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ABSTRACT

The propagation of the small amplitude disturbances in an inkomogeneous
atmosphere embedded in an idealized dipole field of a uniformly magnetized body
iIs considered. The gravitational forces are included. It is found that due to
inhomogeneity of either the density or magnetic intensity the disturbances gtnfrally
tend to grow excepting in a special case. This conforms to the general belief on
the formation of shocks in atmospheres. But in the special case when the local
Alfven speed is constant and when the phase velocity lies between magneto-
acoustic mode and magneto-acoustic mode modified by Lorentz force, the distur-

bances dic out.

INTRODUCTION

ty of disturbances in the equatorial plape
ortance both in the context of terrestrial
and solar fields. For example, in the former case, the disturbances may be

due to the passage of equatorial artificial satellites, ‘while in thv.-:t la-t::ler I:iic
they may be due to the ejection of the material from equatorial piane.

i to be uniformly
Following Hamlin et al' and Avrett’, we consider the body

1. The hydromagnetic stabili
of an idealized dipole field is of imp
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atized slab and of widih a4 and extending t? infinity in the x- and -.
n'!agn-: ~Th dealized field lines in the undisturbed state are takes
B o e i Ty & iven by Hy =(Ha®[r%, 0, 0} where H denote
parallel to the body and areTglv\n y Hy 5 0, 1 ) 8
the intensity at the surface. We have taken the y-axis norma 'to the surface
of the body and r denotes the distance Jineusured along this axis. The z-axis
is taken perpendicular to the field linc's in tl'w pla.inc of the boci]y We note
that this magnetic field configuration is realized m_ the equatorial plane of 3
dipole ficld. The density p, of the atmt?sphere in the un.pcrturbed state is
taken to vary as po-Ra"/f". where R is the Sul:face density. Furt'hcr, the
atmosphere is subjected to the gravitational attraction ot: the body given by
g = (0, Ga’/r’, 0), G being the magnitude of the acceleration due to gravity at
the surface. We shall furthar suppose that initially the medium is at rest
and is in a steady but nonhomogeneous state, the pressure gradient being
balanced by gravitational and Lorentzian forces. Moreover, the medium is

taken to be an ideal conductor. Consequently, the basic equations governing
the system are

Pp/at + div (pv) = 0, [1.1]

plav/at + (v V) vl = pg+ (u/c) I x H- V¥ p, [1,2]
VB =0,
VD=0,

curl E= — (1/c) (3 B/> 1),

curl H= (4= /c) I + (1/c) (2D /21),
B =y H,
D=¢cE,

[1.3]

and E+(1/c)vx B =0, [1.4]

_ We shall denote the unperturbed quantities with the suffix 0 and the
Infinitesimal perturbations in all the physical variables by the suffix 1.
F;B:'lher, we shall assume that all the perturbed quantities vary with time as
ey I-\lo'ndlmensionalizing the distances with g and the magnetic field with H
and eliminating the perturbations in density and electromagnetic fields, we

obtain the following cquation satisfied by the induced velocity -
/1" = (G/aw?) [div(v,/q")]G, + [ H?/(47 iRa o V)13 3o x by + (curl b,) x Hy]

+(u H*[4x R) (ne/c®)(vy x H,) x H, — (8°/a® w?) grad div (vs/9") [1.5]

whege b - (V/iam) curl (vy x Hy), [1.6]
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V and S being typical speed and sound

speed | ;
Go. Jp and Hy are given by Peed in the medium. The vectors

Gy = [0, (t/79, 0],
Jo=[0, 0, (1/5], [1.7]
Hp = [(l/*fa): 0, O]r

with 9 - r’a the nondimensional equatorial distance.

; : _ In order to simplify the
discussion we shall introduce the following nondimens;

onal parameters.
a = (aw/V), the frequency number,

B=[c/{~V(ue) V}], the clectromagnetic number,
F = (Ga/Vz), the Froude number,

¥ =u H’[/(4 = RV?), the Alfven number,
and 8 = (S/V), the pressure number. [1.8]

Witk the help of these, the equations (1.5) and (1.6) reduce to
(71/']“) s (F/ﬂz) [di" (VI/QH)] Go + ('}’/fﬂ) [3 Jo x by + (CUfl hl) X Ho]
+ (7/8°) (v1 x Hg) x Ho ~ (87/a’) grad div (v,/57), [1.9]

and b, = (1/ia) curl (v x Hy) [1.10]

In section 2 we shall consider the case when all the perturbed quantities
depend on the normal distance 5 only and in section 3 when they vary along

the direction of the initial field according to e** in addition to varying

) of
transverse to the unperturbed magnetic field. These two cases are

particular importance.

2. When the disturbances vary only along the {Jorma'l, thlc:quuaat:;zi;
(1.9) a-nd (1.10) reduce to a single cquation for the nondimensional eq

velocity component v : 2 -y
n 2y _[94/n? + 21 83/ + Flg"*2] (dofdn) +[ye"[F" 7
[y/n® + 8%/97] (@ ofdn®) = [Oy/n’ +2m [y .

nnt n+3 -0-
+2ly/q® +a’ /" + {n(n +1) 89"} +nF[q""Jo

] 1 1 1 5'?{“ tllc abo ;

. ic bebaviour of the
solutions is completely determined by the asymptolic

: . finity is of the normal type
: : oint at infinity 15 Ol
solutions,  The irregular singular P asymptotic solutions of the type

A ) 4 d hence admits . inarw copstaot.
(Forsyth?, TI‘IFOIHI) an tant and O a, real or purely imaginary
npeo"l whcrc p 1S 8 rcal consia
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the sign of p and the npature of _9 completely give the
information regarding the stability of th_c pert.urbathns. Further, in order
to interpret the results we note the following points of 1mpc:rtance:

(i) The successive terms in the coefficient of t'he mlddl? -tt?rm of(2.l)
arise respectively due to the inhomogeneity of the initial magnetic
field, density variation and due to gravitational force.

(1i) For n <6, the significant contribution is from the density gradient

and in this case the local Alfven speed (which is proportional to
n""¢) tends to zero at large distances and the main process is

the pressure build up.
(iii) For n> 6, the field gradient is the predominant term and the local
Alfven speed tends to infinity as 5 tends infinity.

(iv) When n =6, the contributions of density and field gradients are of
the same order and the magneto-acoustic mode comes into play,

Consequently,

The following are the asymptotic forms for various cases:

(a) n<5.
v (n) ~ 7" [4 cos («n/8) + Bsin (an/8)]; [2.2]
(b) n=5.
0 (n) ~ 7’ [4 cos{(an/8) + (ya(g® - 5°){2 5°5%) log 5}
+ B sin{{an/8) + (ya(B® - 8%)/28%8%) logp']; [2.3]
(c) n=6.
v (1) ~ 1°[4 cos Ay + Bsin Ay); [2.4]

where p = [(9y +128%)/2 (y + §')] > 1,
N = [a?(E2+7)/8 (3 + )]

(d) n=1.
0(1) ~ 924 cos{an/B + [« (82 - 57)/278] 10g }
+Bsin{an/B + [« (87— 87) /2y ] tog 4} ) ; [25]
(e) n>1.
o(7) ~ 9 [4 cos (an/8) + B sin (an/g)]. [2.6]

F ™
a]l::;sthlri: N c.oncludc th.at the unbalanced pressure gradient or field gradient
precominates leading to overstagle oscillation, 1In the particular case
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when n =64 1 thase oscillations are aperiodic also

always there would be build up of the ———— Hence we conclude that

the gencral belief regarding the formation of shozzsi.rhls e

atmosphere in such cases which always has
mechanism.

n an inhomogeneous
2 well-defined propagation

3. 1If, in addition to equatorial variation, one has the variation al
the unperturbed magnetic field, an additional induced motion in this dir*ct{;::«]rgz
occurs, Hence the system behaves as a diamagnetic material due ;0 the
coupling between transverse and longitudinal modes with a possibility of
stable modes under certain conditions of applied frequency and wave number,

Proceeding as before, the equation satisfied by the equatorial component of
the velocity is

_}’_+ ("1282 dzv- 1 3‘}’(222-2’(282) 2”0282 uzF du
[ ({12 _ kl 82) n d 2 uz _ kl 52 7 n+l nel

1 1 Y /) 7 7 dn
2 252 2 p | 2 h2 2

T -] e P T =L 8. P S

pt (®—K8%) " (a" =K 8) g B8y (21259 p

3y kK F ]
v —_— v =0. [3.1]
' ((12 = kz 32) qy

Here also the middle term represents the gradient ecffects. ‘But' the fact'or
a® - k* 8% arising due to the coupling of trapsverse -and longitudinal vel?c.ny
components determine the sign and hence ?hcrc is n.o‘l.t‘nbalanced ff.:trmng
force as in the previous case. Hence there is a possibility of slallluhty_an

growing and decaying modes. We shall surnmarize the results as follows:

(a) n <5.
L & 2
o(n) ~ q"[Acos)tq+BsmAq] if ¥2-8'>0,

~ p* e +Be ) if VoS <0,

[3.2]
and
A2 = (k3[8%) (V3= 57) = = i

where |
velocity along the ficld lines.

] i hase
= kV), the nondimensional p : S
3&T;de:r;ect£:lu /?f V) is supersonic, very little coupling takes place an

illati he other hand,
unbalanced retriving forces induce overstable «:}.'.cnll';.t1<)115d.m;)yﬂi nlg Tl
when it is subsonic, there is a growing mode and &

due to pressure build up.

(b) ned »
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As in the previous case, apart from an aperiodic phase shift, the results
S in 5 ;
are the same as in the case (a). In the supersonic case,

- ']
v(n) ~ n’°[4 cos {Anj + (B;/2)) log n} + Bsin{An + (bl/m) log n!],
and in the subsonic case
o (n) ~ 7°[de*T n~2* 4 Bem 7 P12, [3.3] .

where bl = (yk4,ﬂz }92 82) (Vi — Sz) [VE - Cg(l + ]/k2 ']

It is interesting to note that whenever the phase ve}ocity lies. in the range
(S, ¢y (1 +1/k*)'?) there is a phase lag and a phase shift otherwise

(c) n=7

In the case m>6, the deciding factor is the electromagnetic induction

and hence the speed of the light ¢; plays the role of §. If the phase velocity
is greater than ¢p then

v () ~ 9°[4 cos{Ay n +(82/22,) log 9} + Bsin{X, p + (b2/22,) log 7],

and if it 1s less than ¢y, then

0(5) ~ n°[Ae* ™1 g b2 4 g o= wan baize] [3.4]
where AM=E/BY)(Vi-c}) = M1,
and )= (o~ 3" K 87) -
A CSE S
(@) n> 1.

Here also, when ¥, > ¢4

v (1)) ~ 7°[4 cos An + B sin Aq],

and if Vnr < Cg, then

v(n) ~ n" (4 e &+ Be ¥7], [3.5]

Thus, when > 6, as in the
available. But nope of these are
Or growing and decaying modes.

(e) n=s.
By far, the case, when the local Alfven speed remains constant throughout

in {; ; : _ .
;hc do?am i.e. when n = 6), is the MOst Interesting and the most complicated.
wiead of giving the detailed SXpressiops, we shall summarize the results.

previous case, both types of modes are
stable modes. Either they are overstable
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Four characteristic velocities a
between hydromagnetic, acousti
They are respectively

ppear 1 this case due to intense coupling
C, and transverse and longitudinal modes.

V4 %4
> Ry Gl paapE > and %
A | [ I+ (VA/C'I])] 2 []_ +(lesl)]l;'2 ’

namely, the sound speed, the magneto-acoustic mode mod
force term, the magneto-electromagnetic mode,
mode.

Whenever the phase velocity lies between modifed magneto-acoustic
velocity and the magneto-acoustic velocity, the perturbations are stable and
behave as -

ified by Loreniz
and pure magneto-acoustic

0(n) ~ (1/5°*) [4 cos Ay + Bsin Anl, [3.6]

where

el Vi[ vi— (V32 +(3/2) (v3/ )] ]

Sty V2 Ve—-{Villl +(V3$)]}

Whenever the phase velocity lies between acoustic velocity and the magneto-
electromagnetic velocity, v (g) is given by

v(g) ~ 9°l4e*” +Be™*7], [3.7]

and we have both growing and decaying modes.
In the rest of the cases, the asymptotic form shows overstable modes of

the type
o () ~ n°[4 cosAn+ Bsin An). [3.8)
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