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ABSTRACT

The longi tudinal e l e c t r i c f ie ld associated with the observed e l e c t r o -

s t a t i c turbulence in the so lar wind i s shown to'modify t he dispers ive

cha rac t e r i s t i c s of the hydromagnetic waves propagating along the in ter face

between the so lar wind and the cometary plasma. Extremely weak turbulence

has a tendency to s t ab i l i z e these surface waves, whereas turbulence of

moderate l eve l can he s t a b i l i z i n g or des tab i l i z ing depending on the s trength

of the cometary magnetic f ie ld B r e l a t ive to the in te rp lane tary magnetic

f i e ld B . For B >, B , des t ab i l i za t ion i s not poss ib le ,os oe *•* oa * ^
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The helical waves and some other features observed in the cometary
plasma ta i l s , largely arise aue to interaction of solar wind flowing past the
cometary plasma (Brandt and Mendis 1979; Ershkovich 1980). Alfven (1957)
had suggested that the helical waves are magneto-hydrodynamic waves. Later on,
Ershkovich et al . (1972) presented a quantitative model for these waves in
terms of the linear Kelvin-Helmholta (KH) instability of the interface between
the solar wind and the comet ta i l . Non-linear saturation of the KH instability
has been found to be responsible for the observed saturated amplitudes of the
helical waves in comet KohouteJc etc. (Hyder et al. 197U; Ershkovich and
Chernikov 1973). Recently, But! {1981) investigated the hydromagnetic stability
of the solar wind-comet ta i l boundary in the presence of the observed high-
frequency turbulence in the solar wind. The transverse electric field
associated with the background turbulence was founa to have the drastic
stabilizing effect which in turn could explain the absence of the helical
waves in the vicinity of the nucleus of the comet.

In th* present paper, the presence of the longitudinal electric field
is incorporated to check whether the stabilizing effect of the transverse field
would be enhanced; if not, to find if there is any possibility of annulling
this stabilization! However, we find that the latter possibility is out of
the question. In case of a comet which has a ta i l magnetic field smaller than
the solar wind magnetic field, e.g. in comet Morehouse (cf. Ershkovich 1980),
longitudinal field can have a destabilizing effect but this is much weaker
compared to the stabilizing effect of the transverse field corresponding to
the turbulence of a given level.

II. DISPERSION RELATIOB

Let the solar wind be separated from the cometary plasma by a plane
boundary at z = o. As before (Buti 198l) we shall consider the stability
of this coupled system against hydromagnetic waves in the presence of the
background turbulence in the solar wind. This turbulence is equivalent to
the presence of an external space-time dependent electric field which we
will take as longitudinal; namely,

E(x,t)
-i«ot
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•here <u is the characteristic frequency of the turbulence. Both the solaro
wind flow and the magnetic field are taken along the x-direction; th is is
Justified since the magnetic field transverse to the flow direction does not
affect the hydromagnettc s tabi l i ty of the superposed fluids {Chandrasekhar 196l).
Even though the turbulent field produces the electron drif t <v| eE/muî I and
the ion drift ~(eE/Mi^), i t does not give r ise to any plasma dr i f t . Thus
the only new feature introduced by the turbulence in the magneta-hydro&ynamic
model, that we are going to use, is the f ini te res i s t iv i ty . The basic set^of
hydromagnetic equations governing our systen^is

|a +
3V
^= + p(v.v) v = - vP

where n is the resistivity of the system, n in our case is simply given by

-Uir E (3E/3t)-1 (1)

For the incompressible fluid (div V, = o ) , these equations can be linearized

to give (Buti 1981):

lore
and

(3E i v
3B, 3V,

(2)

(3)

where *, = pn + i— (B -B ) is the perturbed pressure ana the subscripts o
X 1 47T —O — 1

and 1 refer to the equilibrium and the perturbed quantit ies. We may point out
that Eqs.(2) and {3) are different from Eqs.(l} and (2) of Buti (1981) in the
sense that terms involving U are missing here and secondly, the last term
on the right-hand aide/Is somewhat different because the turbulent field in
the present case is along x-direction instead of z-direction.

-3-

On using the relations div V = div B » o, for perturbations of the

form f(z) exp(ikx-iut), Eqs.(2) and (3) can be simplified to yield

where

put n at -kiw/w .
o

B1Z • 9 • W

(5)

is the Alfven velocity. In writing Eq.Ct) we have

Let us make a priori assumption that

o

thiB v i l l be Justified la te r . On using (6), from Eq.CO we can obtain the

relation

(6)

(T)

with

a.
fc = 1

(8)

and 3C.= (kV"0 - tu). Moreover Eqs.(2) and (3) now r e a d i l y give

and

(9)

Cio)
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or

If we now use the appropriate boundary conditions, namely the constancy

r . 2 ~ „ -Tl

we, with the help of Eqs.{7),and V | x * . — at z

(9) and (10), arrive at the following dispersion relation?

The subscripts a and c in Eq.. (ll) refer to the solar wind and the comet

parameters, respectively.

So far, to our knowledge, there is no observational evidence for the

presence of any turbulence in the cometary tail (far from the nucleus). How-

ever the turbulent electric field of the solar wind E will penetrate into
os

the tail. Once again from the boundary condition on the continuity of the

tangential electric field, we must have E = E at z = «. With
B = E = E , the dispersion relation ( l l ) can "beoc os odefined in terms of

rewritten as

a.
AS

(12)

with P /p . We may point out that in the absence of any turbulence
^c os 2 2 2

in the solar wind, i . e . for E. * q, < = K. = k and Eq..(12) reduces to
the one derived by Chandrasekhar (l9*Sl) and Ershkovich (1990). Furthermore,
Eq.(l2) is very general and i s not restricted to solar wind-comet inter-
action but is valid for any two superposed homogeneous fluids in the presence
of an external electr ic field.

III. ANALYSIS AHI DISCUSSION

The dispersion relation given by <12) with K defined by Eq..(8) i s a

complicated complex polynomial equation since to in general is complex. How-

ever consistent with-our approximation (6), i . e . for not very strong turbulence

Eg.(12) can be solved ty i tera t ion. This can be seen more transparently by

rewriting Eq..(l2) as

(13)

where

and * » o K_/p ; o

In writing Eq..(l3), terms 0(E|Q), i.e. 6 ( K ^ / ^ ) have been neglected.

For real k, iterative solution of (13) is given by

_ II [t
and

.-v*

i (15)

where
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From Eqa.(lU) and (lSj^we observe that the turbulence on one hand gives

r i s e to the frequency s h i f t and on the other hand can "be s t a b i l i z i n g or de-

s t a b i l i z i n g depending on whether F « o or F > o . As pointed out i n

the previous s e c t i o n , so far our r e s u l t s are v a l i d for any two superposed

plasmafbtft in the fo l lov ing d iscuss ion we 3hal l confine ourselves to- the so lar

wind-comet in terac t ion .

Let us f i r s t of a l l check the v a l i d i t y of our assumption ( 6 ) , vhieh

simply demands that K ' << |? a n d|? |
(15) these can be satisfied provided

I* ! i because of Bqs.(llt) and

(13)

vhere € = 1 for a ^ p

« p/a for a > p.

Let us consider some typical parameters, say for comet Kohoutei at

0.53 AU, namely k - 1 0 - 1 0 / c m , Vo s ~ 500 Kra/sec, VCc - 200 Ka/see, n g « 20/om ,

- i (» Km/sec, 100/cm3 , /> P o e / P ( ) a ' -
F o r L«>emuir turbulence,

u
2 = Ufa e2/m ~ 5 x l O 1 0 / ^ 2 but for ion-acouatic turbulence
OS S

So inequality (l8) reduces to

- 7 -

%s ~ 1 0 /

(19)

for the Langmuir and the ion-acoustic turbulence, respectively. The
uncertainty in the parameter £ is simply because of lack' of observational
data about the cometary magnetic field. Ershkovich (1980) believes that
B */ B , whereas according to Hyder et al. (1971*) and Ip and Hendis (1976),

OC OS -.
B > 50 B . Thus £ can vary between 10 and 1. The observed energyoc — os
density of the turbulent f i e l d reported for Langnruir turbulence (Dobrovolny

et a l . 198o) i s about 10~ ergs/cm and for ion-acoustic ~ 10~ ergs/cm

(Gurnett e t a l . 1979). Thus (19) can e a s i l y be sa t i s f i ed for the entire range

of £ , b o t h for the Langmuir as well as the ion-acoustic case . We may point

out though that upstream of bow shocks of Jupiter and Saturn, much stronger

(<«10 ergs /cm ) Langmuir turbulence has been recently observed (Scarf

et a l . 1 9 3 l ) , but correspondingly the other parameters at these distances

would also be dif ferent .

Having checked the va l id i ty of our basic assumption ( 6 ) , l e t us now

proceed to find the ef fect of turbulence on the s t a b i l i t y of hydromagnetic

waves. Prom Eq.( l6) and (17) we find that

(20)

ff-
and

0-
Eq.(20) can be further sinplied to give

-S-
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~o<? VIA
) .

POT a = Boc/Bo3 ~ 1 " f r o m a n d ( a i '> ve immediately see that the frequency
shift i s posit ive. Once again from Eqs.(l6) and (if) we obtain

^ *-& 3

which for a >,1 corresponds to F < o and hence the growth

due to the turbulence. In fact the instability can be quenched if

(22)

decreases

which for a •* 1, and in view of our assumption. (6) takes the form

(23)

Since r is very large compared to the siae of the t a i l , we can conclude

that the longitudinal turbulent field, due to Langmuir or ion-acouatic
turbulence, though has a stabilizing tendency T>ut i t can never quench the

ins tabi l i ty . On the contrary, i f a « 1, Eq.{22) could lead to F^ > o, i . e .

to destabilization provided

which iadaed can be satisfied by the observed ion-acoustic turbulence without
violating the inequality (19). Though in principle the destabilization seems

possible but in practice in the case of comets, i t may not happen since i t
is

Tp ana Mendls 19T6).
difficult to satisfy the condition B « B (Ershkovich 1980;

IV . COitCLUSIOBS

The longitudinal electr ic fields associated with the observed
turbulence (Langmuir or ion-acoustic) in the interplanetary medium, unlike
the transverse f ields, cannot stabil ize the hydromagnetic surface waves
arising Sue to the coupling of the solar wind with the cometary-tail plasma.
Even though the suppression of Kelvin-Helmholtz ins tabi l i ty is not possible,
i t s growth rates are cut down by the electrostat ic turbulence.

The role of strong turbulence, accounting for the pondermotive force,

will be reported in a. forthcoming paper.

On using the parameters given ear l ie r , we notice that (23) cannot be
satisfied for the case of Langmuir turbulence though the ion-acoustic

1/2turbulence barely can. Since ac <C x ' (Butl 1981); r being the distance

from the nucleus; ion-acoustic turbulence would allow the KH instabi l i ty

to appear in the region r y r , where
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