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FOREWORD 

T h e paper entitled "On the relevance of the MHD approach to 

s t u d y the Kelvin-Helmholtz instabi l i ty of the terrestr ia l magnetopause" 

will be publ ished in the "Bul let in de la C lasse des Sciences de 

l'Académie Royale de Belgique". 

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

L'art icle "On the relevance of the MHD approach to study the 

Kelvin-Helmholtz instabi l i ty of the terrestr ia l magnetopause" sera publ ié 

dans le "Bul let in de la C lasse des Sciences de l'Académie Royale de 

Belgique". 

VOORWOORD 

Het art ikel "On the relevance of the MHD approach to s t u d y 

the Kelvin-Helmholtz instabi l i ty of the terrestr ia l magnetopause" zal 

gepubl iceerd worden in het "Bul let in de la C lasse des Sciences de 

l'Académie Royale de Belgique. 

VORWORT 

Das A r t i k e l "On the relevance of the MHD approach to s t u d y 

the Kelvin-Helmholtz instabi l i ty of the terrestr ia l magnetopause" wird in 

dem "Bul let in de la C lasse des Sciences de l'Académie Royale de 

Belgique" herausgegeben werden. 



ON THE RELEVANCE OF THE MHD APPROACH TO STUDY THE K E L V I N -

HELMHOLTZ I N S T A B I L I T Y OF THE T E R R E S T R I A L MAGNETOPAUSE 

by 

M. ROTH 

A b s t r a c t 

I t is shown t h a t t he usual MHD approx imat ion is not su i tab le 

f o r the desc r i p t i on of the Ke lv in -He lmho l t z i n s t a b i l i t y of t he t e r r e s t r i a l 

magnetopause. Indeed such a desc r i p t i on impl ies an ideal magnetopause 

w i t h a smooth con t inuous va r i a t i on of t he plasma and f i e l d parameters 

o c c u r i n g in an ex tended c u r r e n t sheet . However , the actual magneto-

pause and i ts adjacent plasma b o u n d a r y layer are h i g h l y i r r e g u l a r , bo th 

spat ia l l y and tempora l l y . T h e r e f o r e , f i n i t e ion Larmor rad ius e f fec ts do 

not r ep resen t small co r rec t i ons . I t is a rgued t h a t these smal l -scale 

inhomogenei t ies can change d ras t i ca l l y the usual la rge-sca le d e s c r i p t i o n 

of the magnetopause osc i l la t ions . 

Résumé 

On mont re que l ' approx imat ion hab i tue l le MHD n 'es t pas 

app rop r i ée a la desc r i p t i on de l ' i n s tab i l i t é de Ke lv in -He lmho l t z de la 

magnétopause t e r r e s t r e . En e f f e t , une te l le desc r i p t i on impl ique une 

magnétopause idéale avec une va r i a t i on régu l i è re et con t inue des 

paramètres du plasma et du champ se p r o d u i s a n t à l ' i n t é r i e u r d ' u n e 

couche de cou ran t é tendue. Cependan t , la magnétopause réel le et la 

couche f r o n t i è r e de plasma qu i lu i est adjacente sont f o r t emen t 

i r r é g u l i è r e s , à la fo is spat ia lement et tempore l lement . C 'es t pou rquo i les 

e f fe ts dûs à l 'ex is tence d ' u n rayon de Larmor f i n i pou r les ions ne 

rep résen ten t pas des co r rec t i ons nég l igeab les . Des a rguments sont 

présentés qu i s u g g è r e n t que ces inhomogénéi tés de pet i tes d imensions 

peuven t modi f ie r fo r tement la desc r i p t i on à g rande échel le app l iquée 

hab i tue l lement aux osc i l la t ions de la magnétopause. 



Samenvat t ing 

Er w o r d t aangetoond da t de g e b r u i k e l i j k e MHD benade r i ng 

n ie t g e s c h i k t is voor de b e s c h r i j v i n g van de Ke lv in -He lmho l t z 

ons tab i l i t e i t van de aardse magnetopauze. Een d e r g e l i j k e b e s c h r i j v i n g 

v e r e i s t een ideale magnetopauze met een regelmat ige en con t inue 

v e r a n d e r i n g de r plasma- en ve ldparamete rs d ie o p t r e d e n in inwend ige 

van de u i t g e b r e i d e s t roomlaag. De w e r k e l i j k e magnetopauze en de aan-

g renzende plasmalaag is ech te r hoogst onrege lmat ig zowel in de ru imte 

als in de t i j d . Om die redenen ste l len de e f f ec ten , te w i j ten aan het 

bestaan van een e ind ige Larmor s t r aa l , geen ve rwaar loosbare co r rec t i es 

v o o r . A rgumen ten worden naar voor g e b r a c h t , die erop wi jzen da t 

k le ine schaal inhomogene i le i len d r a s t i s c h de g e b r u i k e l i j k e g roo tscha l i ge 

b e s c h r i j v i n g van de magnetopauze osci l la t ies kunnen w i j z i gen . 

Zusammenfassung 

Wir zeigen dass d ie MHD Approx ima t i on n i c h t g ü l t i g i s t um d ie 

Ke lv in -He lmho l tz I ns tab i l i t ä t der Magnetopauze zu besch re iben . In d ie 

MHD Besch re ibung is t es e i n b e g r i f f e n dass die I n tens i t ä t des 

magnet isches Feld und die Grad ien ten in d ie Plasma parameters s ich 

langsam v e r ä n d e r n übe r Abs tände von e in ige Larmor Radien. Die 

Magnetopauze und die nabei l iegende "Plasma B o u n d a r y Laye r " s ind sehr 

unrege lmäss ig und u n s t a t i o n ä r . Deswegen s ind d ie " f i n i t e ion Larmor 

rad ius " E f fek ten n i ch t v e r n a c h l ä s s i g b a r . Wir denken dass d ie 

Inhomogenei täten in die Plasma B o u n d a r y Layer und an der Magneto-

pauze in die Besch re ibung de r Magnetopauze Swankungen eine w ich t i ge 

Rolle spie l len müssen. 
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1. I N T R O D U C T I O N 

Most work on the stabi l i ty problem of the terrestr ia l magneto-
pause has been carr ied on with ideal MHD equations consider ing this 
transit ion as a discontinuity (see for instance Southwood, 1968). More 
recent work however has taken into account of the f inite th ickness of 
the magnetopause layer (Ong and Roder ick , 1972; T r u s s o n i et a l . , 
1982), while retaining the MHD approximation. 

It has been shown by Lerche (1966) that the growth rate for 
the Kelvin-Helmholtz instabi l i ty of a discontinuous transit ion is 
proportional to the wave number. Therefore, for such a model, the 
highest growth rate occurs for the shortest wave- lengths quite in-
consistently with the approximation of negl igible th ickness . On the 
other hand, it has been put forward ( T r u s s o n i et a l . , 1982) that due to 
the f inite magnetopause th ickness , f inite ion Larmor radius effects can 
be expected to be negl ig ible. In that case, the MHD equations should 
remain a suitable approximation to investigate the large-scale oscil lations 
of the magnetopause boundary. 

It is the purpose of this paper to show that the MHD 
approximation is actually not appropriate for the study of d isturbances 
at the terrestr ia l magnetopause. Such an approximation implicitly implies 
that the magnetopause has an infinite parallel conduct iv i ty and a 
van ish ing ly small t ransverse conduct iv i ty . In that case, the electric 
field does not s trongly dif fer from the convection electric f ie ld. 
Therefore, the contributions due to the Hall effect, the pressure 
gradient , the temporal dependence and the effect of a f inite res is t iv i ty 
are neglected in this MHD framework. These contributions could actually 
be neglected if the magnetopause were an ideal transit ion with smooth 
continuous variations occur ing in an extended current sheet. However, 
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t he actual magrietopause and i ts ad jacent plasma b o u n d a r y layer a re 

h i g h l y i r r e g u l a r , bo th spa t ia l l y and t empo ra l l y . Indeed , h i g h spat ia l 

and tempora l va r i a t i ons of plasma and f i e l d parameters ins ide t h e 

magnetopause layer (MPL) and pi asma b o u n d a r y layer ( P B L ) have been 

demonst ra ted by many obse rva t i ons (see f o r example Eastman and 

Hones, 1979). Fol lowing Eastman, t he MPL is t he c u r r e n t layer t h r o u g h 

wh ich t he magnet ic f i e l d sh i f t s in d i r e c t i o n . T h i s c u r r e n t layer ( t h e 

magnetopause) is o f ten reso lved w i t h bo th plasma and f i e l d parameters 

and must be d i s t i n g u i s h e d f rom the PBL wh ich denotes t he layer o f 

magnetoshea th - l i ke plasma obse rved e a r t h w a r d of t he MPL (Eastman, 

1979). 

From these in s i tu obse rva t i ons , i t has been es tab l ished t h a t 

t he t h i ckness of t he magnetopause layer (MPL) is much smaller t h a n t h e 

t h i ckness of t he plasma b o u n d a r y layer ( P B L ) . A l t h o u g h h i g h l y 

v a r i a b l e , a t y p i c a l t h i ckness of the PBL is *v> 0 .4 R ^ , wh i le t he magneto-

pause t h i ckness ranges between 140 km and 700 km, i . e . 1 -5 ion Larmor 

rad i i ( R . ) of 140 km. A l t h o u g h the magnet ic f i e ld v a r i a t i o n takes place 

t h r o u g h the MPL, most of t he plasma v a r i a t i o n s , i n c l u d i n g t he ve loc i t y 

shear , take place ins ide the PBL and at i ts i nne r edge. However , scale 

leng th ( L ) f o r s i gn i f i can t va r ia t i ons ( g r e a t e r t han a f ac to r of f o u r ) in 

plasma parameters w i t h i n the PBL ranges between 10 km and 1000 km 

(Eastman, 1979). In such a s i t ua t i on , i t is c lear t h a t f i n i t e Larmor 

rad ius e f fec ts due to these sharp va r ia t i ons cannot be neglected s ince 

t he ra t io ( L / R . ) ranges between 0.07 and 7 w i t h t he above obse rved 

values of L and of the ion Larmor rad ius ( R j ) . 

Sect ion 2 g ives the basic MHD equat ions of an incompress ib le 

f l u i d . These equat ions are usua l l y p e r t u r b e d f o r t h e s t u d y of t h e 

Ke lv in -He lmho l tz i n s t a b i l i t y . In sect ion 3, i t is shown t h a t t h e 

assumpt ion of t he " f r ozen f i e l d " is i r r e l e v a n t f o r bo th t he MPL and 

PBL. Indeed, te rms usua l ly neglected in t he genera l ized Ohm's law are 

shown to be comparable to t he convec t ion te rm due to t he e lec t r i c f i e l d . 
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Fina l ly , the relevance of the MHD framework to s tudy the physical 
processes involved at the magnetopause surface is cr i t ica l ly analysed in 
section 4. 

2. B A S I C MHD E Q U A T I O N S 

T h e basic equations usual ly adopted for the Kelvin-Helmholtz 
instabi l i ty problem are the MHD equations of an incompressible f lu id , 
i . e . , in MKSA units ( T r u s s o n i et a l . , 1982). 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

where p is the mass density and u the bulk velocity of the plasma, p is 
the pressure , J is the current density and B the magnetic f ie ld. 
Equation (1 ) is the equation of continuity while equation ( 2 ) is the 
hydrodynamic equation of motion. Equation ( 3 ) accounts for the in-
compressibil ity of the flow. If the plasma is infinitely conducting along 
the field lines and infinitely resist ive across them, then the magnetic 
field is "frozen" into the plasma and is "carr ied out" along at the 
velocity u as described by equation ( 4 ) . Equation ( 5 ) is the Maxwell 

+ V. (p u) = 0 

p + p (u.V) u = - V p + J A B 

V . u = 0 

| | = V A (u A B) 

V A B = |J J - o -

V . B = 0 
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equation for the cur l of B for which the displacement c u r r e n t is 

neglected, ( jq being the vacuum permi t t i v i t y . T h e d ivergence less 

character of B is g iven by equation ( 6 ) . 

A perturbat ion technique is usua l ly applied to these 

equations. L inear ized perturbed equations are then used to der ive a 

dispers ion relation from which unstable modes can be deduced. In th i s 

paper however we only want to check the relevance of these basic 

equations for the s tudy of the hydromagnetic s tabi l i ty of the te r re s t r i a l 

magnetopause. 

T h e f i r s t three equations are similar in form with the or iginal 

hydrodynamic equations of an incompressible f lu id . However in a 

coll is ionless magnetized plasma, the p ressu re tensor does not remain iso-

tropic and therefore equation ( 2 ) assumes the smallness of the aniso-

t ropy . 

T h e MHD approximation comes from equation ( 4 ) and it is 

interest ing to recal l from which assumptions th is equation is de r i ved . 

To der ive equation ( 4 ) , it is f i r s t assumed that the electr ic f ield ( E ) is 

zero along the l ines of fo rce , i . e . , 

E . B = 0 (7 ) 

T h i s implies also that the magnetic f ield B is steady or slowly v a r y i n g . 

Secondly , it is also assumed that all the part ic les d r i f t with the e lectr ic 

d r i f t velocity which therefore is identical with the bulk velocity u . 

u = t A J (8 ) 
B 



From ( 7 ) and ( 8 ) , the electr ic f ield is 

E = - u A B (9) 

Using the Maxwell equation 

(10) 

with E g i v e n b y ( 9 ) , it follows that equation ( 4 ) is reproduced. T h i s is 

the usual form of the "frozen" f ield approximation. In th is approxima-

t ion, the electr ic d r i f t ( 8 ) is the pr inc ipa l motion of the plasma. T h i s 

means that g r a d i e n t d r i f t s have been left out. T h i s is sat i s factory 

prov id ing 

where R. is the ion g y r o r a d i u s and L is the scale length for spatial 

var iat ions of the f ield (and associated plasma parameters) . 

3. ON T H E R E L E V A N C E OF T H E " F R O Z E N " F I E L D A P P R O X I M A T I O N 

implies an inf inite parallel conduct iv i ty (CT̂  = while the assumption 
( 8 ) of the same common d r i f t for all part ic les is not compatible with any 
t r a n s v e r s e c o n d u c t i v i t y . In that case, the t r a n s v e r s e Pedersen c o n d u c t i v -
i ty of the plasma must be zero ( a x = 0 ) . However, the ex istence of 

( R . / L ) « 1 (11) 

T h e assumption ( 7 ) that the parallel electr ic f ield van i shes 
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large potential drops along field lines l inking the magnetopause to the 
polar ionosphere is undoubtedly admitted from observations of 
precipitated electron f luxes ( A r n o l d y et a l . , 1974; Croley et a l . , 1978). 
Therefore, the relevance of (7 ) is questionable at the magnetopause. On 
the other hand, the finite value of a cannot be neglected, not only 
because of the internal resistance of the medium result ing from local 
wave-part ic le interactions, but also because of the finite integrated 
Pedersen conduct iv ity ( I . ) of current systems l inking the magnetopause 

•L 
to the ionosphere. 

As shown in section 2, the "frozen" field approximation ( 4 ) is 
derived from the fact that the electric field reduces to the convection 
electric field ( 9 ) . However, the actual electric field results from the 
generalized Ohm's law which can be written (see for instance, Seshadr i , 
1973) : 

2 
| i = — V . lb + — ( E + u A B ) - — ( J A B ) 
at me Ze me - - - me — -

- % , j (11) m = — e 

In this equation, itj<e is the electron kinetic pressure d y a d , n 
is the number dens i ty , e is the magnitude of the electron charge, mg is 
the electron mass and Tip is the dyadic res i s t iv i ty . 

It is seen that terms of the generalized Ohm's law (11) 

neglected in the MHD approximation ( 9 ) include 

%. J, — w — n a 

m, 

- ' ne J A B . -- —' ne «1» i e and — „ zrr 
ne 

M at 



The role of the f i r s t term J has a l ready be d i s cu s s ed at 

the beg inn ing of th is section. The s ign i f icance of the other terms 

neglected in equation ( 9 ) can be evaluated in terms of the scale length 

L for spatial var iat ions of the plasma and field parameters and in terms 

of the character i st ic velocity u of the plasma (Eas tman, 1979). 

Con s i de r i ng that 

u> = ^ (12) ce m„ e 

2 ne^ ( i o \ U) = (13) 
pe m e r e o 

B v M J L (14) r o 

(where ui and w are respect ively the g y r o f r e q u e n c y and the plasma 
ce pe 

f requency for the electrons while eQ and pQ are the vacuum permitt iv ity 

and permeabil ity respect ive ly ) we can evaluate the ratios X , Y , Z of 

the electric field due to convection | u A B | to the other cont r ibut ions 

to the electric field neglected in equation ( 9 ) , i . e . , 

r J A B |, . J j - n d f f 
e ne 

respect ive ly . It is found 

I . , g . ' j s L (15, 
w c 



where c is the velocity of l ight in vacuum 

v i i u w m 

E ' * r » B « « 
I = e I e 

where k T g is the electron thermal ene r g y 

(m" 2) uB / J f i Y L' .. iff i u j (") 
T a k i n g into account of the fol lowing typical va lues ac ros s the 

MPL (Eastman, 1979) 

- 3 

n ^ 10 cm 

B 30 nT 

u ~ 150 km/s 
T 100. eV e 

for which 

u) ^ 5 .3 ks ce 
u) ~ 178 ks pe 

- 1 

- 1 

and 

x , " I j- ^ 10 m 

^ 4.5 x 10~5 m"1 

~ 3.5 x 10" 7 m~2 

L 
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i t can be seen f rom ( 1 5 ) , (16) and (17) t h a t t he c o n t r i b u t i o n s to t he 

e lec t r i c f i e l d neg lected in equat ion ( 9 ) become comparable ( o r g r e a t e r ) 

to ( t h a n ) t he convec t ion e lec t r i c f i e l d ( i . e . , X = Y = Z ^ 1) f o r scale 

leng ths of the o r d e r ( o r smal ler ) of ( t h a n ) 100 km f o r the Hall t e r m , 

22 km f o r the p r e s s u r e g r a d i e n t te rm and 1.7 km f o r the t ime 

depend ing t e r m . Such scale leng ths f o r plasma and f i e ld va r i a t i ons are 

o f ten observed w i t h i n the MPL whose mean t h i ckness is on ly a few 

h u n d r e d k i lometers . Indeed, scale leng ths f o r s i gn i f i can t va r i a t i ons 

( g r e a t e r t han a f ac to r of f o u r ) in plasma and f i e ld paramete rs , as 

de te rmined f rom h igh t ime reso lu t ion magnet ic f i e ld da ta , may be as small 

as 10 km (Eastman, 1979). These i r r e g u l a r i t i e s are always p resen t and 

well documented by observa t ions w i t h h igh t ime reso lu t ion (see also 

Eastman and Hones, 1979; F rank et a l . , 1978). T h e y shou ld not be 

smoothed ou t f o r convenience and cannot be neg lec ted , even in a f i r s t 

app rox ima t ion , because o f t h e i r large ampl i tude . T h e r e f o r e , at t he 

magnetopause, where these i r r e g u l a r i t i e s are p r e s e n t , te rms usua l l y 

neglected in the genera l ized Ohm's law become comparable to the 

convect ion te rm due to the e lec t r i c f i e l d . C lear ly t h i s inva l ida tes t he 

MHD approach . 

Th i s conc lus ion is even re in fo rced i f we cons ider the inner 

edge of t he PBL layer w i t h the fo l low ing t yp i ca l values (Eastman, 1979) 

.. -3 
n ~ 1 cm 

u ^ 50 km/s 

B ~ 40 nT 
T ^ 150 eV e 

f o r wh ich 
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, - 1 u) *v< 7 k s 
C e - 1 u) 56 k s pe 

and 

y - 7 - 1 
£ * 2.5 x 10 m 

p 1.3 x 10 " 5 m"1 

~ 3.5 x 10 " 8 m"2 

L 

Indeed, in th i s case the contr ibut ions to the electric field 

neglected in equation (9 ) become comparable (or g rea te r ) to ( t han ) the 

convection electric field ( i . e . , X = Y = Z ^ 1 ) for scale lengths of the 

order (or smaller) of ( t han ) 4000 km for the Hall term, 75 km for the 

p r e s s u r e g rad ient term and 5 km for the time depend ing term. 

Remembering that typical scale lengths for s ign i f icant var iat ions in 

plasma and field parameters (g reater than a factor of f ou r ) within the 

P B L ranges between 10 km and 1000 km (Eastman, 1979), it can be 

concluded that the M H D approximation is even much less appropr iate 

within the P B L than it is within the MPL layer. 

4. I S A N M H D A P P R O A C H R E L E V A N T T O S T U D Y T H E S T A B I L I T Y OF 

T H E T E R R E S T R I A L M A G N E T O P A U S E ? 

In section 3, it has been shown that terms usua l ly neglected 

in the general ized Ohm ' s law became comparable to the convection term 

due to the electric field for reg ions both ins ide the MPL and P B L . T h i s 

is due to the presence of large amplitude i r regular i t ies whose scale 

lengths range between 10 km and 1000 km. At the sha rp boundar ies of 
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these i r regu lar i t ie s , finite Larmor rad ius effects do not represent small 

correct ions and the inequal ity (11) is certa in ly not checked. C lear ly 

th is inval idates the M H D assumption of " f r o zen " field as desc r ibed by 

equation ( 4 ) . Therefore it is not relevant to use an M H D approach to 

s t u d y the phys ica l p rocesses occur ing at the terrestr ia l magnetopause 

and in part icular to s t udy its stabi l i ty. 

Most p rev ious work on the magnetopause stabi l i ty was 

performed before h i gh time resolution observat ions become available and 

th is fact exp la ins why ideal M H D was so f requent ly assumed in these 

ear ly s tud ies . However as it has been demonstrated in th is paper , the 

relevance of a cont inu ing M H D approach becomes ha rd l y justif iable. 

Actua l l y , the small-scale inhomogeneities present ins ide the MPL and 

P B L can change drast ica l ly the usual large-scale descr ipt ion of magneto-

pause osci l lations somewhat like in hyd rodynamic s when tu rbu lent eddies 

present in an otherwise laminar flow can change the character i s t ics and 

the stabil ity of the layer s u r r o u n d i n g th is flow. 

Another point to be crit icized in the M H D theory of the 

Kelv in-Helmholtz instabi l ity is the assumption of incompress ible pe r t u rba -

t ions of the magnetopause layer. Indeed, it may be s u r p r i s i n g that, in 

such a h i gh l y spatial and temporal v a r y i n g layer, the plasma ins ide the 

magnetopause behaves like an ideal incompress ible f lu id. 

It is also important to note that the layer over which the 

plasma bu lk velocity changes s ign i f icant ly has a larger th i cknes s than 

the layer over which the magnetic field var iat ion takes place. A s 

demonstrated by observat ions (Eastman and Hones, 1979), the plasma 

velocity var iat ion does not so much take place at the magnetopause (as 

the magnetic field does ) , but the largest velocity shear occu r s at the 

so-called plasma bounda ry layer ( P B L ) . How can then the Ke l v i n -

Helmholtz modes be unstable when the plasma velocity appears near ly 

unchanged across the magnetopause? 



However, a sal ient feature of many satellite t r ave r sa l s is that 

the magnetopause appears to be c ro s sed repeatedly in a s ing le pa s s 

(multiple c r o s s i n g s ) . It has therefore been s u gge s t ed that the magneto-

pause is f requent ly in motion ( A u b r y et a l . , 1971; Lepp ing and 

Bu r l a ga , 1979). These inferred magnetopause motions have also been 

interpreted as magnetopause osci l lations cons i s tent with r ipples on the 

magnetopause sur face, a l though deduct ions about the temporal s t ruc tu re 

of the magnetopause are hard to formulate from a s ing le satellite 

t raver sa l . Recent ly, the pair of I S E E satellites have detected some 

detached s t ruc tu re s of magnetosheath - l ike plasma well ins ide the 

magnetopause (Eastman and F r a n k , 1982). S u c h magnetosheath- l ike 

s t ruc tu re s have also been detected ins ide the P B L by the P rognoz -7 

satellite ( L u n d i n and Apar ic io , 1982). These magnetosheath- l ike reg ions 

are usua l ly associated with s t rong flow of solar wind ions ( H + and 

H e + + ) and the presence of terrestr ia l 0 + ions and can be class i f ied 

r ough l y as "newly injected" or " s t a gnan t " ( L u n d i n and Apar ic io , 1982). 

A non stat ionary indentation mechanism cannot explain the s tagnant 

magnetosheath- l ike events with s t rong 0 + f luxes ins ide the s t r u c tu re s . 

On the other hand, the theory of impuls ive penetration of solar wind 

i r regular i t ies into the magnetosphere f i r s t proposed by Lemaire and 

Roth (Lemaire and Roth, 1978) can account for these obse rva t ions . It is 

l ikely that some magnetosheath- l ike plasma i r regular i t ies have been 

obse rved in the past du r i n g s ing le satellites t rave r sa l s but have been 

unders tood as magnetopause osci l lat ions. 

Furthermore, the role of the interplanetary magnetic field 

orientation with respect to the ear th ' s dipole field is known to be 

important for the interaction processes between the solar wind and the 

magnetosphere ( S c kopke et a l . , 1976). In an M H D f ramework, the 

importance of th is factor does not appear a s ign i f icant one ( T r u s s o n i et 

a l . , 1982). However, in the impuls ive penetration theory of Lemaire and 

Roth, it is shown that the interplanetary magnetic field direct ion 

controls the capture of plasma i r regular i t ies into the magnetosphere 

(Lemaire et a l . , 1979). 

-14-



In conc lus ion, greater theoretical i n s i gh t into the phys ica l 

p roces ses occur ing at the terrestr ia l magnetopause must come from 

stud ies of the se l f -cons i s tent plasma and field equat ions, allowing for 

the presence of the interp lanetary magnetic f ield. T h i s requ i re s the 

reformulation of the problem in the kinetic domain. ' T h i s is however a 

v e r y diff icult problem but it resu l t s from observat ions that there is no 

other alternative. Furthermore, observat ional evidence of large potential 

d rop s along po la r - cu sp field lines indicates the need for f u r the r efforts 

to determine the appropr iate bounda r y condit ions at the magnetopause 

(Will is, 1975). 

In th is context, a cont inu ing M H D approach would hamper the 

p r o g r e s s to be encouraged along the line of more appropr iate kinetic 

approaches . Indeed, it would g i ve the false impress ion that the M H D 

framework can prov ide a sat i factory " E r s a t z " to s t udy the phys ica l 

processes invo lved at the magnetopause. 
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