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ABSTRACT 

We apply the MHD energy pr inc ip le to .the s t a b i l i t y of a magnetized 

atmosphere which i s bounded below by much denser f l u i d , as i s the so lar 

corona. Me treat the two f lu ids a s i d e a l ; the approximation which i s 

c o n s i s t e n t with the energy p r i n c i p l e , and use the dynamical condit ions that 

must hold a t a f l u i d - f l u i d interface to show that i f v e r t i c a l displacements of... 

the lower boundary are permitted, then the lower atmosphere must be perturbed 

as w e l l . However, displacements which do not perturb the coronal boundary can 

be properly treated as i s o l a t e d perturbations of the corona a lone . 
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I . INTRODUCTION 

Studies of the equil ibrium and s t a b i l i t y of magnetized plasma in a 

g r a v i t a t i o n a l f i e l d ore important1- to many areas o t a s t r o p h y s i c s , including 

so lar and s t e l l a r phys ics (reviewed by P r i e s t , 1982, and Rosner e t a l . , 

1984) . The s t a b i l i t y of s t ruc tures in the so lar corona i s re l evant to 

understanding the onse t of eruptive a c t i v i t y , as wel l a s the necessary 

condi t ions for equi l ibrium. Because even the s imples t models of coronal 

features are s u f f i c i e n t l y inhomogeneous that so lv ing the f u l l mode problem i s 

very d i f f i c u l t , many s t u d i e s o f coronal MHD s t a b i l i t y have used the energy 

p r i n c i p l e method of Bernstein e t a l . (1958; hereaf ter BFKK) to determine 

s t a b i l i t y without c a l c u l a t i n g the modes themselves . 

Coronal magnetic f i e l d l i n e s are thought t o be connected to the lower 

so lar atmosphere (chromosphere and photosphere) , which i s much denser than the 

corona, and Ult imately to extend in to the so lar i n t e r i o r . Rather than 

considering the s t a b i l i t y of the composite system c o n s i s t i n g of hot gas and 

cooler underlying mater ia l , most s tud ie s of coronal MHD s t a b i l i t y have imposed 

a boundary a t the coronal base and have treated the lower atmosphere only 

through i t s in f luence on the boundary c o n d i t i o n s ! 

Several d i f f e r e n t assumptions about the boundary cond i t ions on £ | , the 

component of the f l u i d displacement * p a r a l l e l to the magnetic f i e l d S, have 

been made in the l i t e r a t u r e . Schindler e t a l . (1983) chose t * Or as i f the 

photosphere ware a r i g i d boundary. Einaudi and van Hoven (1981) imposed 

p a r i t y cons tra in t s on €g that a l low 5 B jt Q, ifc,0d (19S4a,b) did not e x p l i c i t l y 

r e s t r i c t £j a t a l l . 

In t h i s paper, we d i s c u s s the inf luence of the photospheric boundary 

condi t ion on s t a b i l i t y by assuming t h a t both the upper and lower atmosphere 

are idea l f l u i d s . I t i s c l e a r that mater ia l in the so lar atmosphere does not 
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always behave a d i a b a t i c a l l y . Radiative processes , thermal conduction, a.id 

some form of heating a l l play rolea in the s tructure . Haas flow l a o f ten 

present . The two-fluid treatment in t h i s paper i s an i d e a l i z a t i o n , but i t i s 

an i d e a l i z a t i o n which i s c o n s i s t e n t with the MHD energy p r i n c i p l e , and should 

be a good approxination as long as the HHD t i n e s c a l e s are rapid conpared to 
• 

the tine scale on which mass exchange occurs between the two fluids. 

, equilibria with flows, and nonadiabatic perturbations, cannot be studied with 

the ideal HHD energy principle. 

we find that for coronal stability problems in which gravitational 

stratification is included, the effect of nonaero 5| is to force the lower 

atmosphere to be perturbed. This arises in a natural way from the conditions 

at the boundary between the two fluids. 

In Sec. II, we use the HHD energy principle to demonstrate the existence 

of a surface integral and a perturbation of the lower atmosphere when ; ( is 

not zero at the boundary. In Sec. Ill, we discuss the effect of the boundary 

terms on various results in the literature. Section IV is a discussion 

together with conclusions. 

II. BOUNDARY CONDITIONS AND ENERGY PRINCIPLE ANALYSIS 

He first describe the equilibrium model, including the conditions which 

' must be fulfilled at the coronal base. He then derive the corresponding 

i conditions in the presence of snail perturbations. Finally, we use the MHD 

energy principle of BFXK to assess the effect of the boundary conditions on 

|: stability. Ideal MHD (adiabatic, inviscid, infinite electrical conductivity) 
I 

i s assumed to hold throughout. 

| 
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a) Boundary condi t ions 

the equation of mechanical equilibrium in a s t r a t i f i e d atmosphere i s 

v • [3 8 - l ( p + B 2 / 2 ) ] + Pg - 0 (1) 

where P, B, P, and g are the gas pressure, magnetic field, gas density, and 

gravitational acceleration, respectively. For a surface of discontinuity with 

normal direction n in the fluid, it follows fron V • e » 0 and from equation 

(1) that 

<B > » 0 , (2a) 
n 

<BnBt> - 0 , (2b) 

[i*l ~ B*)/2 - P] * 0 , (2c) 

where the nota t ion <S> re f er s to the jump in quant i ty S acros3 the 

d i s c o n t i n u i t y and the subscr ipts n and t re fer to normal and tangent 

d i r e c t i o n s to the sur face , r e s p e c t i v e l y . Note that i f B = 0, B t may be 

d i scont inuous , but i f B n j* 0, B n , B t , and P are each continuous separate ly . 

These condi t ions are d i scussed , e . g . , by Roberts (1967) . 

Now consider a small displacement ? of the f l u i d . The Eulerian 

perturbations of P, B, and P are (BFKK) 

6 9 - - T T P V « | - t * ' » , (3a) 

«B = V x ( f x jj) = Q , ( 3 b ) 
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5p = - 7 • pf . (3c) 

Faraday's law implies t h a t , t o f i r s t order in 5, 

<n * {t * B)> » 0 . (4) 

Furthermore, C n must be continuous. 

Conditions for the perturbed system analogous to B^s. (2> were derived by 

BFXK for a fluid-vacuum in ter face tangent to S, and by Goedbloed (1979) for a 

f l u i d - f l u i d i n t e r f a c e , again with S * n - 0, whi le Roberts (1967) g i v e s 

condi t ions for i • n ji 0 . Equations (2) must be l i n e a r i z e d and s a t i s f i e d a t 

the perturbed boundary, with reference to the perturbed normal, Oie re l evant 

perturbations of the f lu id var iables here are the Lagrangian perturbat ions , 

which fol low the boundary elements to the ir new p o s i t i o n s . Ihe lagrangian 

perturbations flP, i S , and Ap can be obtained from t h e i r Eulerian counterparts 

(3a ,b , c ) by the usual r e l a t i o n s h i p for any quant i ty 

AS = «S + I • Vs . (5) 

As Roberts (19$7) shows in d e t a i l , for the case B ' n / 0, 

<AB> = <flF> - 0 (6) 

Equation (6) i s the analog of Hjs . [2] above; the Lagrangian pertvirbations of 

P and 6 as wel l as P and S themselves are continuous across the i n t e r f a c e . 
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b) Energy p r i n c i p l e 

The l i n e a r i z e d equation o f motion for the displacement vector I i s 

p l 2 -?(!) . (7) 
3 t 2 

where 

Kt) • ?(YPV • I + I * Vp) + (V x g) X I + (V x B ) x C - | V 'fit (8) 

and i t i s assumed that g i s produced by external sources and remains 

cons tant . The perturbed p o t e n t i a l energy i s 

«w(?,f) = - 1 / d3x t • F(?) (9) 

where the i n t e g r a l extends over the volume of the f l u i d . In the general case , 

both the photospheric and coronal f l u i d s contr ibute to 6w. 

BTKK proved ( see a l so Freidberg 1982) that the system i s unstable i f and 

on ly i f Svirf.t) i s negative for a displacement vector t which s a t i s f i e s 

appropriate boundary c o n d i t i o n s . Iti the most r e s t r i c t e d s ense , * must s a t i s f y 

c o n t i n u i t y condi t ions such as Bop. (4) and (6) and c o n t i n u i t y of C n a t an 

i n t e r f a c e . However, BFKK proved an extended energy p r i n c i p l e for the plasma-

vacuun problem with B • n m o. They showed t h a t ? need not s a t i s f y the 

Ligrangian force-balance condi t ion [(Eq. 2.32) in t h e i r paper? Bq. (6) here] 

by proving that i t i s pos s ib l e to c o r r e c t % in a th in layer near the i n t e r f a c e 

in a way which enables I to s a t i s f y the pressure balance condi t ion . In t h e i r 

construct ion [see a l s o Roberts (1967) ) , * i s augmented by a vector cf\ which 

goes t o zero within a d i s tance e from the boundary. Then, the normal gradient 
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of n i s of order e" 1 , and the contr ibut ion o f eiT to fiwp i s of order e. The 

extended energy pr inc ip le makes i t poss ib le to choose t r i a l funct ions t f^ 

<5ft which do not s a t i s f y the force balance condi t ion . Bob-wts (1967) d i s c u s s e s 

the extended energy pr inc iple in cases where Ji • h f 0 . Since the Lagrangian 

force balance condit ion invo lves both I and i t s d e r i v a t i v e s , and takes some 

care to s a t i s f y , the extended energy pr inc ip le i s e a s i e r to norJc with and i s 

used in most a p p l i c a t i o n s . 

When tne extended energy p r i n c i p l e i s wri t ten in i t s usual form [BFKK; 

Bq. ( 3 . 1 6 ) ] , surface i n t e g r a l s involving the pressure balance condit ion 

appear. These i n t e g r a l s are re la ted to the change in plasma po ten t ia l energy 

caused by the PdV work done a t i t s surface . We now consider the ro le of these 

boundary terms. According to Bj s . (8) and ( 9 ) , 

2«w(f , f ) = - / d 3 x [ I « 7 ( Y P V . | + £.Vp) + h(V*Q)x* + £*($*B>p - t - g V*pt] (lo) 

Integrating by parts , t h i s can be wri t ten 

2«w(t,£) =2«W„ + 2«W , 

P s 

26Wp= / d 3 x[ (v«£) CY? ?'? + f-Vp) + Q 2 - t*(VxS>C * l ' 9 ' ' f t ] 

2«Wg = - / d 2 x [(n't) CYP V't + I'Vp) + Q • [n x ( fxS) ] . (11) 

The surface integra l <5wg i s taken over the boundary between the upper and 

lower atmosphere, plus terras a t i n f i n i t y , which we assume vanish. If the 

horizontal extent of the structure i s f i n i t e , we can impose horizontal 

per iodic boundary condi t ions . The volume in tegra l <SwF contains contr ibut ions 
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from both f l u i d s . 

Proceeding s i m i l a r l y to BFKK (see a l s o Roberts , 1967) , we rewrite the 

surface i n t e g r a l in Eq. (11) using the boundary condi t ions s a t i s f i e d by ? . 

Bote that even i f we use the extended energy p r i n c i p l e , so that we al low t r i a l 

funct ions in the volume i n t e g r a l fiwF which do not s a t i s f y the boundary 

condi t ions ( 6 ) , we must eva luate 6wg assuming that these cond i t ions are 

s a t i s f i e d . This has not always been done in the l i t e r a t u r e . 

According to B}« (4) , - n x ( i s continuous a t the i n t e r f a c e . Using 

Eqs. (5) and <6), Ap and $ + t * is" are continuous as w e l l , as i s X * n. 

These r e s u l t s enable us to write 

2«WS = - <£ d 2 * { ( n . £ ) [1.V(P + B 2 / 2 ) ] - (n-S) ( l - V B > f } 

Using the equation of mechanical equi l ibrium, t h i s Lecomes 

2«WS = i d M ( n « ^ {[B'VB)'t * P?'g] - (n-B) ( f . V B > & 

or 

2fitts = - £ d 2 x { ( n ' t ) ( t ' | ) p * [ n x ( | x | ) . V B ] 4 } 

Ev ident ly , the second term invo lves only tangent ia l d e r i v a t i v e s o f i a t the 

i n t e r f a c e . But the tangent ia l d e r i v a t i v e s of B are continuous; t h i s term i s 

there fore zero . If we take g * yg and l e t the boundary l i e in the x-z p lane , 

tnen fiw- takes the f i n a l form 

2«WS - / dxdzCygfpjj - P j (12 ) 
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where Pj and P u denote the densities in the lower and upper atmosphere, 

respectively. 

Equation (12) is exactly what is expected when one considers the 

Rayleigh-Taylor instability between two media of different density (e.g., 

Chandrasekhar, 1961). Since PJJ » P u in the problem considered here, the 

3 irfaee term is positive. Ihus we have shown that for nonzero g, the presence 

of flow across the unperturbed fluid boundary (nonzero ? () tends to be 

stabilizing. The surface term given in Bq. (12) arises naturally from the 

dynamics of the problem, and must be included in any evaluation of <SW. 

We can write 

«» = <5WFC + «W p L + «Wg 

where 6wFC, and <5wFL are the contribution of the corona and the lower 

atmosphere to 6wp as given in Bj. (11), and 5Wg is the surface term given in 

Eg. (12). 

It is clear that if the problem of the stability of isolated coronal 

structures has any meaning, we must be able to make *W F L vanishingly small. 

This requires, in general, that X be nonzero only in an infinitesimally 

thin layer below the boundary. Can the argument used in deriving the extended 

energy principle be applied to this situation? That is, is there always a 

displacement ? of the lower atmosphere which satisfies the interface 

conditions but which makes 'Sw— arbitrarily snail in magnitude? 

In general, there is not. Recall from the discussion of the extended 

energy principle following Bj. (9) that the correction vector to 5 is assumed 

to be of order e and localized to a layer of width e. its contribution to 5wp 

is then of order e. But in the present case, if t *n is of order 1 at the 
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i n ^ r f a c e , a n d t i s again l o c a l i z e d to a layer of order e, 5 w F L w i l l be order 

E " \ we cannot always make 5 w P L n e g l i g i b l y small . 

The case * • n » 0 i s an except ion . In t h i s c a s e , t can be zero on the 

boundary and of order e in a layer of width e. For example, take y » 0 to be 

the surface; y * -" with depth. Take the Lagrangian pressure and magnetic 

f i e l d perturbations d p g { x , z ) , i S g { x , z ) to be prescribed by the d i s p l a c e a e n t of 

the upper atmosphere. Then, for y < 0, l e t 

y 

V x , y , z ) = - | _ ( * B z 3 - ^ K / V e ^ J , 
y 

tAiere the functions mult iplying the exponent ia l s are evaluated a t y = 0. This 

choice of f g i v e s 6w p of order e for y < 0. 

These arguments have the fol lowing impl icat ions for MHD s t a b i l i t y 

a n a l y s i s of the so lar corona. i f we r e s t r i c t ourse lves t o displacements 

with ? • n y 0, then *WS and 6w p l j can both be made zero, and Lt i s both 

necessary and s u f f i c i e n t for the s t a b i l i t y of the " i so lated" coronal modes 

that ^Wpj, > 0. If we consider displacements with * • n ? 0, the p o s i t i v e 

d e f i n i t e term 6w s [ o . f . B J . (12)] must be added to Sw F C - In addi t ion , 6 w p L 

must a l s o be minimized. This requires an e x p l i c i t model of the lower 

atmosphere, but none of the present ly ava i lab le coronal equil ibrium models 

inc lude the lower atmosphere. Thus, the s t a b i l i t y of modes with X ' n j> 0 i s 

indeterminate. In summary, i t i s s u f f i c i e n t but not necessary for the 

s t a b i l i t y of the i s o l a t e d (e K n » 0) displacements with unrestr ic ted X ' n. 
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Modes with ? " n j 0 cannot properly be tes ted for s t a b i l i t y without a model 

of the lower atmosphere. 

I I I . EFFECT OF SURFACE TERMS OH CORONAL STABILITY 

In t h i s s ec t ion , we d i s cus s the relevance of the tern iw g and Ŵ™ 

derived in Sec. 11 t o a number of s t u d i e s of coronal MHO s t a b i l i t y i n the 

l i t e r a t u r e in which d i f f e r e n t lower boundary condit ions were assumed. We 

f i r s t consider the conditions, o r i g i n a l l y uaed by Einaudi and Van Hoven (1981) 

and then discuss the condit ions used by Schindler e t a l . (19£3). F ina l ly , we 

t r e a t the work of Ifood (1984a,b) , for which, the necessary a n a l y s i s i s somewhat 

more involved. In a l l the papers we w i l l t r e a t , the components of £ 

perpendicular to the magnetic f i e l d are assumed to vanish a t the base of the 

atmosphere. The physical motivation for t h i s i s that the f i e l d l i n e a are 

assumed to be f ixed in dense, i n f i n i t e l y conducting phatospheric g a s . 

a) Line tying with flow a t lower boundary 

Einaudi and Van Hoven (1981) studied the s t a b i l i t y of coronal loops 

idea l i zed as cy l inders of f i n i t e length with twisted magnetic f i e l d s . They 

did not include grav i ta t i ona l s t r a t i f i c a t i o n , an approximation which a p p l i e s 

when the thermal scale height much exceeds the s i z e of the system. The 

condi t ions they imposed a t the ends o f the cyl inder are 

£^ = 0 a t z = ±L 

£ ,< -L ) - e . ( L ) ( I S ) 

i r v - ^ - d T ^ ' 
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where z is along the axis of the cylinder and C| and 5j_ are the components of 

t parallel and perpendicular to B. These conditions have also been used by 

Migliuolo et al. (1984), Elnaudi and Van Haven (1983), and references 

therein. since t *n ^ 0 in their model, they can derive sufficient but not 

necessary stability conditions for the isolated modes. 

b) Rigid boundary condition 

Schindier e t a l . (1983) used the condition t - 0 on the lower boundary, 

which corresponds to treating the photosphere as a rigid, perfectly conducting 

wall. It i s clear in this case that dws and ^Wĵ  vanish. Thus, none of the 

s tabi l i ty results arising- from their minimization of <5wF are affected by 

addition of the corresponding Sw„ or 6w F C. m a sense, the f • 0 boundary 

condition i s a limiting case of the two-fluid analysis for P̂  + *•• If P̂  + °», 

iw s becomes large unless S n * 0. One must also impose Si. = 0. 

c) Line tying with unrestricted Ej 

Hood <1983a) derived a form of Sw including gravitational 

s trat i f icat ion. He used the lower boundary condition * * & • 0, although only 

in the approximate sense described below, and did not res tr i c t £$. Although 

his formulation (as does that of Schindler .et J*l,») extends to systems in which 

the magnetic fields have three 3patial components, the analysis here i s 

restricted to systems in which the f ie ld l ines l i e in parallel , vertical 

planes, such that 

S - + * | | - y £ . „4J 

All the equilibrium quantities are functions of x and y only, and the magnetic 
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f i e l d l i n e s are assumed to form loops which are symmetric in x . These systems 

resemble so lar magnetic arcades. Defining A1 as t • VA and using (14) , Hood's 

boundary condit ion becomes A 1 » 0 on the boundary. Using only t h i s boundary 

condi t ion , he writes oVp^ as 

B B 

3 E V A * VA. +JA 
[B * - J ] 2

 + PHY-, X* ' If * . * ' > ' ? e - y / H ) 2 ] (15) 

Here, J is the current density, H is the thermal scale height, 

and 3/as • 1/B S • V is the derivative along a field line. 

To derive stability criteria. Hood assumes that the perturbations are 

isothermal (T = 1) and minimizes with respect to 3£z/3z and 7 •(te~y/>Ii). This 

results in the conditions 

v • t = ̂  , (16) 

He then takes the l i m i t o f i n f i n i t e l y large wave number in the z 

d i r e c t i o n ; k z + °°. Since condit ion [17) requires that the product k a S z be 

f i n i t e , the nagnetic tens ion term (B'VE ) z in 5w, which corresponds to bending 

the f i e l d l i n e s out o f the ir equilibrium plane, becomes n e g l i g i b l e . (See 

GLlman 1979, Asseo e t a l . 1980, Zweibei 1981) . Thus, 6"w i s reduced to the 

form 

2«W > /^ .{(^I jMvA.V^)- i £ - £]}* ,* , (,B> 
B B 
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which i a considerably simpler than Eq. (15 ) , s i n c e only the perturbation 

variable ht and i t s der iva t ive along a f i e l d l i n e appear. When 6w in the form 

(18) i s minimized subject to the normalization condi t ion / d 3 x A ^ » 1, the 

r e s u l t i n g Euler equation for A1 i s an e igenvalue equat ion. The s o l u t i o n o£ 

the e igenvalue problem i s the b a s i s of Hood's s t a b i l i t y a n a l y s i s (Hood 1964b) 

o f the Zweibel and ftundhausen {1962) equi l ibrium s o l u t i o n s . 

The minimizing condi t ions (16) and ( 1 7 ) , together with the assumption 

that Y - 1 and {^ » 0 a t the lower boundary, guarantee that 6w s , a s i t appears 

i n Hi. ( 1 1 ) , van i shes . Ifewever, as we showed in Sec. I I , the appropriate form 

of 6w s i s r e a l l y Eg.. (12) because of the Lagrangian force balance cond i t ion . 

Since £g i s unres tr i c ted , 5Wg w i l l g e n e r a l l y n o t vanish , and 6w p l j w i l l not 

vanish e i t h e r . 

We should a l so note that when 952/<>z i s given by Eg. ( 1 7 ) , S z w i l l not 

vanish on the lower boundary (because VA^ does n o t ! . Therefore, the condi t ion 

E.L =• 0 i s t e c h n i c a l l y v i o l a t e d . However, s i n c e £„ i s small [see the 

d i s c u s s i o n fol lowing Eg. ( 1 7 ) ] , i t appears c o n s i s t e n t to n e g l e c t £ z on the 

boundary when dropping (B • ' 5 2 ) from ^w^. 

Suppose that when SwF as given by Bg. (18) i s minimized over A 1 f the 

r e s u l t i n g £ [which can be ca lcu la ted from A1 us ing condi t ions (16) and ( 1 7 ) , 

as we do below] s a t i s f i e s t • n = 0, In t h i s case , *WF C I t s e l f w i l l be a 'true 

minimum. On the other hand, i f f • n ? 0, the minimization i s unacceptable 

because 6w s and Sw p L must be included. 

We now d i scuss the condi t ions under which the minimisation o f Eg. ( IS) 

w i l l permit t • n « 0 . Since fiwpc in Qj . (18) only conta ins d e r i v a t i v e s of A1 

along a f i e l d l i n e , we can consider perturbations which are l o c a l i z e d to a 

s i n g l e f lux - tube . To so lve for ? • n in terms of any given A^, we e l iminate 

3E _ /3z between condi t ions (16) and (17) to g ive 
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B 2 € 
<B • V$) . B - (B • VB) • 5 - -^- . (19) 

Then, E x may be written in terms of A, and £„ and el iminated from ( 1 9 ) . The/ 

r e s u l t i s a f i r s t order d i f f e r e n t i a l equation for ?„ as a function of A , , witt/ 

so lu t ion 

5y (s) . Ey(3)e^ r - e-VH(̂  £-£--£) . 0o, 
c y y i 

/ 
/ 

We assume here that B does not vanish anywhere on the field line, so afis a 

single valued function of x; the field lines Kiod studied have these 

properties. Let the field line end at ±s Q. Then, if £ y vanishes at the 

endpoints, we must have 

"V y y 

Since, in the geometry assumed, B x and B^ are even and odd functions of x (or 

s ) , r e s p e c t i v e l y , Eq. (21) w i l l be s a t i s f i e d only i f Aj i s an odd function of 

x . 

We i. now consider » o d ' s study of the Zweibel and Hundhausen (1932) 

e q u i l i b r i a (Hood 1984b). These e q u i l i b r i a form a one parameter family in 

which the parameter measures the volume e l e c t r i c current , or d i s t o r t i o n of the 

f i e l d l i n e s from a po ten t ia l f i e l d a t the base o f the atmosphere. The on ly 

previous s t a b i l i t y ana lys i s of these e q u i l i b r i a was a l o c a l a n a l y s i s (Zweibel 

1981) which showed that some port ion of a l l the ZH e q u i l i b r i a were l o c a l l y 

uns tab le . However, t h i s ana lys i s did not consider the s t a b i l i z i n g e f f e c t of 

magnetic tens ion. Hood found t h a t i n s t a b i l i t y along an en t i re f i e l d l i n e only 
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e x i s t s i f the parameter 20H which measures the current exceeds a c e r t a i n 

threshold . Hia so lu t ions for A1 are ev rather than odd, funct ions of x . 

According to the arguments above, the s t a b i l i t y boundary for i s o l a t e d coronal 

modes should be a t a larger value of the current parameter than that found by 

Hood. The s t a b i l i t y boundary for these modes can be found by so lv ing the 

Euler equation for the i n t e g r a l (18) with A1 • 0 a t the end and apex of a 

f i e l d l i n e . within the framework of the present a n a l y s i s . Hood has found a 

s u f f i c i e n t , but not necessary, s t a b i l i t y c o n d i t i o n . 

IV. DISCUSSION AND CONCLUSIONS 

In t h i s paper, we have considered the lower boundary condit ion for 

coronal MHD s t a b i l i t y problems. These systems are character ized by magnetic 

f i e l d l i n e s which connect the corona to a much denser , underlying 

atmosphere. Tt;eir ideal MHD s t a b i l i t y has b , - e d using the SFKK energy 

p r i n c i p l e . 

The lower atmosphere has simply been modeled 93 a r i g i d , conducting wall 

in some previous treatments ( e . g . , Schindler e_t _al. 1983) on which the f lu id 

displacement f vanishes . Other s tud ie s have allowed a nonvanishing f lu id 

displacement p a r a l l e l to the magnetic f i e l d a t the lower boundary, but 

required the perpendicular components ?j_ t o van i sh . 

I f displacement of the lower boundary i s permitted, there are two bas ic 

ways in which t h i s can be interpreted p h y s i c a l l y . One approach i s to consider 

the boundary as a contact surface between two idea l f l u i d s o f d i f f e r e n t 

temperatures and d e n s i t i e s . We pursued t h i s approach here . The a l t e r n a t i v e 

i s to consider tne lower boundary as a source or sink of mass. This i s only 

p o s s i b l e i f heat gain or l o s s mechanisms are ava i lab le to e f f e c t a. phase 

change between the two f l u i d s . Although the l a t t e r viewpoint c e r t a i n l y has 
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elements of physical real.'.sm, the idea l HHD energy p r i n c i p l e i s inapp l i cab le 

to such systems. 

We reviewed the boundary condi t ions which apply to a f l u i d - f l u i d 

in ter face and pointed out that these boundary condi t ions lead to surface 

i n t e g r a l s in the perturbed p o t e n t i a l energy Sw which represent Mv work done 

a t the in ter face between the f l u i d s . These terns £<Bj. 12)] can be written in 

a form which invo lves the d e n s i t y contras t between the two f l u i d s , and i s the 

same term one derives in an ana lys i s of the Rayleigh Taylor i n s t a b i l i t y a t an 

i n t e r f a c e between unraagnetized f l u i d s , s ince the lower atmosphere i s much 

denser than the upper atmosphere, the surface term i s s trongly s t a b i l i z i n g . 

I t vanishes when the displacement normal to the boundary van i shes . 

We a lso found that &* F C cannot be ignored for displacements with 

f * n?*0. thus , there are two types of displacements; the i s o l a t e d coronal 

modes, with f • n = o, for which 8w s and 6 w F C can l e g i t i m a t e l y be s e t equal to 

zero , and the displacements with t * n j 0 . For the l a t t e r , the s t a b i l i t y 

problem c o n s i s t s of j o i n t l y minimizing *WF C, 4 w F L , and 5w s . 

If the volume term SWpg alone i s minimized, as was done by Hood 

(1984a,b) , the r e s u l t can be used t o g ive a s u f f i c i e n t , but not necessary , 

condit ion for s t a b i l i t y of the i s o l a t e d coronal modes. We showed that Hood's 

minimization of 5w F C for a par t i cu lar s e t of e q u i l i b r i a (Hood 1984b) led to 

nonvanishing ? • n. The imposit ion of E • n =» 0 on the boundary requires that 

Hood's t r i a l functions A 1 have odd p a r i t y . We would argue, therefore , that 

some of the e q u i l i b r i a that Hood predicted are unstable are a c t u a l l y s t a b l e , 

according to the two-f luid a n a l y s i s . 

The r ig id boundary condi t ion with ? = 0 has a. vanishing surface term. 

+ 

This assumes that the r i g i d boundary condit ion with 5 = 0 leads to a s e l f -
cons i s t en t problem in which Sw^, alone i s minimized. This seema to be the 
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s implest approach to t rea t ing the corona as an i s o l a t e d system. The f u l l 

problem, involv ing thermal exchange and dynamical forcing by motions of the 

f i e l d i i n e endpoints , w i l l have to be explored by other methods than the MHD 

energy p r i n c i p l e , 
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