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ABSTRACT

The solar wind disturbances result in the emergence of condensation structures in plamsa
comet tail. Most of them are correlated with plasma vortex flow. In this paper, we analyze the
features of condensations basing on the theories of MHD and force—free field. Specifically, we dis-
cuss the construction and the distribution of magnetic field and its energy in condensations. We also
analyze in detail the coupling process between an unsteady plasma motion and a magnetic field.
The coupling effect will let the energy in comet tail change into the force—free field in condensa-

tions, so that the magnetic field energy in the condensations increases constantly. Many phenomena
observed in comet tail can be explained with the model.
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1. Type-1 comet tail and its disturbances

Type-1 comet tail is a long, straight and narrow plasma tail.
It virtually differences from the dust tail which is short, bend
and wide., Interactions between the magnetic field frozen iwn the
golar wind 8nd the cometary plasma result in the formation of
type-1 comet tail. The view seems to be sure to date. Some
ph;siciats al]l discussed the coupling process fron thé'
different points, such as ’'magnetic field line getting "hung up"’

(Alfven)'t:?’

‘the two stream inatability theory’ (Hoyle and
Haruit)tal'toothpaste out of a tube due to lateral pressure’
(Ioffe)ﬂ‘l'ion sound instability' tChernikov)ESland ‘complete MHD
model' {(Schmidt and Wegmann)(OInnd s0 on. In particularly, the
detection of the space crafts Gitto and Vega obtained many new

reaults about magnetic field pattern and plasma structuresgs in

comets' " 'It's true that the detection provides good conditions for
studying the various features in comet further. Observations

have told ug, there are many ’raysf and 'streams’ emanating frow
the head to the Ltarl. These 'rays’ and ‘streams’ are the
cometary plasma track and correspond to magnetic field lines,
We can often observe some condensations in type-1 comet tajl.
Most of them are heliecal structures or ’‘kinks’ formed by ’'rays’.
This shows that the magnetic field lines twist heavily in some
Breas in comet tail. These condensations often move backward
with general ions in comet tail. Alfven had pointed out that
they were small rotating plasma magnetic clouds[h’]At present,
loppler shift is observed to some condensations. As many people
rcinted out, it is clear that they are ion vortex flow condensed
in comet taill.a-nI
Although there are various theories about the process type-1
comet tail forming, condensations are all considered to be the
results from  the disturbances acting on comet, such as the
magnetic clouds torn away from comet head, the products from
plasma instability, or the vertex flow caused by diaturbances.
Jokers pointed out the phenomena of some 'twines' and ‘kinks’.
correlate with solar wind events:'?’ We have wade a statistical
analysis about 28 type-1 comet tails most of which have
condensationas and kinks. The gstatistical resultas show that
“"enhancement. tor solar activity” has a correlation with

“increment for the disturbance Bgstructures in comet tiil".




Particularly, the correlation is stronger when "the solar wind
has a sudden change” or "the velocity of the solar wind is very
large”. So the disturhance which the solar wind acts on comet
should be one of the major reaufta which causes the

emergence of condensations in comet tail.

When many condensations, specifically, the twines and kinks,

emerge in type-1 comet tail, we call that “"the cometary eventp"r

occurs. Before occurring, many sudden events in comet correlate

LAT109-131)

with "cometary events”. For example, the structures and

the flow lines in comet tail are disordered, the comet tail

cracks and breaks up, the comet tail is changed into fragments
and 80 on. In this paper, author makes =a study further

baaing on above observations and discusses the features of

condensations. Author specifically analyzes the evolution of the.

magnetic field and the magnetic energy. So we can explain

the observations more reasconably.

2. Basic Equalions

The results detected by space crafts show that the value of
magnetic field is mbout 20-30} in comet tail. The morphology of
magnetic field in comet tail may similar to in magneaphere tail,
or in quiet prominence or in solar atmosphere, sunspot, solar
active region. So we can consider the magnetic field tg be

force-free field. Many people have studied and analyzed in this

(101(14~-16]
case.

The force-free condition is
I/c{ 3 B ) =290 (2.1)
The force-free magnetic field means the Lorentz force does
not exist. The ions move only along the magnetic field lines in
comet tail, which is correspondent with the observations.

MHD basic equations are:

8B/3t = V x { v x B ) + n Vp (2.2}
YeB = 0 (2.3)
VxB = a { t,r )B (2.4)
dp/dt = -V e ( p v ) (2.5)
P [Ov/Ot + {veV)v]) = - Vp + 1747 (VxB)xB (2.6)

Basing on the force-free condition,the second term in the
right of eqguation (2.6) is 0. According to the kinetic momentum

conservation, we can obtain the equation:
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Be [Ov/8t + (veV)v +1/p ¥p)] = O (2.7)

a{t,r) is the force-free factor in (2.4). In Equation (2.2},
7 is the magnetic diffusion coefficient.

The magnetic Reynold number R is usually very large (R _» 1)
in comet tail, so nV:B is very small. Equation (2.2) will satisfy
tﬁe frozen condition.

We approximately consider any condensations to be
axial-symmetric in comet tail. We can eatablish a'
cylindrical-coordinate system (r,€,z}. By using magnetic field
(Br.Be'Bz) and velocity field (vr.ve,vtj,we simplify the
equations. According to equation (2.3) and introducing the
magnetic potential function ¥, we have:

8y/8z = rB_, dp/0r = -TB_ (2.8)
The force-free factor can be written as:
a {(¢,t) = - aKl'P.tllav ‘2-9)
and the toroidal magnetic field is
By = K(®,t)/r (2.10)

In order to know the magnetic field features of condensations
in comet tail, it is key to know the distribution of the
force-free factor. As a(t,r) is a function of time and
position,its change is not very simple. Sco it is important to
consider properly the flow field by using the observations.

Many people have analyzed the relation between the magnetic

energy and the twisting effect quantitatively according to the

[18,19])

" static mechanics. But this problem does not belong to the

static mechanics even if in the solar atmosphere which has been

. 120,21)
showed in our paper before.

In order to discuss the
features of condensations in the comet tail, it is necessarv to
study the coupling process between the three-dimeénsional velocity

field and the force-free field and to analyze the unsteady change.

/3. Discussion to the magnetic field and ic er in the

condensations in comet tail.

Substituting Equations (2.8),(2.9) and {2.10) into Equations
{2.4) and (2.2), we obtain the following scalar quantity
Equations:

(8%78r’-1/r 3/8r+3°/32° )% = -K(v,t)0K(¥,t)/3® (3.1)
v, dp/Or + v, dw/dz + Op/3t = 0 (3.2)

-dy-
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(0vg/32)(80/8r) - {8vy/Ar-v,/T)(8¥/02) =

~(8v _/3r-v /r+dv_/Iz)Kip,t)-0K(y,t) /0t (3.3)

Now we discuss the magnetic field in the condensations in
cgpet tail. As there is more or less poloidal flow field, from
Equation (3.2}, we know that the magnetic potential function
should be unstéady, i.e., 9/t £ 0 {3.43)
Because of influencing ¥, from Equation (2.8), the poloidal

flow field should also influence the poloidal magnetic field. So

the toroidal plasma fiow filed can nlso amplify the toroidal
(21,22

magneti+n field. According to the frozen force-{ree
equalions is
aft,¥) = ¥ (@ (t)wsl/2a () ]{a (s sa (t)e) "7 C(3.5)
whero (L) and ﬂzlt) are two factors about 7,
fience, K(r,t) = + Ja (t)9 '+ (L)¥] (3.6)
Kip,t) OK{n, t) /8y = a (t)mrl1/2a (L) (3.7)
Sn the force-free Equation (3.1} is changed to
0’ /9r’-1/r dwsar+d’w,ax” = a K(v,t) = -[a(t)e+l/2a,(t)]  (3.8)

Presuming the thickness of the condensations is D and the radius

is R, we get the boundary condition

N{r,t) 13.9)

0 : {3.10)

e{r,0,t) = M(r,t) , #{r,D,t)
vid,z,t}) = 0 , P{R,z,t)

R is finite or-infinite. In practical problem, it is more proper
for R to be intinite. In terms of a Hankel transtorm

Atz t) = 5 rAir,z,t)J (4,r) dr (3.11)

where Jl(B.r) is a Bassel function,
rAir,z,t} = ¢i(r,z,t) (3.12)
it is not difficult to determine the solutions of Equations
(3.8)-(3.10), if we consider =some simple cases, for exanple,
dzlt):o
From (3.11), Equations (3.8)-(3.10) may be reduced to

a’Aiiz,tl/azz = -(a2+leA‘(z,t} (3.13)
ALO, L) = f: M(r,t)J (8,r) dr (3.14)
A,(D,t) = S Nir,t)J (8,r) dr (3.15)

The solution of the Equations (3.13)-(3.15}) is
Ajtz,t) = 1/2a 1A, (D.t)-A, (0,t1e "1" Jexpla,z) +

+ IIZa:{Al{O.t)eOID—A:(D,t)]exp{-alz) (3.16)
vhere '
a = (azmzjvz : t3.17)
a,= sh ((a*+8?y D] (3.18)
_5-



An inversion of the Hankel transform leads to
w
Ajtr,z,t) = S B/e la A (0,t)+a A (D, L)1) (B,r)dB (3.19)
where

33: gh[(a2+ szxl

2 (D-2)] {3.20)

a,= sh [(a's 87177 (3.21)

Sybastituting (3.19) into (3.12), the solutions of Equations
(5.8)-(3.10). i.e., » can be obtained.

The poloidal magnetic field is

B = I/r d(ra)/dz ) B, = -1l/r d(rA)/dr {3.23)
The toroidal magnetic field i=
BG = 1/ K(¥.t) = a Atr,z,t) {3.24)
The toroidal magnetic energy in
Wy = atsan (3.25)

Only substituting the ({3.19} into (3.23),(3.24) and (3.25), the
ahove Equations can be obtained.

The toroidal mngnetic field is very small in the normal sresas
in comet tail. But it is obvious from above discussion that the
magnetic field may be changed largely as the force-free tactor a
changes even if in our simple cas¢e. And the toroidal magnetic
energy can be increased quickly. Clearly in the condensations, the
tact that ¥ and @ are both unsteady is a effect caused by the
disturbances of the plasma in comet tail.

In general, the cometary plasma conveys the kinetic energy

19,10,15]
L The

condensations will emerge when the comet tail is disturhbed. In

and magnetic energy from comet head to tail

this case ,the plasma does not only move along with the tail axis
and the magnetic field line is no longer the straight line. Both
the flow field and the magnetic field are change unsteadily in
some areas. From our conclusion,the coupling between the plasma
flow field and the magnetic field will make the force-free factlor
change quickly with time. The toroidal magnetic energy will also
increase. constantly. In condensations, obviously, the constant
increase of magnetic field is an important factor which resylts in
the coﬁet tail unsteady. The more 8eriously the conet is
disturbed, the more the condensations, twiﬁes and kin<s are
obgerved. If the coupling process is very strong, the toroidal
magnetic energy will be stored more and more with time and become

very large. The energy must be released in some condensations when
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it surpmsses the threshold, which will result in the structures
confusion in comet tail. So most sudden events observed in comet

tail possibly result from the energy releasing abruptly from the

condensations.

4. The plasma whirl-flow in disturbances in comet tmil

From observations, most condensations accompany with the
helical and twisted structures. This means that the plasms whirl
flows in comet tail are considerable and sometimes flow quickly in
partial areas. In some helical and twisted structures, the
toroidal plaama motion is more prominent than the poloidal plasma
motion. In this areas, we can only analyze the plasma rotation and
neglect the pecloidal plasma motion. It is very significant to show
the feamtures of the magnetic field and magnetic energy in this

case.
In Equation (3.1}, the left term is not a function of time ,
we have
3 [Kiw,ty OK({v,t)/dy J/9t = O (4.1)
Hence,
2 ] .2
K'te,t) = £ (t)+K, (®) (4.2)

The potential megnetic field will be twisted into the
force-free field. We analyze the evolution of the magnetic field
configuration due to the change of angular velocity @ with time t.

Angular velocity Qo= velr (4.3)
From Equation (3.3), we have
dK(®,t) /3L = - r[130/3z) 3y/dr - (8Q/3r) 3v/dz) (4.4)
From (4.2), we have
3K(v,t)/3t = [ (t)+K (»)] "2 e (r)dE(t) /8¢
Therefore ,the Equation (4.4) virtually shows the relationship

i

between the torcidal magnetic field and the sasngular velocity &,
According to Equations (4.2),(2.9) and (2.10),we know the toroidal
magnetic field and the force-free factor respectively is
rBoir,z,t) = [£ (t)+K.(9))""? (4.5)
Catr,z,t) = -LE (LK, (9)) T UK (9)9K (9) /Y (4.6)
Integrating (4.4) with time t, we can discuse the features of the
angular velocity.

The characteristic Equations abcut (4.4) are

~r(89/3r)dr = r(dp/3z)dz (4.7)

£(LIf (L) [E7(L)+K, (9)1 ' dr = r(dwdz)a0 {4.8)

fit)f'(t)[fz(t)+K;(vj}-1/2dz = -r(3p/3r)d0 (4.9)
-7-




The solution of Equations (4.7)-{(4.9) gives the distribution
of the v, iﬁ the form:
vetr,z,t) =r Q= rHi(r,z,t)+rH=(r.z) (4.10)
Where, Htis the function of r,z,t and H:is only the function
of r,z. The functions Hxand Hacan be determined by the boundary
cogditions and initial value. H is the term about the steady
plasma rotation. Hlis the term introduced by unsteady plasma
rotation as a correctional term. If the relation between veand
f{t) is given, we can analyze the relation between the "plasama
rotation” and the "magnetic field in condensations”.
In simple case, for example, if Ko(v) is the liner function

of v, thé Equation of (3.1) can be reduced the linear form.

(8%s0r?-1/r 8/9r+ 87/82%) v = -K_(9)3K_(¥)/0% (4.11)

the right term is the linear function of ¥. The general
solution of the Equation (4.11) i;::Jn

v(r,z) = r[Coe-\OzJ‘(Borlaggcnéln' J B r)) (4.12)

where J (A r} is the Bessel function, Cncan be determined by
t n

the boundary value in the axial direction,
8 = (13 (mysow) e 2 1) (4.13)
Because lois much leas than ln. the first term in (4.12) is
the prominent term.
Substituting Equation 14.12} into (4.10}, the toroidal
velocity is given:
vglr,z,t) = r(-f(t)f" (t)lnr [fz(t)+azv{r.z)]- zlaw }+
+ rHZ{r.z) (4.14)

1/

where ¥ can be obtained from Equation (4.12). Again, substituting
{4.12}) into (4.5), we obtain the evolution of toroidal magnetic
field.

By = 1/r(f’ (t)+er’e 03?8 r)+b)*? (4.15)
where ¢ and b are both constant. Toroidal naznetic'energy is
Wor BS/8m = 1/8mr (£ (t)+erie to*32 (8 r1eb) (4.16)

Equations (4.15) and 4.16) are obtained in simple case.
[Ho(¢l=01¢ +b]J. In Equation (4,15), the second term and the third
term in the bracket result from steady rotation and the first term
results from unsteady rotation. The first term is always a
increment and makes the toroidal magnetic field large, so is the
torocidal magnetic energy in Equation (4.16). In general cases,
from the Equation (4.5), we know that the Equation of Bg is more
complicate than Equation (4.15). But it is same that both Bgand

Ueare constantly increase with time.

-8~
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The disturbances acting on comet tail result in the vortex in
condensations. The kind of plasma rotation is unsteady. No matter
how f(t) change, if vortex exists in condensations, the torcidal
magnetic field and energy always increase. Because of the plasma
ro}ation, the magnetic lines of force are twisted and the
force-free factor a is increased. So the potential magnetic field
is changed into the force-free field, which makes the tnroidal
field always tend to increase.

The conclusion in this section is a good complement for in
section 3. In section 3, we know that the coupling between the
unsteady plasma motion and magnetic field can increase the
magnetic energy, If the plesma rotation is conasiderable, or even
vary sharply, the force-free factor will be increased quickly,
which will enable the toroidal magnetic energy to grow., As was
said in section 3, the increment of magnetic energy is the
importanl factor about the instability in type-1 comet tail. Some
condensations which energy surpass the threshold will release the
energy abruply. So the type-] comet tail will be confused. These

cometAary phenomena observed often can be explained logically here.
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