w at 00 U T on J u l y 29 ( f i g . 6 a ) . T h e re la t i ve ly h i g h v a l u e s 
- 3 

of the equator ia l e lect ron den s i t i e s ( N ~ 65 and 45 cm ) m e a s u r e d b y eq 

G E O S - 1 in t h i s local time sec to r , r e spec t i v e l y at about 11 and 12 U T on 

J u l y 29 ( s ee f i g u r e 4b , between 6 and 6 . 5 R ^ ) , con f i rm the radia l 

e x p a n s i o n of the d a y s i d e p l a s m a s p h e r e p red i c ted b y both model 

ca l cu la t ions . 

In both s imu la t ions the i nwa rd d i sp lacement of the p l a sma -

p a u s e , wh i ch immediately fo l lows the S S C in the n i g h t s i d e , a p p e a r s in 

the d a y s i d e with a time de lay wh i ch i n c r ea se s l i near l y wi th magnet i c 

local time. T h e exper imenta l data con f i rm the se theoret ica l r e s u l t s , 

e spec ia l l y in the dawn sector ( f i g . 5 b ) whe re the data f rom the S 3 - 3 

satell ite are in good ag reement wi th tho se d e d u c e d f rom w h i s t l e r s a n d 

f rom G E O S - 1 o b s e r v a t i o n s . In t h i s sector the p l a smapause moves c l o se r 

to the Ea r t h wi th a s h o r t time de lay after the S S C ; it r eaches a m in i -

mum radial d i s t ance of 3 R £ a r o u n d 12 U T on J u l y 29 in good ag reement 

with both model ca l cu la t ions . 

b ) A c c o r d i n g to the exper imenta l data in f i g u r e 6c the p l a sma -

p a u s e a lso moves c lo se r to the E a r t h in the d u s k j u s t af ter the S S C : 
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tvyo d i ë t i n c t s u c c e s s i v e i n w a r d mot ions can be i d e n t i f i e d . T h e f i r s t 

i n w a r d mot ion b r i n g s t h e d u s k s i d e p lasmapause f r o m a p r e - S S C p o s i t i o n 

c lose to 6 R e t o a p o s t SSC p o s i t i o n a t 4 . 8 R £ . T h i s i n w a r d mot ion is 

r a t h e r wel l s i m u l a t e d b y t h e c a l c u l a t i o n s based on t h e V o l l a n d - S t e r n 

model ( f i g . 6c , l e f t h a n d s ide p a n e l ) f o r w h i c h t h e s t a g n a t i o n p o i n t 

moves c l o s e r t o t h e E a r t h w h e n t h e d a w n - d u s k E - f i e l d c o m p o n e n t 

i nc reases as K is e n h a n c e d . T h e o u t e r p a r t o f t h e d u s k s i d e p lasma-
P 

s p h e r e is t h e n r i p p e d o f f b y an e n h a n c e d w e s t w a r d c o n v e c t i o n v e l o c i t y . 

A r a t h e r d i f f e r e n t e v o l u t i o n o f t h e p lasmapause p o s i t i o n is 

s h o w n in t h e r i g h t h a n d s ide panel o f f i g u r e 6c o b t a i n e d w i t h t h e t ime 

d e p e n d e n t E3H model d e s c r i b e d in sec t i on 2 . 1 b . A c c o r d i n g t o t h i s 

mode l , t h e d u s k s i d e p l a s m a s p h e r e ar id i t s o u t e r edge e x p a n d r a d i a l l y u p 

to t h e magne topause b e y o n d 10 immed ia te ly a f t e r t h e o n s e t o f t h e 

S S C . As a c o n s e q u e n c e , t h e e q u a t o r i a l d e n s i t y d i s t r i b u t i o n in t h e d u s k 

s e c t o r is r e d u c e d . A lso p o s s i b l y , as a r e s u l t o f t h i s rad ia l e x p a n s i o n , 

a n o t h e r " k n e e " can be f o r m e d c l o s e r t o t h e E a r t h a t t h e b o u n d a r y 

b e t w e e n t h e i n n e r d e n s e c o r o t a t i n g p a r t o f t h e p l a s m a s p h e r e a n d an 

o u t e r e x p a n d e d o n e . T h e ac tua l loca t ion o f t h a t " k n e e " has n o t , 

h o w e v e r , been d e t e r m i n e d n u m e r i c a l l y in t h i s p a p e r . 

I t can a l r e a d y be c o n c l u d e d , t h e r e f o r e , t h a t in t h e d u s k local 

t ime s e c t o r t h e p o s i t i o n of t h e o u t e r edge o f t h e p l a s m a s p h e r e o b t a i n e d 

w i t h t h e t ime d e p e n d e n t model o f V o l l a n d - S t e r n d i f f e r s d r a s t i c a l l y f r o m 

t h a t c a l c u l a t e d w i t h t h e E3H mode l . In t h e f o r m e r case t h i s b o u n d a r y 

moves c loser t o t h e E a r t h and t h e s h e a r e d p l a s m a s p h e r e s h o u l d 

t e r m i n a t e r a t h e r s t e e p l y , w h i l e in t h e l a t t e r case t h e d u s k s i d e p lasma-

s p h e r e is w i d e l y e x p a n d e d a f t e r t h e o n s e t o f t h e SSC. A t a f i r s t 

g l a n c e , t h e e x p e r i m e n t a l d a t a s h o w n in f i g u r e s 6c b e t w e e n 00 U T a n d 

24 U T on J u l y 29 seem to s u p p o r t b e t t e r t he f o r m e r E - f i e l d model more 

t h a n t h e l a t t e r o n e . H o w e v e r t h e s e o b s e r v a t i o n s can e q u a l l y wel l be 

used in s u p p o r t o f t h e E3H model c a l c u l a t i o n s and can be i n t e r p r e t e d as 

t h e i n n e r edge o f an e x p a n d e d p l a s m a s p h e r e r e g i o n . I n d e e d , as 
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i n d i c a t e d b y t h e i n b o u n d p a r t o f t h e J u l y 29 p r o f i l e in f i g u r e 4 b , t h e 

d e n s i t y p r o f i l e in t h e a f t e r n o o n and d u s k s e c t o r s b e t w e e n L = 7 . 7 a n d 

L = 4 resembles t h e l_"4 s h a p e ; t h i s is t y p i c a l o f t h e e x p a n d e d p lasma-

s p h e r e s w h i c h a r e o f t e n o b s e r v e d in t h e s e local t ime s e c t o r s ( C h a p p e l l 

e t a l . , 1970b; B e r c h e m and E t c h e t o , 1981; D e c r e a u e t a l . , 1982; 

C o r c u f f a n d C o r c u f f 1982) . T h e r e l a t i v e l y low v a l u e s o f N g q m e a s u r e d 

in t h i s r e g i o n show t h a t t h i s e x p a n d e d p a r t o f t h e p l a s m a s p h e r e is 

p a r t l y d e p l e t e d , as i n d e e d p r e d i c t e d f r o m t h e E3H model c a l c u l a t i o n s . A 

c lea r c u t a n s w e r to t h e s e t w o a l t e r n a t i v e s s c e n a r i o w o u l d r e q u i r e d , 

h o w e v e r , d e t a i l e d m u l t i s t a t i o n and c o o r d i n a t e d o b s e r v a t i o n s i n c l u d i n g 

p lasma b u l k v e l o c i t y m e a s u r e m e n t s . 

c ) A second l a r g e a m p l i t u d e i n w a r d d i s p l a c e m e n t o f t h e d u s k -

s ide p lasmapause s t a r t s a t 18 UT on J u l y 29, i . e . a lmost 18 h o u r s a f t e r 

t h e S S C ; as a l r e a d y d i s c u s s e d above t h i s d e l a y c o r r e s p o n d s 

a p p r o x i m a t i v e l y t o t h e t ime r e q u i r e d f o r a p lasma e lement t o be 

c o n v e c t e d f r o m t h e m i d n i g h t t o t h e d u s k s e c t o r s . T h e o b s e r v e d g e o -

c e n t r i c d i s t a n c e o f t h e p lasmapause dec reases t h e n in less t h a n 6 h o u r s 

f r o m 4 . 8 t o 2 . 5 R ^ . 

T h e s e e x p e r i m e n t a l r e s u l t s s u p p o r t t h o s e f o u n d b y D e c r e a u 

e t a l . ( 1982) and Dec reau (1983) w h o s t u d i e d t h e d y n a m i c a l r e s p o n s e o f 

t h e t h e r m a l plasma p a r a m e t e r s measu red b y GEOS-1 a n d GEOS-2 as a 

f u n c t i o n o f t h e level o f geomagne t i c a c t i v i t y . T h e s e o b s e r v a t i o n s a r e i n 

f a v o u r o f t h e mechan ism of f o r m a t i o n o f t h e p lasmapause p r o p o s e d b y 

Lemai re ( 1 9 7 5 ) , a c c o r d i n g to w h i c h t h e r e is a " p e e l i n g o f f " a n d an 

e a r t h w a r d mot ion o f t h e p l a s m a s p h e r e n e a r m i d n i g h t w h e n t h e s u b s t o r m 

a c t i v i t y i n c r e a s e s . T h e p e e l i n g o f f mechan ism b y i n t e r c h a n g e i n s t a b i l i t y 

d u r i n g p e r i o d s o f e n h a n c e d p e n e t r a t i o n o f c o n v e c t i o n e l e c t r i c f i e l d s in 

t h e i n n e r n i g h t s i d e m a g n e t o s p h e r e leads to t h e f o r m a t i o n o f a new 

p lasmapause c lose r t o t h e E a r t h in t h e p o s t m i d n i g h t local t ime s e c t o r . 

T h i s new b o u n d a r y t h e n c o r o t a t e s t o w a r d t h e d a y s i d e ; t h e t ime d e l a y 
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after which the inward motion is ob se r ved in the days ide is approx ima-

tely proport ional to the local time co r r e spond i ng to the corotation 

propagat ion time. 

Acco rd i ng to our two model s imulat ions, it takes almost 18-24 

hou r s for the new plasmapause formed near midn ight to "corotate" 

a round the Earth and to reach the d u s k s i d e . The minimum plasmapause 

posit ion shown in f i gu re s 6c near 00 UT on Ju ly 30 is a d i rect 

consequence of th i s "corotat ion" effect. The other two minima in the 

theoretical d u s k s i d e plasmapause pos i t ions, seen respect ive ly at ~ 09 UT 

on Ju ly 30 and at ~ 03 UT on Ju ly 31, co r re spond to the p lasmapauses 

formed near midn ight d u r i n g the two enhancements of geomagnetic 

act iv ity at 12 UT on Ju ly 29 and at 00 UT on Ju ly 30 (Tig. 2 ) . 

Consequent l y , the theory for the formation of a new plasma-

pause at each subs to rm enhancement - on which both model calculations 

are based - f its the ob se rved corotation time delays ob se r ved b y Geos 1 

and 2 as well as those reported by Chappel l et al. (1971) and deduced 

from OGO 5 obse rva t ions . The agreement with the observat ions clearly 

indicates that the plasmapause "peel ing off " takes place near midn ight 

local time, and, not near d u s k as a result of shea r ing near the 

stagnat ion point in the case of a Vo l l and -S te rn model. 

d ) At 06 and 09 M L T ( f i g s . 5b and 5c) , and immediately after 

the onset of the subs torm events of Ju ly 29 and 30, there is a rapid 

and shor t durat ion increase in the equatorial d istance of the plasma-

pause in the case of the E3H model. The experimental data do not 

indicate, however, such a radial expans ion of the p lasmasphere as ear ly 

as 06 M L T . They show, respect ive ly at 04 and 05 U T , that the plasma-

pause is located at geocentr ic d i stances close to 4 and almost 

coincident with the posit ions predicted by the Vo l l and - S te rn model; on 

the cont ra ry with the time dependent E3H model, the co r re spond ing 

plasmapause d istances are s ign i f icant ly g reater . 
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T h i s is ano the r major d i f f e rence between the two E - f i e l d 

model s . While in the V o l l a n d - S t e r n model, on l y the d a w n - d u s k 

component of the e lectr ic f ield is. e n h a n c e d w h e n K ^ i n c r e a s e s , in the 

E3H model t he re is an addi t iona l enhancement of the e a s t w a r d component 

in the m o r n i n g a n d d a y s i d e s e c t o r s f rom 06 IVILT to 18 M L T . S i n c e t h i s 

r e su l t f rom the E3H model ca lcu lat ion is not well s u p p o r t e d b y the 

exper imenta l r e s u l t s at 06 and 09 M L T , it mus t be c onc l uded that some 

of the a s s u m p t i o n s made in sect ion 2 . 1 b in the de r i v a t i on of the time 

d e p e n d e n t E - f i e l d model f rom M c l l w a i n ' s s t a t i o na r y E3H e lectr ic f ie ld 

d i s t r i b u t i o n , were not a p p r o p r i a t e . It is p r obab l e , i ndeed , that the 

scale f a c t o r s , f.., of the d i f f e ren t e lectr ic f ield component s in the d a w n 

a n d d a y s i d e s e c t o r s o u g h t not to be the same as in the p o s t m i d n i g h t 

sec to r where eq. ( 8 ) f i t s the o b s e r v a t i o n s r a the r well. O t h e r 

a s s u m p t i o n s will be t r ied in the f u t u r e to improve the E3H time 

d e p e n d e n t m a g n e t o s p h e r i c E - f i e l d model in the dawn local time secto r as 

well a s a n y w h e r e e l se, whe re s u c h improvement will appea r to be 

n e c e s s a r y . 

T h e f a i r l y g ood f i t s ob ta ined with the V o l l a n d - S t e r n time 

d e p e n d e n t e lectr ic f ield model d e s c r i b e d in Sec t i on 2 .1a ind icates that 

t h i s s imple model is a r a the r s a t i s f a c t o r y f i r s t app rox imat i on of the 

actual E - f i e l d d i s t r i b u t i o n in the dawn secto r of the m a g n e t o s p h e r e . 

e) T h e so l id dot s c o r r e s p o n d i n g to o b s e r v e d den s i t i e s g r e a t e r 
_ o 

than 100 cm are all located e a r t h w a r d of the theoret ical p l a smapau se 

po s i t i on s in both s imulat ions i l l u s t ra ted in f i g s . 5 and 6. None of t he se 

po in t s c o r r e s p o n d i n g to p l a smasphe r i c h i g h den s i t i e s fa l l s b e y o n d the 

ca lcu lated ou te r edge of the p l a smapau se . 

F u r t h e r m o r e , all intermediate plasma den s i t i e s (20 < N < 100 

cm ; ind icates b y so l id s t a r s in f i g s . 5 and 6 ) are also o b s e r v e d 

d u r i n g the r e c o v e r y pha se of J u l y 30 a n d 31, i n s ide the po s i t i on s of 

the p l a smapause ca lcu lated b y t a k i n g into account p lasma i n t e r c h a n g e 

motion. 
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However , when in terchange motion is n e g l e c t e d - o r inh ib i ted 

b y sett ing 1 = 00 in the numerical ca lcu lat ions- we have obtained the 

plasmapause posit ions which are shown in the r i g h t hand s ide panels of 

f i g . 7a, b and c for V o l l a n d - S t e r n ' s f ie ld model. 

T h e intermediate plasma de ns i ty data, also represented by 

sol id s t a r s in f i g . 7, c o r r e s p o n d to expanded afternoon p lasmaspher ic 

reg ions or to post -dawn magnetic f l u x tubes in the process of r e f i l l i n g . 

T h e s e f l u x tubes are expected to be located ins ide the outer edge of 

the plasmapause as it is the case in the left hand s ide panels of f i g . 7 

where real ist ic va lues for the integrated Pedersen c o n d u c t i v i t y ( Z p ) 

have been used to compute the maximum interchange v e l o c i t y . In the 

r i g h t hand s ide panels of f i g . 7, however , the sol id s t a r s are located 

outs ide the plasmapause which is determined in t h i s instance b y u s i n g 

the c lass ica l MHD convect ion theory : i . e . without i n t e r c h a n g e motion. 

T h i s comparison indicates that , after major substorm events the 

posit ions of the plasmapause calculated with i n t e r c h a n g e motion are 

much more cons istent with the observat ions than those obtained when 

th i s phys ica l mechanism is neg lected; indeed in the latter case the 

plasmapause remains at too low L - v a l u e s , after a large geomagnetic 

p e r t u r b a t i o n . On the c o n t r a r y , accord ing to the theory proposed b y 

Lemaire (1975) , the plasmapause reforms itself r a p i d l y at l a r g e r radial 

d i s tances d u r i n g r e c o v e r y phases as confirmed b y all avai lable 

o b s e r v a t i o n s . 

5. SUMMARY A N D C O N C L U S I O N S 

Two d i f ferent t y p e s of time dependent e lectr ic f ie ld d i s t r i b u -

t ions have been used to i l lustrate the formation of a plasmapause when 

the plasma interchange mechanism is taken into account : the f i r s t t y p e 

of E - f i e l d d i s t r i b u t i o n is d e r i v e d in section 2 .1a from the V o l l a n d - S t e r n 

model and has - a stagnat ion point at 1800 M L T ; the second one is 

d e r i v e d in section 2 .1b from Mcllwain's s tat ionary E3H model. 
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g . 7 . - Radial d i s t ance s of the ou te r edge of p l a smapause r eg i on in 

th ree d i f f e ren t local time sec to r s as a f unc t i on of U n i v e r s a l 

T ime f rom J u l y 28 to J u l y 31, 1977. T h e time d e p e n d e n t 

V o l l a n d - S t e r n e lectr ic f ield d i s t r i b u t i o n has been u s e d in all 

t he se s imu la t ions . In the left h a n d s ide pane l s . r ea l i s t i c v a l ue s 

fo r the i n teg ra ted P e d e r s e n c o n d u c t i v i t y h a v e been u s e d to 

calculate the plasma i n t e r c h a n g e ve loc i t y . In the r i g h t h a n d 

s ide pane l s plasma i n t e r c h a n g e ve loc i ty is a s s u m e d to be equal 

to zero as in the M H D t h e o r y fo r the format ion of the p la sma-

p a u s e . T h e v a r i o u s s y m b o l s have the same m e a n i n g s as in 

f i g u r e 6. 
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The t ime dependen t plasmapause pos i t ions ob ta ined f o r 

rea l is t i c va lues of t he i n t e g r a t e d Pedersen c o n d u c t i v i t y ( i . e . f o r non -

zero values of the i n t e r c h a n g e ve loc i t y u ) are shown in f i g u r e s 5 and 6 

f o r a per iod of t h r e e and a ha l f days i n c l u d i n g t h e subs to rm events of 

J u l y 29 and J u l y 30, 1977. Those c o r r e s p o n d i n g to t he V o l l a n d - S t e r n 

model are g i v e n on the le f t hand s ide ; those c o r r e s p o n d i n g to the E3H 

model are shown on the r i g h t hand side panels . 

Large ampl i tude deformat ions of the ca lcu la ted plasmapause 

o c c u r a f t e r per iods of enhanced geomagnet ic a c t i v i t y . D a w n - d u s k as 

well as n o o n - m i d n i g h t asymmetr ies are f o u n d in t he pos i t ions of t he 

plasmapause f o r bo th E - f i e l d models (compare f o r example f i g u r e s 5c 

and 6c as well as 5a and 6a ) . These asymmetr ies in t he shape of t he 

plasmasphere are conf i rmed b y o u r observa t ions as well as b y p r e v i o u s 

exper imenta l data ( C a r p e n t e r , 1966; Gr ingauz and B e z r u k i k h , 1976; 

Higel and Wu Lei , 1984). 

T h e i n w a r d and o u t w a r d motions of the m i d n i g h t and p o s t -

m i d n i g h t plasmapause are q u a l i t a t i v e l y s imi lar f o r bo th E - f i e l d model 

(compare the two panels of f i g u r e 5a) . B u t t h i s is not s u r p r i s i n g since 

the t ime dependent e lec t r i c f i e ld models have both been ta i l o red to f i t 

C a r p e n t e r and Park 's (1973) re la t ion in th is p a r t i c u l a r local t ime sector 

( e q . 1 ) . 

The la rges t deformat ions of the plasmapause are however 

obta ined in t he a f te rnoon and "dusk local t ime sectors f o r bo th E - f i e l d 

models (see the le f t and r i g h t hand side panels of f i g u r e s 6b and 6 c ) . 

I t is e v i d e n t t h a t t h e r e are here large d iscrepanc ies between both model 

p r e d i c t i o n s . The reason is t h a t the maximum in te rchange ve loc i t y ( u ) is 

small compared to the to ta l d r i f t ve loc i t y (V + u ) . T h i s is especia l ly t h e 

case in t he days ide reg ion where the i n t e g r a t e d Pedersen c o n d u c t i v i t y 

is l a rges t . T h e r e f o r e , large ampl i tude and fas t de format ions of a plasma-

pause b o u n d a r y are d i r e c t consequences of temporal va r ia t i ons of t he 
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l a r g e c o n v e c t i o n v e l o c i t y ( V ) ' w h i c h is v e r y d i f f e r e n t in b o t h E - f i e l d 

mode ls , s p e c i a l l y in t h e a f t e r n o o n and d u s k s e c t o r s . 

A l t h o u g h t h e mechan ism of i n t e r c h a n g e mot ion is s low 

c o m p a r e d to m a g n e t o s p h e r i c c o n v e c t i o n , i t p l a y s h o w e v e r a k e y ro le in 

p e e l i n g o f f t h e p l a s m a s p h e r e in t h e p o s t - m i d n i g h t s e c t o r a n d in f o r m i n g 

a new p lasmapause w h e r e t h e g r a v i t a t i o n a l f o r c e becomes smal le r t h a n 

t h e " c e n t r i f u g a l " o r i n e r t i a l f o r c e s . T h e new p lasmapause f o r m e d in t h e 

p o s t - m i d n i g h t s e c t o r , w h e r e t h e i n t e r c h a n g e i n s t a b i l i t y has a max imum 

g r o w t h r a t e , is o b s e r v e d l a t e r in t h e d a y s i d e local t ime s e c t o r s , a f t e r a 

t ime d e l a y n e a r l y p r o p o r t i o n a l t o t h e local t i m e . T h e s e model p r e d i c t i o n s 

a r e v e r y wel l c o n f i r m e d b y t h e o b s e r v a t i o n s p r e s e n t e d in t h i s p a p e r 

a n d b y o t h e r s : C h a p p e l l e t a l . ( 1 9 7 1 ) , Dec reau et al (1982) a n d 

C o r c u f f and C o r c u f f ( 1 9 8 2 ) . 

T h e p o s i t i o n s o f t h e p lasmapause o b t a i n e d w i t h V o l l a n d -

S t e r n ' s model and w h e n i n t e r c h a n g e mot ion is n o t t a k e p i n t o a c c o u n t , 

a r e i l l u s t r a t e d in t h e r i g h t h a n d s ide pane ls o f f i g . 7 . I t can be seen 

t h a t t h e p lasmapause remains t h e n a t too low L - v a l u e s a f t e r a s u b s t o r m . 

T h e c o r r e s p o n d i n g r e s u l t s w h e n i n t e r c h a n g e mot ion is t a k e n i n t o 

a c c o u n t a r e shown in t h e l e f t h a n d s ide pane ls o f f i g . ,7; t h e s e l a t t e r 

r e s u l t s f i t t h e o b s e r v a t i o n s much b e t t e r . I n d e e d , a f t e r an e n h a n c e m e n t 

o f K , t h e new p lasmapause f o r m s t h e n aga in a t l a r g e r rad ia l d i s t a n c e s 

as i n d i c a t e d b y t h e o b s e r v a t i o n s . C o n s e q u e n t l y , t h e a g r e e m e n t b e t w e e n 

o b s e r v a t i o n s and p lasmapause model c a l c u l a t i o n s is i m p r o v e d w h e n 

i n t e r c h a n g e mot ion is t a k e n i n t o a c c o u n t in t h e t h e o r y o f f o r m a t i o n o f 

t h i s s u r f a c e o f d i s c o n t i n u i t y . 

From t h e i n t e r c o m p a r i s o n o f t h e t h e o r e t i c a l model c a l c u l a t i o n s 

p r e s e n t e d in t h e l e f t and r i g h t h a n d s ide pane ls o f f i g . 6 , i t d i f f i c u l t 

t o c o n c l u d e w h i c h o f b o t h e l e c t r i c f i e l d models used in t h i s s t u d y f i t s 

b e t t e r t h e o b s e r v a t i o n s in t h e a f t e r n o o n and d u s k s ide s e c t o r s . I n d e e d 

i t has been shown above t h a t t h e s e o b s e r v a t i o n s can be i n t e r p r e t e d i n 
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two alternat ive way which s uppo r t either one or the other time 

dependent E- f ie ld models desc r ibed in sections 2.1a and 2 .1b 

respect ive ly . Mult istation and coordinated obse rva t ions of the plasma-

pause pos it ions and bu lk velocity would be needed to resolve th i s i s sue . 

The re - is another major di f ference between the resu l t s 

obtained in both model s imulations shown in f i g s . 5b and 5c, for 06 and 

09 M L T . In the r i gh t hand side panels co r re spond ing to the È3H model 

calculat ions, the plasmapause has a sho r t durat ion radial expans ion 

immediately after the storm sudden commencement of Ju ly 29. T h i s 

radial p lasmaspher ic expans ion is not obtained with Vo l l a nd - S t e r n ' s 

model as ear ly in the dawn local time sector. In the obse rva t i on s 

presented above, there is no definite indication for such a radial 

expans ion . Consequent l y , the time dependent E3H model de r i ved in 

section 2 .1b, needs probab ly to be corrected in o rder to eliminate th i s 

bias in the dawn local time sector. To correct such bias one could for 

instance introduce different scale factors for all the terms in the 

expans ion (6 ) and ( 7 ) . Ad hoc empirical re lat ionsh ips between K p and 

dif ferent scale factors f.. can be introduced to avoid the undes i red 

enhancement of the eastward E-f ie ld component in the 06-09 M L T sector. 

In pr inciple the scale factors f„ can be changed at will to fit a wide 

range of stat ionary or time dependent magnetospher ic E-f ie ld d i s t r i b u -

t ions. S u c h an improvement has already been included in the E- f ie ld 

model used in a simulation presented on video cassette by Lemaire 

(1984). 

A detailèd s tudy of the p lasmasphere dynamics and of its 

deformations du r i n g selected per iods of time like that cons idered in this 

article can be rather fruitful to infer the empirical electric field morpho-

logy which fits best the observat ions . 
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